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1.0 Purpose

The purpose of this document is to provide an overview of Irvine Ranch Water District’s
(IRWD'’s) Risk Informed Decision Making (RIDM) based Dam Safety Program (DSP).

2.0 Introduction

This document summarizes the overall framework, including principles and guidelines for

IRWD'’s risk informed dam safety program and its portfolio of dams. IRWD currently owns and

operates five large dams® and reservoirs as key components of its water supply/delivery system.
IRWD also owns and operates a small concrete dam that is completely filled with sediment. The

dams are summarized in Table 1 below.

Table 1: IRWD Dams and Reservoirs

Dam and Reservoir

2 The Santiago Creek Dam is jointly owned by IRWD (75%) and the Serrano Water District (25%).

Originally Dam Height Reservoir Storage
Constructed (ft) (ac-ft)

Santiago Creek? 1932 136 25,000
San Joaquin 1966 224 3,036
Sand Canyon 1942 58 768
Syphon 1949 59 578
Rattlesnake 1960 79 1,480
Harding Canyon3 1900 37 23

3The reservoir is completely filled with sediment, but at one point stored update to 23 acre-feet of native runoff.

The five large earthen embankment dams are regulated by the California Department of Water
Resources, Division of Safety of Dams (DSOD). Each of the dams have been classified Extremely

High Hazard by DSOD. The Extremely High Hazard designation is the result of DSOD’s

determination that there are more than 1,000 residents within the estimated sunny day failure

inundation limits below each dam.

The risk informed dam safety program summarized in this document provides a rigorous,

systematic, and thorough framework that improves the quality of, and support for, dam safety

decisions. The added benefit of the risk informed program is its ability to be scaled to the

decision-making needs at IRWD. For example, when risks are relatively straight forward, a low

level of effort may be suitable for IRWD to make an informed decision. In some instances, an

identified risk that may require a significant cost to mitigate, or that significantly impacts IRWD’s

ability to store and deliver water, may be addressed with much more rigorous risk estimating

methods. More rigorous risk estimating methods, applied in combination with results from

investigations and engineering analyses, can reduce uncertainty and increase IRWD’s confidence

that corrective actions to reduce risk (e.g., dam modifications) are justified — or not. Overall,

this system provides IRWD with critical information needed to proactively understand the

! International Commission on Large Dams (ICOLD) defines a large dam as a dam having a height of 50-ft or more.
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condition of its dams, maintain an appropriate level of safety based on estimated risks, prioritize
dam safety actions, and engage with the DSOD regulatory process.

A risk informed dam safety program is grounded in identification of potential failure modes
(PFMs) that could occur at each dam. The PFMs are tailored to a dam’s specific configuration
along with the geologic and natural hazard setting of the dam and reservoir. Once PFMs are
identified and described, the application of risk as a fundamental basis requires execution of
three distinct components:

e Risk analysis

* Risk assessment

e Risk management

These components and their relationship to one another are illustrated on Figure 1.

Risk
Control

Risk
Reduction

Recurring
Activities
Periodic
Re-Assessment

Risk Risk Risk
Estimation Evaluation Reduction
Loads Life Safety, Economic, Structural Options
Environmental & Operational
Breach Estimation Non-Structural Options
Public Involvement
Structural Response Monitoring
Risk Acceptance,
Consequence Decision Guidelines, Benefits
Estimation Values, & Judgement
Risk Communication
Risk Communication Risk Communication
L L L

Figure 1: Dam Safety Risk Management Framework (FEMA 2015)

For risk analysis, the key activity is risk estimation. For risk assessment, the key activity is risk
evaluation; a qualitative or quantitative description of the nature, magnitude, and likelihood of
the adverse effects associated with a hazard. A risk evaluation under this program may include
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not only estimates of risk, but development of risk descriptions, identification of risk
management options, economic and other evaluations, and estimates of changes in risk
attributable to the management options that are identified (FEMA, 2015). When risks are
deemed unacceptable, decision-making is used to guide selection and implementation of risk
reduction measures.

Estimating risk involves evaluation of three components as expressed in the following
relationship:

Probability of . Probability of failure N Consequences

Risk =
the loading given the loading given failure

Risk: As shown above, risk is the product of the likelihood of the dam or appurtenant
structure being loaded, adverse structural performance (e.g., dam failure) and the
magnitude of the resulting consequences. Dam failure risk is measured in terms of lives
per year.

Probability of the loading: The loading probability is estimated considering factors such
as (1) reservoir operations and how often the reservoir reaches certain elevations, and

(2) the size and frequency of natural hazard events such as floods and earthquakes. The
annual probability of the loading event occurring is measured in units of per year.

Probability of failure given the loading: This is the conditional probability of failure given
that the loading occurs and is sometimes referred to as the system response probability.

Consequences given failure: For IRWD’s dam safety risk, consequences refer to life loss

given failure occurs. Consequences may also include economic or environmental
consequences. Consequences are incremental, meaning that dam failure life loss does
not include life loss from non-breach events such as floods with large discharges.

Risk estimates reflect the condition of the dam or appurtenant structure being analyzed at a
snapshot in time. These conditions can and will likely change over time, requiring periodic
updates to the risk analysis. Likewise, the life loss consequences of a dam failure may also
change as development occurs within potential dam failure inundation areas.

3.0 Guiding Principles
IRWD developed the following guiding principles for the risk informed dam safety program:

e Prioritize public safety and earn the public’s trust by developing and implementing a
state-of-the-art Dam Safety Program.

¢ Enhance the clarity and transparency of IRWD’s Dam Safety Program with IRWD’s
customers and the community.

e Establish “Risk Informed Decision Making” strategies and guidelines for dam and
reservoir management consistent with industry best practices that maximize safety and
water supply reliability.

July 2023 Dam Safety Program Overview
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3.1

Ensure that IRWD’s dams achieve and maintain the highest condition rating issued by
DSOD.

Prioritize dam safety through dam and reservoir facility monitoring, inspection,
maintenance, and risk reduction as appropriate.

Establish IRWD as a leader in Dam Safety Programs.

Additional Objectives

The risk informed Dam Safety Program also serves the following key purposes:

To establish a supportive and resilient culture of dam safety within all IRWD
programs, management levels, and staff including IRWD’s Board of Directors.

To achieve an appropriate level of public safety through ongoing, periodic, and one-
time program activities, including, periodic dam inspections and evaluations,
surveillance, instrumentation monitoring, risk analyses, risk reduction activities
(e.g., dam modifications), and dam emergency action plans with inundation maps.
IRWD will take actions to mitigate/reduce risks commensurate with the identified
risks within its dam portfolio.

To develop and implement appropriate communication strategies within IRWD, with
DSOD, and with other community stakeholders (e.g., fire and police departments)
regarding the safety of IRWD’s dams and actions that are being taken to achieve a
tolerable level of risk.

4.0 Dam Safety Program Process

IRWD’s DSP consists of routine and non-routine dam safety activities. The activities are shown
in Figure 1 below.
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Routine Dam Safety Activities

Non-Routine Activities

1 Yes
Are Actior‘\\s'n
Justified?

No
f Yes
~Is this a dam
No safety issue?
(Consider
“__ IRRMs)
= Is there a 0—<
trigger for a - -
No potential Incident or Special
changein Event

dam safety
risk?

Figure 2: Routine and Non-routine dam safety activities.

The routine dam safety activities are implemented to continuously monitor dam performance
and manage dam safety risks. They include operation and maintenance, surveillance and
monitoring, different types of inspections, periodic dam safety reviews (PDSRs), dam safety
training, risk communication and emergency preparedness. The order or position of the routine
recurring dam safety activities on the outer loop (green) is not intended to be chronological
because each of the recurring activities has its own timing. PDSRs include risk assessments of
existing or any newly identified PFMs to re-evaluate risk using the most up to date information
on loadings (hydrologic and seismic), dam performance and downstream consequences. The
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5.0

6.0

Dam Safety Program uses risk to inform activities at individual dams and to prioritize actions
across the portfolio.

Non-routine activities will be implemented to address a potential dam safety issue or specific
concern. These activities include evaluating the need for interim risk reduction measures, issue
evaluation(s), dam safety modification alternatives evaluation and design, and implementation
of selected risk reduction measures. On an infrequent basis, dam safety emergencies may
require emergency response that also triggers non-routine activities. The Dam Safety Program
uses risk to make decisions about the severity of the situation and the urgency of actions, to
select the recommended course of action, and to guide their implementation.

IRWD and DSOD Responsibilities

As the owner, IRWD is responsible for the safety of its dams and appurtenant structures. In this
role, IRWD has established and implements a Dam Safety Program that manages the risks of its
dams including training of staff in maintenance, operation, and safety of the dams; performing
routine operation and maintenance activities; completing routine surveillance and monitoring;
performing periodic dam safety inspections in accordance with industry best practices; analyzing
the safety/risks of each dam and reservoir; mitigating unacceptable risks; developing and
exercising dam Emergency Action Plans with inundation maps; and communicating with all
IRWD stakeholders.

As the regulator for the safety of dams in California, DSOD is responsible for providing
regulatory oversight of IRWD’s Dam Safety Program, and conducting state inspections of IRWD
dams. DSOD may also perform independent dam safety related analyses (e.g., seismic) and
evaluation of IRWD’s dams and impose operational restrictions on reservoir storage levels if
deemed necessary to protect the life and property of potentially impacted downstream
residents. DSOD also reviews and permits the investigation, design, and construction of
modifications of IRWD’s dams. DSOD has provided notice to all dam owners under its
jurisdiction that it is in the process of adopting risk-informed decision making processes within
its Dam Safety Program. DSOD intends on utilizing RIDM to prioritize the comprehensive re-
evaluation of dams in the state of California and is not intended to be used as criteria for design.

Organizational Structure, Roles, and Responsibilities

IRWD is comprised of several departments that report to the General Manager under the
direction of the Board of Directors (Board). Of these departments, the Technical Services and
Operations departments carry primary responsibilities related to dam safety. This section
outlines the responsibilities for each level and organizational group at IRWD that has a role in
assuring dam safety.

July 2023 Dam Safety Program Overview
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6.2

6.3
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Board

IRWD’s Board governs the program and is responsible for policy and approvals in excess
of staff’s authority. Specifically, the Board:

e Has general knowledge of IRWD dams, the Dam Safety Program, risks, benefits and
liabilities posed by IRWD dams, and supports organization-wide dam safety
philosophy.

e Gives full consideration of dam safety project funding needs.

e Reviews and approves major dam safety and dam risk reduction projects.

General Manager

The General Manager oversees the entire IRWD and assigns the primary responsibility
for the Dam Safety Program to the Technical Services Department. Specifically, the
General Manager:

e Has specific knowledge of IRWD dams, the Dam Safety Program, risks, benefits and
liabilities posed by IRWD dames.
e Actively promotes the District’s organization-wide dam safety philosophy.

Executive Director of Technical Services

The Executive Director of Technical Services reports to the General Manager and
provides oversight of the Dam Safety Program. Specifically, the Executive Director of
Technical Services:

* Has specific knowledge of dams and their risk.

¢ Has frequent communication with the Dam Safety Engineer.

e Champions dam safety within IRWD and stakeholder community.

e Ensures the Dam Safety Program has adequate staffing.

e Promotes a culture of dam safety throughout the entire organization.

e Ensures the program has a positive working relationship with DSOD and CalOES.

e Identifies the need for and reviews dam safety processes, procedures, and
guidelines.

e Supports dam safety in the organization’s strategic plans, goals, and budgeting.

e Receives the Dam Safety Engineer’s annual report and briefing, annual work plan,
and five-year capital investment plan.

e Evaluates and recommends to the IRWD Board any proposed non-routine projects
at dams (e.g., issue evaluation studies, investigations, analyses, and/or dam
modifications) and major routine activities (e.g., significant maintenance projects) in
accordance with IRWD’s procurement procedures.

e Provides program quality assurance and governance including;

o Assures that engineering designs and construction are adequate.
o Ensures independent program reviews are conducted periodically and that
recommendations are implemented.

Dam Safety Program Overview
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o Incorporates dam safety roles and responsibilities in position descriptions and
staff performance evaluations.

Dam Safety Engineer

The Dam Safety Program is led by the Dam Safety Engineer. The Dam Safety Engineer
has overall responsibility for implementing and maintaining the overall Dam Safety
Program processes.

The Dam Safety Engineer:

Reports to the Executive Director of Technical Services.

Implements the Dam Safety Program routine and non-routine activities.

Responds promptly and effectively to dam incidents and ensures that incident
lessons are discovered and learned.

Maintains and manages the dam portfolio risks and any necessary risk mitigation
projects.

Develops, in collaboration with Operations, contingency plans to ensure reliability of
dam operations.

Engages with IRWD decision makers as needed and provides decision support for
decisions that might include implementing responses to emerging dam safety
incidents, implementing interim risk reduction measures (IRRMs), and implementing
permanent actions to reduce risk.

Establishes budgetary requirements to ensure funding is available for
implementation of routine and non-routine dam safety activities.

Produces an annual dam safety report and updates a five-year Dam Safety Program
work plan.

Stays current with dam safety technological improvements and regulatory
requirements.

Ensures regulatory requirements for all facilities are satisfied.

Develops processes, procedures and guidelines for the Dam Safety Program as a
whole and for individual program areas.

Establishes and maintains Dam Safety Program specific quality control processes.

The Dam Safety Engineer leads and manages program staff or consultants that perform
program tasks and projects, including:

Recurring routine dam safety activities (dam records, instrumentation and
monitoring, annual inspections, PDSRs, Emergency Action Plans, etc.).

Non-routine activities (issue evaluations, field programs, analyses, alternatives
analysis, modification designs and construction, etc.)

Planning and executing the dam safety training program (customized for all levels of
the organization).

To perform the duties and responsibilities of the position, the Dam Safety Engineer may
rely on staff or highly qualified consultants for assistance with specific technical areas

Dam Safety Program Overview
Page 8 of 10

12/191



( ) Dam Safety Program

Irvine Ranch Overview

Water District

including, but not limited to, structural engineering, seismology, geotechnical
engineering, geology, hydrology, hydraulics, emergency management, instrumentation,
and risk informed decision making. The Dam Safety Engineer coordinates and
communicates internally and externally by:

e Engaging internally on a regular basis with Operations

e Engaging externally with DSOD and Cal-OES, as needed

e Supporting public safety and security at dams and personnel safety

e Representing IRWD in state and dam safety association meetings and events

6.5 Program Staff

IRWD staff will be assigned, as needed, to assist the Dam Safety Engineer in performing
Dam Safety Program functions and tasks in the areas of:

e Dam data and record keeping

e Regulatory compliance

e Dam inspections and DSOD inspections

e Dam surveillance, instrumentation and monitoring

e Dam safety risk analyses

* Risk assessment

¢ Non-routine activities including field investigations, analyses, and dam modifications
* Emergency management including Emergency Action Plans and inundation maps.

Because of workload or need for specialty skills, knowledge, and expertise, program
tasks and projects may be contracted out to qualified consultants; however,
responsibility for the program activities shall always be retained and managed by the
Dam Safety Engineer.

7.0 Guidelines for Routine Dam Safety Activities

IRWD has developed guidelines for dam safety activities identified in the Figure 2 process flow
chart. The guidelines describe the activities, the frequency of activities, and responsible parties.
Below in Table 1 is a list of the routine and non-routine dam safety activities and the
corresponding guidelines contained in IRWD’s Dam Safety Program.

July 2023 Dam Safety Program Overview
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Table 1: Guidelines for Routine Dam Safety Activities

Activity

Dam Safety Training
Emergency Preparedness and
Planning

Operations and Maintenance

Instrumentation Monitoring and
Surveillance

Annual / Special Inspections

Periodic Dam Safety Review
Non-routine Activities

8.0 References

Related Guideline/Plan

DSP Guideline No. 1 —Training

DSP Guideline No. 8 — Emergency Preparedness and Planning
Emergency Action Plan — San Joaquin Dam

Emergency Action Plan — Sand Canyon Dam

Emergency Action Plan — Syphon Dam

Emergency Action Plan — Rattlesnake Dam

Emergency Action Plan — Santiago Creek Dam

Santiago Reservoir Valve Replacement Plan, March 12, 2019
DSP Guideline No. 2 —Vegetation and Animal Activity
Management

DSP Guideline No. 7 — Maintenance

Operational Considerations Related to Dam Safety

DSP Guideline No. 11 — Data Management

DSP Guideline No. 3 — Seismic Monitoring

DSP Guideline No. 4 — Seepage and Piezometer Monitoring
DSP Guideline No. 6 — Movement Monitoring

DSP Guideline No. 5 — Inspection Reports & Annual
Surveillance Reports

DSP Guideline No. 10 — Periodic Dam Safety Review (PDSR)
DSP Guideline No. 9 — Non-routine Dam Safety Activity

8.1 HDR, “Dam Safety Program Framework”, September 15, 2021
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1.0 Purpose
The purpose of this guideline is to ensure that Irvine Ranch Water District (IRWD) staff that have
an active role in dam safety are adequately trained for the functions they perform, that new
employees are properly trained, and that staff continue to remain abreast of current practices
and procedures in the dam industry to further enrich IRWD’s dam safety program (DSP).
2.0 Definitions
Below is a summary of terms used herein that are used in this guideline.
Training - The act of teaching an individual on a particular topic so that the individual
may garner a particular skill that they may or may not already possess.
Continuing Education - The act of refreshing on existing knowledge or expanding an
individual’s knowledge in a particular field or topic.
3.0 General Guidelines
Staff involved with IRWD’s DSP shall receive training and be encouraged to pursue continuing
education in the field of dam safety. Below in Table 1 is a summary of training topics, the
positions at IRWD that should receive training, and the frequency of the training.
Table 1: Training Schedule
Position(s) to Receive
Training Topic Description of Activity Training Frequency
Piezometers Procedure for collecting, * Recycled Water At least once in first
interpreting, Operations Supervisor year of employment
troubleshooting, and » Operations staff in Water  and when equipment
distributing data Operations Group or procedures
change and as
needed
Procedure for monitoring ¢ Recycled Water At least once in first
piezometer data (e.g., Operations Supervisor year of employment
frequency of review,  Operations staff in and as needed
expected readings, Recycled Water thereafter
readings that require a Operations Group
response, etc) * Engineering staff in Dams
& Storage Group
Seepage Procedure for collecting, * Recycled Water At least once in first
interpreting, Operations Supervisor year of employment
troubleshooting, and » Operations staff in and when equipment
distributing data Recycled Water or procedures
Operations Group change and as
needed
May 2023 Training
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Table 1: Training Schedule

Position(s) to Receive

Training Topic

Daily/Weekly
Reservoir Patrols

Emergency Action
Plans (EAP)

Dam Safety
Program
Guidelines
Inspection
Reports

Description of Activity
Procedure for monitoring
seepage data (e.g.,
frequency of review,
expected readings,
readings that require a
response, etc)

This item generally
includes routine general
inspection of reservoir,
inspection reports,
equipment, security,
collection of data, and
performance of reservoir
Review of EAP, notification
tree, and location of EAP

Review DSP Guidelines

Review of components of
dam and how to complete
Inspect Reports

Training

e Recycled Water
Operations Supervisor

e Operations staff in
Recycled Water
Operations Group

* Engineering staff in Dams
& Storage Group

* Recycled Water
Operations staff

* EAP Plan Holders

¢ Water Operations staff

* Dams & Storage
engineering staff

¢ Standby staff

* Emergency Operation
Team Members?

¢ |IRWD staff involved with
subject of specific
guideline

* Water Operations Staff

Frequency

At least once in first
year of employment
and as needed
thereafter

At least once in first
six months of
employment and as
needed thereafter

Once annually

As needed

At least once in first
year of employment
and as needed
thereafter

1JIRWD maintains an Emergency Operations Plan (EOP) that is separate from the EAP. The EOP guides staff internal to
IRWD to effectively manage response and recovery.

The goal of the training is for the employee to acquire or refresh on the skills necessary to
perform the employee’s job duties and to ensure overlap in knowledge base.

Operators in the water group, or cross training in the group, shall be trained in how to collect,
report, and interpret data from all types of piezometers, seismic monitoring equipment, flow
meters, and level sensors utilized at IRWD’s dams. The training shall also include identifying
faulty reads, troubleshooting, and process for repairing nonfunctional instruments.

In addition to the training requirements, staff involved with the DSP should pursue continuing
education to remain abreast of current trends, practices, and concerns in the dam safety
industry. Staff are encouraged to attend webinars, technical seminars, and conferences to
remain informed. Part of continuing education is remaining informed as to the dam safety risks
for IRWD’s dams and the District’s approach to managing the risks. IRWD’s Risk Informed
Decision Making (RIDM) based DSP includes a perpetual cycle of risk assessment and re-

May 2023
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prioritization of action items geared towards managing risks. On a recurring basis, and as
significant changes are identified in the risk assessment of IRWD’s dams, the Dam Safety
Engineer will provide updates to engineering and operations staff of the perceived risks in
IRWD'’s portfolio of dams. Understanding risks with each dam, and how the risks are managed,
will promote awareness of specific areas of concern (e.g., seepage, movement, etc) for the
betterment of IRWD’s DSP and public safety.

A minimum of four (4) staff (two (2) from Engineering and two (2) from Operations) should
maintain a membership to a professional dam organization including, but not limited to,
Association of State Dam Safety Officials (ASDSO), United States Society of Dams (USSD), or
International Commission of Large Dams (ICOLD).

4.0 Responsibility
Various staff are responsible for identifying and ensuring the completion of training. Table 2
summarizes the responsibility of staff for identifying training and continuing education
opportunities.
Table 2: Responsibilities for Identifying and Ensuring Completion of Training Opportunities
Description of Responsibility Responsible Party
Maintain Training and Continuing Education Dam Safety Engineer
Log
Identify and encourage appropriate staff to Water Operations Manager, Recycled
pursue continuing education Water Supervisor, and Dam Safety Engineer
Ensure that new Operators in the Recycled Water Operations Manager, Recycled
Water Operations group undergo Water Supervisor
instrumentation and monitoring training
Inform appropriate staff of identified dam Dam Safety Engineer
safety risks
Ensure appropriate staff are trained on EAP for = Director of Safety and Security
each dam
Maintaining records is an important component of IRWD’s DSP. On a routine basis, the Dam
Safety Engineer, Water Operations Manager, and Recycled Water Supervisor will collaborate on
identifying staff that require training and who should be encouraged to pursue continuing
education.
5.0 References
5.1 IRWD Policy No. 23 — Education and Training
5.2 IRWD Emergency Operations Plan, September 2020
5.3 ASDSO Website: https://damsafety.org/
5.3.1 Dam Owner Academy: Dams 101 https://youtu.be/OH TVGPHS5ik
5.4 USSD Website: https://www.ussdams.org/
5.5 ICOLD Website: https://cda.ca/international/icold
May 2023 Training
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1.0 Purpose

The purpose of this document is to provide guidance for monitoring, managing, and repairing
damage from vegetation and animal activity at Irvine Ranch Water District’s (IRWD) dams.

2.0 Definitions
Below is a summary of terms used herein that are related to IRWD’s Dam Safety Program (DSP).

Abutment - The contact between the sides of the dam and the natural ground that the
dam butts up against.

Landscape Contractor - Contractor hired by IRWD to maintain landscape that is
managed by IRWD’s Landscape Manager.

Downstream Slope of Dam - The face of dam that is located away from the reservoir
water.

Earthen Embankment - A dam constructed of compacted natural soil fill materials that
are selected to retain water behind the dam while minimizing seepage.

IRWD’s Landscape Manager - IRWD staff responsible for ensuring irrigated and
landscaped areas at IRWD’s facilities, including IRWD’s dams, are properly maintained
with the use of internal or external staff.

Rodent Control Contractor - Contractor hired by IRWD, and managed by IRWD’s
Landscape Manager, that monitors, maintains, and controls animal activity.

Seepage - The flow of water from the body of stored water through the embankment,
abutments, or foundation of the dam.

Upstream Slope of Dam - Reservoir or lake side of dam.

3.0 General Guidelines

3.1 Vegetation

IRWD'’s five earthen embankments have different surface treatments on the downstream and
upstream slope of the dam. Surfaces having soil will have a propensity for vegetation growth

and require more frequent vegetation clearing than impervious surfaces. Below in Table 1 is a
summary of the surfaces at each of IRWD’s dams.

July 2023 Vegetation and Animal Activity Management
Page 1 of 6
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Table 1: Summary of Finished Surfaces at IRWD’s Dams

| Dam | Upstream _____ DamCrest | Downstream __ Spillway

San Joaquin Compacted AC pavement Rolled random rock = Overflow vault and
impervious earth Reinforced
lining — AC Concrete Pipe
pavement through
embankment

Sand Canyon

AC pavement

AC pavement

Compact pervious
material, vegetated

Open rectangular
channel thatis a
combination of
concrete walls and
sandstone bedrock
that is filled with
dental concrete

Syphon Compacted fill, Compacted fill Compacted fill, Concrete lined
vegetated vegetated trapezoidal
channel
Rattlesnake AC pavement AC pavement Compacted fill, Concrete lined
vegetated trapezoidal
channel
Santiago Concrete lined Compacted Compacted Concrete line
Creek impervious fill pervious fill, rectangular
vegetated channel
Harding Concrete with Concrete Concrete Concrete notch in
Canyon bentonite liner on dam crest

upstream side of
dam

Vegetation growth on dams and related appurtenances is a dam safety concern as it could lead
to, but is not limited to, the following:

July 2023

e Trees could be uprooted and produce large voids that reduce the cross section of the

dam.

e Roots of vegetation, particularly woody vegetation, could decay over time thereby
creating seepage paths and lead to internal erosion.

e Vegetation on the dams could hinder visual inspections.

e Vegetation in spillways could reduce hydraulic capacity, damage the spillway structure,
and undermine the foundation.

* Vegetation could hide animal burrowing activity.

e Vegetation could serve as a food source to animals that pose a dam safety concern.

e Roots can wedge into cracks and joints at key locations, such as along abutments and
toe of embankment and thereby increase the potential exposure to leakage.

Vegetation and Animal Activity Management
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e Roots could impact subdrain systems and outlet conduits.

Given the dam safety concern with vegetation growth on dams, IRWD shall routinely inspect,
manage, and remove the vegetation on the upstream and downstream side of the dam and in
the spillway.

IRWD maintains Landscape Maintenance Specifications that describe the scope, service level
and frequency at major IRWD facilities. The specifications include requirements for IRWD’s
dams such as the areas to maintain, frequency of maintenance, growth tolerance, and special
requirements. To enhance awareness and further ensure the vegetation throughout the dam is
thoroughly managed, staff should follow a process for reviewing the vegetation maintenance
and notifying appropriate staff when the maintenance is complete. Figure 1 describes the
vegetation management notification and review process for IRWD’s dams.

3.2 Animal Activity

Various animals thrive in Southern California some of which may be a concern for
earthen embankments. Animal activity that may impact dam safety include, but are not
limited to, creating animal burrows, ruts, nests, and erosion. Table 2 below summarizes
the animals of concern that are known to exist in the Southern California region that
have the potential for inhabiting IRWD’s earthen embankments.

Table 2: Summary of Animals on Earthen Dams
m Type of Activity Threat to Dams

Pocket Gopher - Botta Dig burrows in dam. Burrows can lead to internal
(Thomomys botta) erosion and structural integrity

North American
Badgers

Ground Squirrel -

Dig in pursuit of prey and
digging is highly destructive
compared to gophers. Can dig
large burrows from 5-30 feet
long.

Dig burrows in dam.

losses in the dam. Presence of
gophers can lead to badger
activity.

Badgers prey on gophers and
will exacerbate internal and
external erosion in earthen
dams by enlarging existing
burrows for gophers, squirrels,
and other animals that may
inhabit the dam.

Burrows can lead to internal

California erosion and structural integrity

(Spermophilus losses in the dam. Presence of

beecheyi) gophers can lead to badger
activity.

Crayfish Dig burrows in dam. Generally Burrows can lead to internal
found in fresh water along erosion and structural integrity
shorelines. losses in the dam.

Coyote Build dens and dig in pursuit of Digging can lead to loss of

July 2023

prey.

structural integrity.
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water level

Voles (meadow mice or  Dig burrows in dam. Burrows can lead to internal
field mice) erosion and structural integrity
losses in the dam.

Gray Fox (Urocyon Dig in pursuit of prey. Digging can lead to loss of
cinereoargenteus) structural integrity.
Canada Goose (Branta Nest near water, which could Nest building can lead to
canadensis) occur at earthen dam and cause = external erosion.

external erosion.
Ants Build complex series of tunnels. | Complex network of tunnels can

exacerbate existing cracks and
can soften the embankment and
impact the structural integrity.

Additional information on the above listed species, including photos, description of food
sources, behavior, and tips for the field can be obtained by reviewing the Federal
Emergency Management Agency (FEMA) 473 Impacts of Animals on Earthen Dams.
Animal burrowing is the primary dam safety concern. Figure 1 provides a cross section
view of a sample earthen dam that shows potential animal burrowing activity in relation
to possible water level through the dam. The figure illustrates how animal activity can
reduce the cross section of the dam and present a dam safety concern. As such, it is
critically important to control animal activity and protect the condition of the dam.
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-~

S ma - ewm .

—| (— T
dangerously
close burrows phreatic surface

Figure 1: Section View of Dam with Animal Burrowing Activity (FEMA 473).

3.3
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Repair of Damage from Vegetation and Animal Activity

FEMA 473 offers guidance on various types of repairs based on the level of impacts to
the embankment. Table 3, which is based on FEMA 473, describes various repair
methods and responsible parties to carry out the repairs to the dam including the
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upstream slope, dam crest, downstream slope and spillway. It is important to
determine if there are visual signs of embankment distress, such as cracks, settlement,
or slumping, when considering an area for repair. If signs of embankment distress are
present, the Dam Safety Engineer will review the condition of the embankment in
collaboration with dam experts, as needed, to recommend a repair.

Table 3: Vegetation and Animal Burrowing Repair Methods and Responsible Parties

Repair Method Responsible Party

Loss of vegetation

Embankment material loss
(less than 6-inches deep?)
from vegetation removal or
animal activity
Embankment material loss
(6-inches deep or greater?)
from vegetation removal
without signs of
embankment distress

Embankment material loss
(6-inches deep or greater?)
from animal burrowing
without signs of
embankment distress

Embankment material loss
from vegetation removal or
animal activity with any
signs of embankment
distress

Vegetation removed from
impervious surfaces (e.g.,
concrete spillway, concrete
liner, AC pavement)

Revegetate area.

Place soil of similar type and compact
by foot or with handheld equipment.

Check for signs of embankment
distress (e.g., cracking, slumping,
depression, erosion, sinkholes, ruts,
sloughing, slides, and scarps) in the
area of material loss. If no signs of
distress, place soil of similar type and
compact using handheld or walk
behind equipment. If signs of
embankment distress, contact Dam
Safety Engineer.

Check for signs of embankment
distress (e.g., cracking, slumping) in
the area of material loss. If no signs
of distress, the burrows may be filled
with impervious material or
cementious grout. “Mud-packing”
may also be used to fill the entire
burrow, which consists of placing
piping in the burrow and placing a
mixture 90% earth and 10% concrete,
plus appropriate amount of water to
promote flowability.

To be determined, based on condition
assessment.

For concrete surface, repairs shall be
in accordance with United States
Bureau of Reclamation Guide to
Concrete Repair. For AC surfaces,
repairs shall be in accordance with
IRWD’s General Technical
Specifications.

1Depth is measured perpendicular to surface.

Landscape Contractor,
Landscape Manager
Rodent Control
Contractor, Landscape
Manager

Construction Services

Construction Services

Dam Safety Engineer

Construction Services
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4.0 Responsibility

Various staff are responsible for monitoring and controlling vegetation growth and animal
activity. Table 4 summarizes the responsibilities of staff for managing vegetation and animal
activity.

Table 4: Vegetation and Animal Activity Management Responsibilities

Description of Responsible Party

Responsibility

Maintenance of IRWD’s Facilities/Fleet Manager
Landscape Maintenance
Specifications

Document status of
vegetation and animal
activity in routine
inspection reports

Review and accept
adequacy of vegetation
management

Notify IRWD staff when
vegetation management is
complete

Repair damage to

Dam Safety Engineer shall be
involved with updates related
to dams

Refer to DSP Guideline No. 5,
Inspection Reports & Annual
Surveillance Reports, for
details on inspection reports

Operations staff

Landscape Manager

Landscape Manager Operations staff will document

in routine inspection reports

See Table 3 Repairs shall be discussed with

embankment from
vegetation or animal
activity

Dam Safety Engineer in
advance of performing the
work

5.0 Exhibits
Figure 2: Vegetation Management Notification and Review Process for IRWD’s Dams

6.0 References

6.1 Technical Manual for Dam Owners, Impacts of Plants on Earthen Dams, FEMA 532,
September 2005

6.2 Technical Manual for Dam Owners, Impacts of Animals on Earthen Dams, FEMA 473,
September 2005

6.3 Guide to Concrete Repair, Second Edition, August 2015, United States Bureau of
Reclamation

6.4 Irvine Ranch Water District Construction Manual, General Technical Specifications,

January 2022, or latest edition
6.5 Landscape Maintenance Specifications, Irvine Ranch Water District, March 11, 2021
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Figure 2: Vegetation Management Notification and

Review Process for IRWD’s Dams

Repeat based on frequency
stipulated in Landscape
Maintenance Specifications
or as identified by IRWD staff

May 2023

Landscape Contractor performs
vegetation management per IRWD’s
Landscape Maintenance Specifications

Landscape Contractor notifies IRWD
Landscape Manager when vegetation
management is complete.

IRWD Landscape Manager reviews
completed work and determines if
vegetation clearing is complete

IRWD Landscape Manager notifies Dam
Safety Engineer, Water Operations
Manager, and Recycled Water
Supervisor that vegetation management
is complete.

Operations staff documents status of
vegetation in next routine dam
inspection report.
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1.0 Purpose

The purpose of this document is to provide guidance for monitoring and responding to seismic
events that may impact Irvine Ranch Water District’s (IRWD) dams.

2.0 Definitions
Below is a summary of terms used herein that are related to this guideline.
Anatomy of an Earthquake:
Epicenter - the point on the surface directly above the focus of the earthquake.

Fault - a fracture in the rocks that makeup the earth’s crust and where
movement between two surfaces occurs during an earthquake.

Fault scarp - small step or offset on the ground surface where one side of a fault
has moved vertically with respect to the other.

Focus - also referred to as the hypocenter, is the point within the earth where
the earthquake rupture starts.

Seismic waves - an elastic wave generated by an earthquake that travels in all
directions.

Fault Scarp

Figure 1: Anatomy of an earthquake.

May 2023 Seismic Monitoring
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Magnitude - the size, or amplitude, of seismic waves recorded by a seismograph that
represents a measurement of energy released during an earthquake.

ShakeCast - A USGS online post-earthquake situational awareness application that
retrieves data from ShakeMap and distributes the data after a triggering event occurs.

ShakeMap - A USGS tool used to portray the extent of potential damage after an
earthquake event occurs.

Background

Historically, the magnitude and starting point (focus) of the earthquake was the most common
information available following an earthquake event. While the magnitude and starting point
are useful information, they offer limited insight on perceived ground motion intensities and
potential damage in the area of the event because the response can vary as seismic waves travel
through rock and soil and travel varying distances. There are multiple examples where the most
damage post a seismic event occurred farther away from the starting point, such as the 1971
Magnitude 6.7 San Ferando earthquake where the most damage occurred about 9 miles away
from the epicenter.

ShakeMap is a tool developed by United States Geological Survey (USGS) that utilizes the
network of seismic recording instruments to ground-truth the accelerations in the area of the
seismic event to then project the perceived ground motion intensity and potential damage.
ShakeMap has become the “go-to” way for understanding seismic activity.

DSOD monitors seismic activity in the area of all the jurisdictional dams in the state of California.
Historically, they responded to earthquakes with a magnitude 5.0 or greater where the
epicenter was located within 10 miles of a dam. However, DSOD recognized that a specific
magnitude earthquake at a certain distance from a dam does not entirely correlate to what
might be experienced at the dam of concern. This is largely because site geology can dampen or
amplify ground acceleration from the seismic waves at unique dam sites. Now, DSOD uses a
combination of data from ShakeCast, ShakeMap and site-specific geology to predict the
response at each dam location. Below in Figure 2 is a sample ShakeMap display and legend.

May 2023 Seismic Monitoring
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Figure 2: Example of earthquake intensity map and potential damage categories.

4.0 General Guidelines

IRWD owns, operates, and maintains six dams. Five of the dams are over 50-feet high and
considered large as defined by the International Commission of Large Dams (ICOLD). The five
large earthen embankments are regulated by the Division of Safety of Dams (DSOD). One of the
six dams is Harding Canyon Dam and is located in the Santiago Canyon. Harding Canyon Dam is
a concrete dam that is under 50-feet high, impounds a minimal amount of native runoff, and is
not regulated by DSOD.

Seismic activity can impact a variety of structures including dams. The energy released from
seismic events causes ground accelerations and can negatively impact IRWD’s dams. Impacts
may include, but are not limited to, deformation, cracks, exacerbate seepage, and liquefaction.

May 2023 Seismic Monitoring
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Given the potential damage seismic events can cause, IRWD staff monitors seismic activity and
responds if qualifying seismic events occur within a certain distance of IRWD’s dams. The
responses include visual inspection, collecting piezometer data, collecting seepage flow data,
and surveying the benchmarks on the dam. The purpose of the post-event response is to
determine if there is a changed condition that requires further response. If there is a changed
condition the Dam Safety Engineer shall be notified and an appropriate response developed.
Table 1 below describes the range of events and corresponding responses.

Table 1: Summary of Seismic Activity Response Plan

Earthquake magnitude < No response — conduct routine inspection and monitoring.

4.0 at any location

Earthquake magnitude > Once immediately following the event

4.0 where the epicenteris ¢ Review ShakeMap and determine if Intensity and Potential Damage at
within 50 miles of any of IRWD’s dams is “V” / “Very Light” or greater. If so, then

IRWD's large dams e Visually inspect dam.

e Collect and evaluate piezometer data.

e Collect and evaluate seepage flow data.
Earthquake magnitude > Once immediately following the event, and weekly (at a minimum) for
5.0 where the epicenteris | four weeks following the event
within 50 miles of any of * Review ShakeMap and determine if Intensity and Potential Damage at
IRWD’s large dams IRWD’s dams is “V” / “Very Light” or greater. If so, then

e Visually inspect dam.

¢ Collect and evaluate piezometer data.

¢ Collect and evaluate seepage flow data.

e Survey benchmarks and evaluate amount of movement.

¢ Communicate results of inspection to DSOD and coordinate DSOD

inspection.

Following a seismic event that qualifies for a post-event inspection, staff shall complete the
inspection forms included in DSP Guideline No. 5. The inspection report shall be reviewed by
Water Operations staff and the Dam Safety Engineer. The review should include an assessment
on the condition of the dam based on visual observations and collected data and a
determination of the following.

e If there are changes in the collected data from historic readings

e If there are visual changes to the dam (e.g., surface cracks, local settlement, seepage,
etc)

e Ifreview of the post-event inspection warrants the input of a Dam Engineering
Consultant

e If a dam safety issue exists

May 2023 Seismic Monitoring
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4.1 USGS & Application-Based Monitoring

Earthquakes of varying magnitude occur daily. IRWD staff monitor seismic activity using United
States Geological Survey (USGS) or applications available on devices such as QuakeFeed. Both
the USGS and application-based monitoring programs offer subscriptions to notifications. USGS
provides an Earthquake Notification Service (ENS) that allows users to create specific boundaries
on a map and establish earthquake magnitude thresholds within the boundary to receive
automatic email notifications from the ENS. The email notifications will include the ShakeMap
that shows the Intensity and Potential Damage. Similarly, the application-based programs allow
users to receive notifications for earthquake magnitude thresholds and distances relative to
where the device (i.e., smart phone, tablet) is located. The application QuakeFeed distributes
the same ShakeMaps produced by USGS with the only difference being that the QuakeFeed is
based on the location of the device (e.g., phone, tablet).

To have a consistent boundary and to have a clear understanding of who receives earthquake
notifications, IRWD developed a boundary in ENS that has approximately a 75-mile radius from
the intersection of the 5 and 405 freeways. The boundary, which is shown in the below Figure 3,
is set to automatically distribute email notifications for seismic events within the boundary that
are 3.5 magnitude or greater.

Earthquake Notification Service

My Profiles
— ,-. . o A f
+ _Santa Maria p P Add New Region
- Lompos S ancns —1 [@r| [2] [ou]
& | el My ENS Profiles

Dxnayd

DefaultWorld *
et | United States
B p o Indio |
paim Desent- Orange County Area
IRWD Seismic
Activity Response - ,
L4 >

s s .
iuana—

Lesflet | Tiles ® Esri — Esri, Delorme, NAVTEQ, TomTom, Intermap, iPC, USG5, FAD, NPS, NRCAN, GecBase, Kadaster ML, Crdnance Sur-vE}'.

Figure 2: ENS 75-mile boundary for earthquake notifications.
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The following IRWD employees are registered to receive notifications from ENS for qualifying
earthquake events within the defined boundary.

e Ken Pfister, Water Operations Manager

e Bill Wesson, Recycled Water Operations Supervisor

* Dave Crowe, Construction Services Manager

e Gus Barreto, Field Services Manager

e Colt Martin, Mechanical Services Manager

e Danielle Drake, Assistant Engineer — Dams & Storage Group

e Harry Cho, Senior Engineer — Dams & Storage Group

* Jacob Moeder, Engineering Manager — Dams & Storage Group/Dam Safety Engineer
¢ Steve Choi, Director of Safety & Security

5.0 Responsibility

Various staff are responsible for monitoring and responding to seismic activity. Table 2
summarizes the responsibilities of staff for monitoring and responding to seismic activity.

Table 2: Seismic Monitoring Responsibilities

Description of Responsibility | Responsible Party Notes
Monitor seismic activity Dam Safety Engineer, Staff monitoring seismic activity should
Water Operations staff | use both USGS (based on user defined
region) and application (based on
location of device).

Collect and distribute Water Operations staff
piezometer data post a
qualifying seismic event

Review and assess piezometer Dam Safety Engineer, Dam Safety Engineer determines if

data Water Operations staff | collected data are acceptable or if it
warrants input from dam safety experts

Survey benchmarks post a Dam Safety Engineer Dams & Storage group manages the land

qualifying seismic event surveying contract for IRWD’s dams

Review and assess survey data Dam Safety Engineer Dam Safety Engineer determines if

collected data are acceptable or if it
warrants input from dam safety experts

Communicate post seismic Dam Safety Engineer or

event inspection results to Water Operations

Executive Directors of Technical = Manager

Services and Executive Director

of Operations

Communicate post seismic Dam Safety Engineer

event inspection results to

DSOD and coordinate DSOD’s

inspection

Manage USGS ENS for IRWD’s Dam Safety Engineer

seismic monitoring boundary

May 2023 Seismic Monitoring
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6.0 References

6.1 USGS Earthquake Monitoring Website: https://earthquake.usgs.gov/

6.2 QuakeFeed App: https://www.quakefeed.com/

6.3 http://usgs.github.io/shakemap/manual4 0/index.html
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1.0 Purpose

The purpose of this document is to provide guidance for seepage and piezometer monitoring at
Irvine Ranch Water District’s (IRWD) dams.

2.0 Definitions

Below is a summary of terms used herein that are related to IRWD’s Dam Safety Program (DSP).

May 2023

Open-well Piezometer - a small diameter well used mainly to measure the pressure or
depth of groundwater. The well is typically installed in a vertical borehole and has
discrete perforated zones to monitor groundwater levels within a zone.

Piezometers - instruments used to measure the pore water pressure in the dam and
define the phreatic surface.

Phreatic Surface - the top of the water table within the dam, which is also where the
pressure head is zero.

Pneumatic Piezometer - instruments that are sealed in the borehole, embedded in fill or
suspended in a standpipe. Twin pneumatic tubes run from the piezometer instrument
to a terminal at the surface and readings are obtained with a pneumatic indicator.

Seepage Flow - the flow of water from the upstream side of the dam to the downstream
side through or beneath the embankment.

Vibrating Wire Piezometer - an instrument with a high tensile steel wire attached to a
diaphragm. The frequency of vibration in the wire induces an electrical current in a coil
and the magnitude of the current is read and converted into pressure.

Embankment
Phreatic Surface

Piezometer Well

[ Reservoir Water Level ]—l

v

Chimney Drain

Figure 1: Embankment Features Related to Seepage

Seepage & Piezometer Monitoring
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3.0

General Guidelines

All dams have some degree of seepage as water stored behind the dam seeks a path of least
resistance through the dam and its foundation. Seepage becomes a concern when it is
uncontrolled and carrying material with it. Seepage flows that carry materials can overtime lead
to erosion of the dam or its foundation and lead to compromising the integrity of the dam.
Seepage, and specifically the phreatic surface, can impact the stability of the embankment if the
water level through the embankment is elevated and saturated material strengths are reduced.

IRWD’s seepage monitoring includes collecting, reviewing, and assessing information from three
components of its earthen dams and then responding to the gathered information. Staff
monitors the phreatic surface and seepage flow patterns with piezometers, seepage flow from
subdrains, and sediment transportation in seepage vaults. In addition to monitoring the
reservoir water level, the gathered information can collectively or individually inform staff on
the performance of the dam. The response could include recording and filing the information,
additional monitoring, field investigation, engineering analysis, or emergency response.
Seepage monitoring includes piezometer monitoring, seepage flow monitoring, and sediment
accumulation monitoring. The three areas and how IRWD monitors are summarized below.

3.1 Piezometer Monitoring

Piezometers are used to monitoring the phreatic surface through the earthen embankment.
Table 1 below summarize the quantity, type, and location of piezometer instruments.

Table 1: Summary of Piezometers

Open-Well Vibrating
Wire
San Joaquin 14 8 20

Sand Canyon 11 7
Syphon 4 8
Rattlesnake 16 1
0
0

34
18
12
16
22

Santiago Creek 22
Harding Canyon 0
Total 61 21 20 102

o O o oo

In 2022, IRWD contracted with Genterra Consultants, Inc. (Genterra) to develop piezometer,
seepage flow, and movement thresholds and action levels for San Joaquin Dam, Sand Canyon
Dam, and Rattlesnake Dam. Syphon Dam was excluded from the analysis since at the time of
conducting the analysis the reservoir was drained and planned to remain drained until Syphon
Dam was completely replaced. GEI Consultants, Inc. (GEI) developed the thresholds and action
levels for Santiago Creek Dam, which is listed as Reference 6.4.

May 2023 Seepage & Piezometer Monitoring
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Genterra’s approach to developing thresholds and action levels for piezometers includes
reviewing historic performance, past reports, statistical analysis of piezometer readings with
reservoir water levels. Genterra developed four alarm levels that offer predefined guidance for
responses depending on each instrument reading. Though suggested responses are offered,
other responses may include, and are not limited to, reviewing existing studies such as stability
analysis, implementing a corrective action, or implementing interim risk reduction measures.

GEl utilized a different approach to establishing thresholds and action levels and instead of using
statistical analysis they focused primarily on the stability analysis that GEI prepared in 2022,
which assumed a certain phreatic surface. GEI's end product included two levels (threshold and
action) that are considered when reading piezometers.

To maintain consistency throughout this guideline, IRWD’s dam safety program utilizes the four-
level alarm system for piezometer and seepage monitoring. The alarm levels are integrated into
piezometer readings for San Joaquin Dam, Sand Canyon Dam, and Rattlesnake, and will be
integrated into the other dams in the future at the appropriate time. The alarm levels and
responses are described in Table 2 below.

Table 2: Alarm Levels and Response Plan for Piezometers and Seepage Flows for
San Joaquin Dam, Sand Canyon Dam, and Rattlesnake Dam

Level | Observations and measurements ¢ No immediate action required.
Green Alarm  from monitoring indicate » Continue routine inspection, monitoring, and
Normal expected and acceptable values. maintenance program.
Level Il * For piezometers, readings are  * Review the data for reliability. Staff should take
Yellow Alarm outside of expected range set an additional two readings to confirm that the
Out of Range by upper band and lower band, reading was initially taken is not an erroneous
but within and up to 1 foot of reading.
established bands. « If additional readings confirm that the original
e For seepage flow, values that reading is correct, then perform close visual
exceed historic maximums or inspection of the area that correlates with the
above the upper band value if reading.
it is established with adequate ¢ Inform Dam Safety Engineer.
historical data. » Determine if additional monitoring is required.
May 2023 Seepage & Piezometer Monitoring
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Table 2: Alarm Levels and Response Plan for Piezometers and Seepage Flows for

San Joaquin Dam, Sand Canyon Dam, and Rattlesnake Dam

Level IlI ¢ For piezometers, readings are ¢ Staff should take additional readings to confirm
Orange Alarm outside of expected range set that the reading was initially taken is not an
Increased by upper band and lower band, erroneous reading.
Surveillance but within and up to 1 footto 3 e If the additional readings confirm that the original
Alarm feet from established bands. reading is correct, then staff should start to
e For seepage flow, values that perform an increased frequency of close visual
exceed historic maximums or inspections of the area and take more frequent
above the upper band value if readings to determine rate of increase or
it is established with adequate decrease, if any, for evaluation by the Dam Safety
historical data, and seepage Engineer.
flow carries sediments and e If work is occurring in affected area, direct all
appears cloudy. work to cease.
¢ Inform parties involved with dam safety program
if alarm level is consistent.
¢ If needed, engage the involvement of Dam
Engineering Consultant to confirm the severity.
e Determine if a dam safety risk exists.

3.1.1 San Joaquin Dam, Sand Canyon Dam, and Rattlesnake Dam Piezometer

Thresholds and Action Levels

The piezometer thresholds and action levels are based on reservoir water levels,
historical readings, and statistical analysis. The specific methodology is described in the

May 2023 Seepage & Piezometer Monitoring
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3.2

three separate technical memoranda that Genterra prepared in 2023 for San Joaquin
Dam, Sand Canyon Dam, and Rattlesnake Dam. The reports are included as Reference
6.1, 6.2, and 6.3. The dynamic alarm levels are integrated into an excel file that Water
Operations manages to historize piezometer readings. Once Water Operations staff
collect the piezometer data, the readings are entered into the alarm levels spreadsheet
to determine if the readings are within the expected range and if immediate re-readings
are warranted based on the identified alarm level. Alarms from Level | to Level IV are
generated based on the existing reservoir water level, piezometer reading, and historic
readings with corresponding guidance for potential responses.

3.1.2 Santiago Creek Dam Piezometer Thresholds and Action Levels

To be updated upon completion of Santiago Creek Dam Cracking Study.

3.1.3 Syphon Dam Piezometer Thresholds and Action Levels

To be updated near the completion of Syphon Dam construction.

Seepage Monitoring

Staff monitors seepage flow at San Joaquin Dam, Sand Canyon Dam, and Rattlesnake Dam.
Consistent seepage monitoring is an important part of IRWD’s DSP as it provides early

information on internal erosion, performance of filter drains, and changes in the overall dam
performance. Seepage flowrates in conjunction with piezometer data helps develop an
understanding of flow path through the embankment and can help identify areas to focus when

troubleshooting a concern. Table 3 below summarizes the quantity of seepage monitoring
locations at each dam and the quantity of subdrain systems monitored. The Annual Surveillance
Report for each dam describes the seepage monitoring locations and historic range of flows.

Seepage flow rates are recorded and distributed monthly by Water Operations and reviewed by
Water Operations, Dam Safety Engineer, and the Dam Engineering Consultant.

May 2023
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Table 3: Summary of Seepage Monitoring Locations
Quantity of Quantity of

Monitoring Monitored
Locations Subdrains
San Joaquin 4 8 Locations identified as East Drain, West Drain,
Filter Drain, Upstream Collector Drain No. 1,
Upstream Collector Drain No. 2, Downstream
Toe Drain, Right Groin Drain, and Floor Drain.
Sand Canyon 1 2 A Left Subdrain was installed soon after
construction when seepage was discovered
after initial filling. In 1976, the Right Subdrain

was added.
Syphon 1 1 It is unknown where the seepage originates,
but it flows when water is in the reservoir.
Rattlesnake 2 8 e FP-2, FP-3, and FP-4 collect seepage from

chimney drain within the dam.

e FP-2, FP-3, FP-4, FP-5, FP-8, and FP-11 are
monitored in the Seepage Vault.

* FP-1 North and FP-1 South are read in
Manhole No. 1 about 600-ft downstream of
Seepage Vault.

Santiago Creek 0 0
Harding Canyon 0 0
Total 8 19

Similar to the piezometer monitoring, the seepage flow rate corresponds with reservoir level
and is described in the technical memoranda included as references 6.1, 6.2, and 6.3 for San
Joaquin Dam, Sand Canyon Dam, and Rattlesnake Dam respectively. The alarm levels were
developed based on historic seepage flow rates at various monitoring locations. These alarms
are integrated into an excel file that Water Operations manages to historize seepage flow rate
readings.

3.3 Sediment Monitoring

Sediment monitoring is also an important part of IRWD’s DSP because it can provide information
as to the amount of internal erosion and possibly where in the embankment the erosion is
occurring. IRWD monitors sediment accumulation at all flow monitoring points when sediment
accumulation is observed. Once the wet sediment samples are collected, they are dried, and
the dried weight is recorded. Significant increase in sediment accumulations are flagged and
discussed with Water Operations, Dam Safety Engineer, and as needed Dam Engineering
Consultant.

4.0 Responsibility

Various staff are responsible for seepage and piezometer monitoring activity. Table 4
summarizes the responsibilities of staff for the monitoring activity.

May 2023 Seepage & Piezometer Monitoring
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Table 4: Seepage & Piezometer Activity Management Responsibilities

Description of Responsible Party
Responsibility

Collect, record, and
distribute piezometer data
Review piezometer data

Collect, record, and
distribute seepage flow
rates

Review seepage flow rates

Collect, process, record
and distribute sediment
accumulation data
Review sediment
accumulation data

Water Operations Staff

Water Operations Staff, Dam
Safety Engineer, Dam
Engineering Consultant
Water Operations Staff

Water Operations Staff, Dam
Safety Engineer, Dam
Engineering Consultant
Water Operations Staff

Water Operations Staff, Dam
Safety Engineer, Dam
Engineering Consultant

Occurs monthly

Occurs monthly

Occurs monthly

Occurs monthly

Occurs monthly (less frequent if
sediment accumulation is not
observed)

Occurs monthly

5.0 Exhibits
5.1 GEl, “Site and Instrumentation Plan for San Joaquin Dam”, September 2022.
5.2 GEl, “Site and Instrumentation Plan for Sand Canyon Dam”, September 2022.
53 GEl, “Site and Instrumentation Plan for Syphon Dam”, September 2022.
5.4 GEl, “Site and Instrumentation Plan for Rattlesnake Dam”, September 2022.
5.5 GEl, “Site and Instrumentation Plan for Santiago Creek Dam”, September 2022.
6.0 References
6.1 Genterra, “Technical Memorandum ldentification of Instrumentation Thresholds and
Action Levels at San Joaquin Dam”, January 13, 2023.
6.2 Genterra, “Technical Memorandum ldentification of Instrumentation Thresholds and
Action Levels at Sand Canyon Dam”, March 24, 2023.
6.3 Genterra, “Technical Memorandum Identification of Instrumentation Thresholds and
Action Levels at Rattlesnake Dam”, March 22, 2023.
6.4 GEl, “Instrumentation Evaluation and Upgrade Recommendation”, October 31, 2022.
May 2023 Seepage & Piezometer Monitoring
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(3) QUESTIONABLE READINGS ARE NOT SHOWN
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SEE NOTE 2

— 850

DAM CREST
R | =———PROJECTED 90 FEET EAST
SEE NOTE 2
[T ] ELEV. 791.9
N —— 800
|_
R-5 ﬁ
Zz
THE MAX. & MIN. MEASURED 1 L 750 2
LEVELS SHOW A LARGE N PROJECTED 153 ,9
FLUCUATION DUE TO FEET EAST <
% UPPER WATER INTRODUCED TO w
A 4 CLEAN PIEZOMETER N\ o
A 4 No. 5 |
UPPER
MlDDLE? | T SHELL MATERIAL A ] 1 7o
1 UPPER
v =
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Annual Surveillance Report from Jan. 2021 to Dec. 2021 @
Santlagg Creek Dam SECTION B-B'
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NOT TO SCALE Irvine Ranch Water District Consultants
Irvine, CA Project 1901888 | September 2022 Fig. 1C
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Irvine Ranch

Dam Safety Program
Guideline No. 5 — Inspection Reports &

Water District Annual Surveillance Reports
1.0 Purpose

2.0

3.0

The purpose of this document is to provide guidance for dam safety Inspection Reports and
Annual Surveillance Reports.

Definitions

Below is a summary of terms used herein that are related to Irvine Ranch Water District’s
(IRWD’s) Dam Safety Program (DSP).

Annual Surveillance Report - this document is prepared once a year by the Dam
Engineering Consultant and includes a comprehensive review of past surveillance
reports, a compilation of field measurements, observations, and conclusions related to
the general condition and safety of the dam.

DSOD Inspection Reports - this document is completed by Division of Safety of Dams
(DSOD) and documents observations, recommendations, or requests for action and are
typically completed on an annual basis shortly after DSOD’s annual inspection.

Event Driven Inspection Report - Event driven inspections include completing the
Inspection Report based on a triggering event in accordance with IRWD’s DSP
Guidelines.

Inspection Report - this document, which is completed by IRWD on a monthly basis, is a
documenting tool used to identify and record conditions of the dam and track the
condition overtime.

Reports - in this guideline, “Reports” collectively refers to Annual Surveillance Reports,
DSOD Inspection Reports, and Inspection Reports.

General Guidelines

There are three primary reporting tools that are used to monitor and track the performance of
dams. The three reports include Inspection Reports, Annual Surveillance Reports, and DSOD
Inspection Reports. These reports are considered part of routine dam safety activities and
exclude special studies that are considered part of non-routine dam safety activities. Each
reporting mechanism provides different degrees of inspection, frequency, perspective, and
identification of action items. At times, the observations and action items can overlap between
the three different reports. The below further explains the three different reporting tools.

3.1 Inspection Reports

IRWD has dam safety Inspection Reports for each of its large earthen embankment dams. The
Inspection Reports include components of the dam that are routinely inspected, and the
condition of the component is tracked overtime to 1) document the potential change in
condition, and 2) ensure areas of concern are addressed. The reports, which may be in the form
of paper-based or electronic-based, include meaningful dam components such as, but not

May 2023 Inspection Reports & Annual Surveillance Reports
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limited to, the abutments, dam crest, toe of dam, upstream side of the dam, and downstream
side of the dam. The distinct and separate areas are visually represented on an exhibit for each
Inspection Report to ensure the person performing the inspection is reviewing the area that
corresponds with the correct dam component. Also, prior to conducting inspections, personnel
are trained on how to complete the reports in accordance with DSP Guideline No. 1. The
prompts for inspection and the pre-described ranking (i.e., 1, 2, and 3) correspond with the
specific inspection item to review. This disciplined Inspection Report structure is intended to
promote consistency in the item reviewed with each Inspection Report to gain an appreciable
comparison with each completed inspection. The ranking system allows the reviewer to track
the issue overtime to confirm the identified area of concern is being addressed. Water
Operations staff, who completes the Inspection Reports, is encouraged to rotate to provide a
fresh perspective on the visual observations.

IRWD’s DSP Guideline No. 3, Seismic Monitoring, describes the seismic events that trigger an
Event Driven Inspection Report that is outside the normal routine. Storm events that trigger the
need to complete the Inspection Report outside the normal routine include activation of the
emergency spillway, or a significant rain event.

The reporting template is updated as needed to improve clarity or to account for changing dam
features. The sample paper-based Inspection Reports for each dam are included as Exhibit 5.1
to 5.5.

3.2 Annual Surveillance Reports

DSOD requires dam owners to complete and submit Annual Surveillance Reports every calendar
year. At times, DSOD’s annual inspection coincides with the Dam Engineering Consultant’s
inspection that is part of completing the Annual Surveillance Report. Generally, the annual
inspections occur at different times each year to provide a new perspective on the dam since
water levels fluctuate seasonally.

Since the condition of dams can slowly change over time, the Annual Surveillance Report is an
excellent tool to understand the performance over an extended period of time and potentially
identify areas of concern that could be otherwise overlooked with review of individual
Inspection Reports. IRWD utilizes a Dam Engineering Consultant to prepare and complete the
Annual Surveillance Report and is encouraged to consider occasionally rotate through
consultants or staff preparing the report to provide a fresh perspective.

As part of the Annual Surveillance Report preparation, the Dam Engineering Consultant also
receives the monthly instrumentation readings to provide a 3" party review and interpretation
of the dam performance.

33 DSOD Inspection Reports

DSOD conducts their own independent annual inspection at IRWD’s jurisdictional dams. The
inspections include a review of all the dam components (e.g., embankment, spillway, outlet,

May 2023 Inspection Reports & Annual Surveillance Reports
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4.0

instrumentation, etc), and documents observations, recommendations, and action items. At
times, the DSOD Inspection Report may list deadlines for completing action items.

Responsibility

Various staff are responsible for completing activities related to the Inspection Reports and
Annual Surveillance Reports. Table 2 summarizes the responsibilities of staff.

Table 2: Responsibilities for Inspection Reports & Annual Surveillance Reports

Description of Responsible Party Frequency/Notes
Responsibility

Complete and distribute
routine dam safety Inspection
Report

Complete and distribute event
driven Inspection Report

Review completed routine
dam safety Inspection Report

Review completed Event
Driven Inspection Report
Retain and file the completed
routine and event driven
Inspection Report

Historize and review reporting
trends

Determine if a significant rain
event warrants an Event
Driven Inspection Report
Manage preparation and
completion of Annual
Surveillance Reports

Review Annual Surveillance
Reports

Coordinate DSOD inspections
Transmit Annual Surveillance
Report to DSOD

Manage revisions to
Inspection Report template

May 2023

Water Operations Staff

Water Operations Staff

Water Operations Staff, Dam
Safety Engineer, Landscape
Manager

Water Operations Staff, Dam
Safety Engineer

Dam Safety Engineer

Dam Safety Engineer

Water Operations Staff, Dam
Safety Engineer

Dam Safety Engineer

Water Operations Manager, Dam

Safety Engineer, Executive

Director of Technical Services,
Executive Director of Operations

Dam Safety Engineer
Dam Safety Engineer

Dam Safety Engineer

Monthly

¢ For seismic events, complete in
accordance with DSP Guideline
No. 3.

* For rain events, complete at a
minimum when prior to
activating Emergency Action
Plan (EAP) for high flow
condition.

Monthly

As needed

Official copy filed in Webdocs
and Dam Inventory and Records
Tool (DIRT)

Monthly

As needed
Dam Safety Engineer manages

Dam Engineering Consultant
contract for completing report

Inspection Reports & Annual Surveillance Reports
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Tracks, prioritizes, and Dam Safety Engineer
ensures completion of action
items identified in Reports

5.0 Exhibits
5.1 San Joaquin Dam Safety Inspection Report
5.2 Sand Canyon Dam Safety Inspection Report
53 Syphon Dam Safety Inspection Report
5.4 Rattlesnake Dam Safety Inspection Report
5.5 Santiago Creek Dam Safety Inspection Report
May 2023

The Dam Safety Engineer has
primary responsibility for tracking
all items and ensuring the
appropriate IRWD Departments
are completing the action items

Inspection Reports & Annual Surveillance Reports
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Inspector(s):

San Joaquin Dam Safety Inspection Report

Inspection Date:

Weather Conditions:

Reason for Inspection:

Additional Comments:

Section 1: Visual Observations

1. Reservoir and Liner

Rain Gauge Reading:
Routine/Monthly (1 Periodic [J Event-Driven [J Photos Taken: [ NO [JYES
Assigned
e : z ;

1.1 Assessment of the reservoir
area and visible watershed

No signs of erosion, sloughing, or
leaned or fallen trees observed in
the watershed upstream of the
embankment.

Areas of minor erosion, sloughing, or
leaned or fallen trees which do not
impact the reservoir or storage but
could pose a hazard to the reservoir
or storage volume in time.

Erosion, sloughing, or landslides within
the upstream watershed that have
impacted the reservoir or storage
volume.

1.2 Reservoir liner (vegetation)

Liner is free of vegetation and
weeds such that the face of the liner
is clearly visible from the
established inspection routes. No
woody vegetation observed.

Vegetation or weeds which impedes
up to 25% of the visual inspection of
the liner and limits observation of the
liner from the established inspection
routes or woody vegetation is
observed.

Vegetation which impedes greater than
25% of the visual inspection of the liner
and limits observation of the liner from
the established inspection routes.

1.3 Reservoir liner (structural)

No signs of structural distress
(settlement, erosion, damage to the
concrete).

Potential signs of structural distress
(settlement, erosion, damage to the
concrete).

Signs of structural distress (settlement,
erosion, damage to the concrete).

1.4 Reservoir liner (settlement,
sinkholes, or other depressions)

No sinkholes, depressions, or
settlement observed.

Sinkhole, depression, or vertical
settlement 6 inches or less in depth
and less than 3 feet in diameter
observed.

Sinkhole, depression, or vertical
settlement greater than 6 inches in depth
or greater than 3 feet in diameter
observed.

1.5 Reservoir liner (seepage)

No evidence of damp areas or
visible seepage.

Damp areas or seepage with clear
water indicating no sediment
transport through the liner.

Damp areas or seepage with cloudy
water indicating sediment transport
through the liner.

1.6 Reservoir inlet structure

No signs of structural distress

Potential signs of structural distress.

Signs of structural distress.

1
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2.1 Cracking

No cracks or minor surficial cracks
less than 4" wide that have no
observable pattern indicative of
slope movement or failure.

Cracking greater than 4" wide along
the embankment crest, or along the
alignment of pipes which may
indicate a new or progressing
instability of the embankment.

Cracking greater than 4" wide that is
progressing or changing along the
embankment crest, or along the
alignment of pipes that may indicate an
active instability of the embankment.

2.2 Vegetation

Liner is free of weeds and trash. No
shrubs or trees observed growing in
the liner.

Weeds or trash observed on the
liner.

Shrubs or trees growing in the liner.

2.3 Spillway inlet (structural)

No signs of structural distress
(settlement, erosion, damage to the
concrete, corrosion on the grate).

Potential signs of structural distress
(settlement, erosion, damage to the
concrete, corrosion on the grate).

Signs of structural distress (settlement,
erosion, damage to the concrete,
corrosion on the grate).

2.4 Spillway inlet (flow)

Inlet is clear of debris that would
inhibit flow.

Inlet is blocked by debris, but the
blockage is likely to be washed away
in a high flow event.

Inlet may become blocked such that flow
capacity would be impeded during a high
flow event or greater than 25% of the
spillway could be blocked by vegetation
or other obstructions. Woody vegetation
is observed.

2.5 Animal burrows or other
damage from wildlife

No evidence of animal burrows or
other damage caused by wildlife
observed. Animal deterrent boxes
are filled with poison.

Animal burrows less than 6 inches in
depth anywhere on the slope of the
embankment without visible signs of
seepage, or embankment distress
(e.g., cracking slumping, settlement).
Animal deterrent boxes are lacking
poison.

Animal burrows greater than 6 inches in
depth observed anywhere on the slope
of the embankment or animal burrows
are observed with visible signs of
seepage, or embankment distress (e.g.,
cracking slumping, settlement).

March 2023
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San Joaquin Dam Safety Inspection Report

3. Downstream
Embankment, Upper
Section

Assigned
Value

No evidence of damp areas,
seepage, or areas which are

Damp areas, seepage, or areas which
are significantly “greener” or have

Damp areas, seepage, or areas which are
significantly “greener” or have flourishing

pattern indicative of slope
movement or failure.

or progressing instability of the
embankment.

3.1 Seepage significantly “greener” or flourishing vegetation and clear water vegetation and cloudy water indicating
A . indicating no sediment transport .
have flourishing vegetation. sediment transport through the embankment.
through the embankment.
No cracks or minor surficial Cracking greater than %" wide along Cracking greater than 4" wide that is
cracks less than ” wide the embankment crest, or along the progressing or changing along the
3.2 Cracking that have no observable alignment of pipes which indicate a new | embankment crest, or along the alignment of

pipes indicating an active instability of the
embankment.

3.3 Settlement, sinkholes, or
other depressions (enhanced
risk along pipe alignments)

No sinkholes, depressions,
or settlement observed.

Dry sinkhole, depression, or vertical
settlement 6 inches or less in depth and
less than 3 feet in diameter observed.

Dry sinkhole, depression, or vertical
settlement greater than 6 inches in depth or
greater than 3 feet in diameter observed or
any sinkhole, depression, or vertical
settlement which has moisture, seepage, or
flow present.

3.4 Sliding, sloughing, or bulging
(other slope movements)

No evidence of sliding,
sloughing, or bulging.

Evidence of sliding, sloughing, or
bulging that does not involve the entire
downstream slope of the embankment.

Evidence of sliding, sloughing, or bulging
which involves the entire slope of the
embankment from crest to toe.

3.5 Surface erosion

No erosion observed on the
embankment.

Areas of minor erosion observed along
downstream slope of the embankment
less than 6 inches deep and less than 1
foot wide.

Erosion of the downstream face or the
embankment which is greater than 6 inches
deep or greater than 1 foot wide or that has
the potential to back cut into the crest of the
embankment.

3.6 Vegetation

Weeds or grasses are
maintained at 6 inches in
height or less. No woody
vegetation observed.
Embankment is free of
vegetation such that the
face of the embankment is
clearly visible from the
established inspection
routes.

Weeds or grasses are greater than 6
inches in height. Vegetation which
impedes up to 25% of the visual
inspection of the embankment and
limits observation of the embankment
from the established inspection routes
or woody vegetation is observed.

Vegetation which impedes greater than 25%
of the visual inspection of the embankment
and limits observation of the embankment
from the established inspection routes.

3.7 Animal burrows or other
damage from wildlife

No evidence of animal
burrows or other damage
caused by wildlife observed.
Animal deterrent boxes are
filled with poison.

Animal burrows less than 6 inches in
depth anywhere on the slope of the
embankment without visible signs of
seepage, or embankment distress (e.g.,
cracking slumping, settlement). Animal
deterrent boxes are lacking poison.

Animal burrows greater than 6 inches in depth
observed anywhere on the slope of the

embankment or animal burrows are observed
with visible signs of seepage, or embankment
distress (e.g., cracking slumping, settlement).

March 2023
59/191




San Joaquin Dam Safety Inspection Report

Irvine Ranch
o

= Water District

No evidence of damp areas,
seepage, or areas which are

Damp areas, seepage, or areas which
are significantly “greener” or have

Damp areas, seepage, or areas which are
significantly “greener” or have flourishing

4.1 Seepage significantly “greener” or if:]odtigzt?:]ng n‘fgg&?ﬂ?&f tr:g ncslee;:twater vegetation and cloudy water indicating
have flourishing vegetation. through '?he abutment p sediment transport through the abutment.
No cracks or minor surficial
cracks less than 4" wide Cracking greater than %4” wide along . P .

4.2 Cracking that have no observable the abutment, which indicate a new or Cracking greater than %" wide that is

pattern indicative of slope
movement or failure.

progressing instability of the abutment.

progressing or changing along the abutment.

4.3 Settlement, sinkholes, or
other depressions (enhanced
risk along pipe alignments)

No sinkholes, depressions,
or settlement observed.

Dry sinkhole, depression, or vertical
settlement 6 inches or less in depth and
less than 3 feet in diameter observed.

Dry sinkhole, depression, or vertical
settlement greater than 6 inches in depth or
greater than 3 feet in diameter observed or
any sinkhole, depression, or vertical
settlement which has moisture, seepage, or
flow present.

4.4 Sliding, sloughing, or bulging
(other slope movements)

No evidence of sliding,
sloughing, or bulging.

Evidence of sliding, sloughing, or
bulging that does not involve the entire
slope of the abutment and may be
observed after periods of heavy rain
which saturate the upper surface of the
abutment.

Evidence of sliding, sloughing, or bulging
which involves the entire slope of the
abutment from crest to toe, indicating a large
instability of the abutment.

4.5 Surface erosion

No erosion observed on the
abutment.

Areas of minor erosion observed along
the abutment less than 6 inches deep
and less than 1 foot wide.

Erosion of the abutment which is greater than
6 inches deep or greater than 1 foot wide or
that has the potential to back cut into the crest
of the embankment.

4.6 Abutment drains

No debris or vegetation
observed in the abutment
drain.

Debris and vegetation obstructing less
than half of the capacity in the abutment
drain. Debris observed will wash away
in an event where half of the capacity of
the drain is required.

Significant debris or vegetation is present in
the abutment drain that could significantly
compromise the performance of the abutment
drain.

4.7 Animal burrows or other
damage from wildlife

No evidence of animal
burrows or other damage
caused by wildlife observed.
Animal deterrent boxes are
filled with poison.

Animal burrows less than 6 inches in
depth anywhere on the slope of the
embankment without visible signs of
seepage, or embankment distress (e.g.,
cracking slumping, settlement). Animal
deterrent boxes are lacking poison.

Animal burrows greater than 6 inches in depth
observed anywhere on the slope of the

embankment or animal burrows are observed
with visible signs of seepage, or embankment
distress (e.g., cracking slumping, settlement).
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5. Dam Crest and Inlet
Structure, Right Side

Assigned
Value

1

2

3

5.1 Cracking

No cracks or minor surficial
cracks less than ¥4” wide
that have no observable
pattern indicative of slope
movement or failure.

Cracking greater than 4" wide along the
embankment crest, or along the
alignment of pipes which indicate a new
or progressing instability of the
embankment.

Cracking greater than 4" wide that is
progressing or changing along the
embankment crest, or along the alignment of
pipes indicating an active instability of the
embankment.

5.2 Vegetation

Liner is free of weeds and
trash. No shrubs or trees
observed growing in the
liner.

Weeds or trash observed on the liner.

Shrubs or trees growing in the liner.

5.3 Spillway inlet (structural)

Visible inlet structure does
not show signs of distress
including settlement, or
erosion at the base of the
structure. No signs of
damage to the concrete
base and the steel cage
shows no signs of
corrosion.

2 inches or less of settlement or erosion
around the concrete base observed.
Concrete base has limited spalling or
cracking. Steel cage shows signs of
localized corrosion.

Greater than 2 inches of settlement or erosion
around the concrete base observed. Concrete
base has widespread spalling or cracking.
Steel cage shows signs of widespread
corrosion.

5.4 Spillway inlet (flow)

Inlet is clear of debris that
would inhibit flow.

Inlet is blocked by debris, but the
blockage is likely to be washed away in a
high flow event.

Inlet may become blocked such that flow
capacity would be impeded during a high flow
event or greater than 25% of the spillway
could be blocked by vegetation or other
obstructions. Woody vegetation is observed.

5.5 Animal burrows or other
damage from wildlife

No evidence of animal
burrows or other damage
caused by wildlife
observed. Animal deterrent
boxes are filled with
poison.

Animal burrows less than 6 inches in
depth anywhere on the slope of the
embankment without visible signs of
seepage, or embankment distress (e.g.,
cracking slumping, settlement). Animal
deterrent boxes are lacking poison.

Animal burrows greater than 6 inches in depth
observed anywhere on the slope of the

embankment or animal burrows are observed
with visible signs of seepage, or embankment
distress (e.g., cracking slumping, settlement).
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6. Downstream
Embankment, Middle
Section

Assigned
Value

No evidence of damp
areas, seepage, or areas

Damp areas, seepage, or areas which
are significantly “greener” or have

Damp areas, seepage, or areas which are
significantly “greener” or have flourishing

6.1 Seepage )‘NhICh are significantly floqushlng vegetation and clear water vegetation and cloudy water indicating
greener” or have indicating no sediment transport through )
s . sediment transport through the embankment.
flourishing vegetation. the embankment.
No cracks or minor surficial | Cracking greater than 4" wide along the Cracking greater than 4" wide that is
cracks less than 4” wide embankment crest, or along the progressing or changing along the
6.2 Cracking that have no observable alignment of pipes which indicate a new embankment crest, or along the alignment of

pattern indicative of slope
movement or failure.

or progressing instability of the
embankment.

pipes indicating an active instability of the
embankment.

6.3 Settlement, sinkholes, or
other depressions (enhanced
risk along pipe alignments)

No sinkholes, depressions,
or settlement observed.

Dry sinkhole, depression, or vertical
settlement 6 inches or less in depth and
less than 3 feet in diameter observed.

Dry sinkhole, depression, or vertical
settlement greater than 6 inches in depth or
greater than 3 feet in diameter observed or
any sinkhole, depression, or vertical
settlement which has moisture, seepage, or
flow present.

6.4 Sliding, sloughing, or bulging
(other slope movements)

No evidence of sliding,
sloughing, or bulging.

Evidence of sliding, sloughing, or bulging
that does not involve the entire
downstream slope of the embankment
and may be observed after periods of
heavy rain which saturate the upper
surface of the embankment.

Evidence of sliding, sloughing, or bulging
which involves the entire slope of the
embankment from crest to toe, indicating a
large instability of the embankment.

6.5 Surface erosion

No erosion observed on
the embankment.

Areas of minor erosion observed along
downstream slope of the embankment
less than 6 inches deep and less than 1
foot wide.

Erosion of the downstream face or the
embankment which is greater than 6 inches
deep or greater than 1 foot wide or that has
the potential to back cut into the crest of the
embankment.

6.6 Vegetation

Weeds or grasses are
maintained at 6 inches in
height or less. No woody
vegetation observed.
Embankment is free of
vegetation such that the
face of the embankment is
clearly visible from the
established inspection
routes.

Weeds or grasses are greater than 6
inches in height. Vegetation which
impedes up to 25% of the visual
inspection of the embankment and limits
observation of the embankment from the
established inspection routes or woody
vegetation is observed.

Vegetation which impedes greater than 25%
of the visual inspection of the embankment
and limits observation of the embankment
from the established inspection routes.

6.7 Animal burrows or other
damage from wildlife

No evidence of animal
burrows or other damage
caused by wildlife
observed. Animal deterrent
boxes are filled with
poison.

Animal burrows less than 6 inches in
depth anywhere on the slope of the
embankment without visible signs of
seepage, or embankment distress (e.g.,
cracking slumping, settlement). Animal
deterrent boxes are lacking poison.

Animal burrows greater than 6 inches in depth
observed anywhere on the slope of the

embankment or animal burrows are observed
with visible signs of seepage, or embankment
distress (e.g., cracking slumping, settlement).
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No evidence of damp areas,
seepage, or areas which are

Damp areas, seepage, or areas which are
significantly “greener” or have flourishing

San Joaquin Dam Safety Inspection Report

Damp areas, seepage, or areas which
are significantly “greener” or have

indicative of slope movement
or failure.

7.1 Seepage significantly “greener” or have | vegetation and clear water indicating no {L%?Q;{i‘;ngs\;%?;tg::?; ;?Sd g:?ltjﬁr):)rjvaﬁrhe
flourishing vegetation. sediment transport through the abutment. abutmen% P 9
No cracks or m|n10r"su_rf|C|aI Cracking greater than %" wide along the Cracking greater than 4" wide that is
cracks less than 74" wide that abutment, or in a horseshoe shape on the rogressing or changing along the

7.2 Cracking have no observable pattern : P prog 9 ging a‘ong

abutment slope, which indicate a new or
progressing instability of the abutment.

abutment, or in a horseshoe shape on
the abutment slope.

7.3 Settlement, sinkholes, or
other depressions (enhanced
risk along pipe alignments)

No sinkholes, depressions, or
settlement observed.

Dry sinkhole, depression, or vertical
settlement 6 inches or less in depth and
less than 3 feet in diameter observed.

Dry sinkhole, depression, or vertical
settlement greater than 6 inches in depth
or greater than 3 feet in diameter
observed or any sinkhole, depression, or
vertical settlement which has moisture,
seepage, or flow present.

7.4 Sliding, sloughing, or bulging
(other slope movements)

No evidence of sliding,
sloughing, or bulging.

Evidence of sliding, sloughing, or bulging
that is small, shallow, or does not involve
the entire slope of the abutment and may
be observed after periods of heavy rain
which saturate the upper surface of the
abutment.

Evidence of sliding, sloughing, or bulging
which involves the entire slope of the
abutment from crest to toe, indicating a
large instability of the abutment.

7.5 Surface erosion

No erosion observed on the
abutment.

Areas of minor erosion observed along the
abutment less than 6 inches deep and less
than 1 foot wide.

Erosion of the abutment which is greater
than 6 inches deep or greater than 1 foot
wide or that has the potential to back cut
into the crest of the embankment.

7.6 Abutment drains

No debris or vegetation
observed in the abutment
drain.

Debris and vegetation obstructing less than
% of the capacity in the abutment drain.
Debris observed will wash away in an event
where half of the capacity of the drain is
required.

Significant debris or vegetation is present
in the abutment drain that could
significantly compromise the
performance of the abutment drain.

7.7 Animal burrows or other
damage from wildlife

No evidence of animal
burrows or other damage
caused by wildlife observed.
Animal deterrent boxes are
filled with poison.

Animal burrows less than 6 inches in depth
anywhere on the slope of the embankment
without visible signs of seepage, or
embankment distress (e.g., cracking
slumping, settlement). Animal deterrent
boxes are lacking poison.

Animal burrows greater than 6 inches in
depth observed anywhere on the slope
of the embankment or animal burrows
are observed with visible signs of
seepage, or embankment distress (e.g.,
cracking slumping, settlement).
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8. Downstream

indicative of slope movement
or failure.

Assigned

Embankment, Lower Valus. 1 2 3

Section
No evidence of damp areas Damp areas, seepage, or areas which are Damp areas, seepage, or areas which
seepade. or areas wrf)ﬂch aré significantly “greener” or have flourishing are significantly “greener” or have

8.1 Seepage i nri)figar;tl “qreener” or have vegetation and clear water indicating no flourishing vegetation and cloudy water
ﬂc?urishin )\//egetation sediment transport through the indicating sediment transport through the

gved ) embankment. embankment.

No cracks or minor surficial . s Cracking greater than 4" wide that is
cracks less than 4" wide that gsggél%%rﬁaéféga; gionWIdtﬁ:gri]gntr?]gnt progressing or changing along the

8.2 Cracking have no observable pattern ' 9 g embankment crest, or along the

of pipes which indicate a new or
progressing instability of the embankment.

alignment of pipes indicating an active
instability of the embankment.

8.3 Settlement, sinkholes, or
other depressions (enhanced
risk along pipe alignments)

No sinkholes, depressions, or
settlement observed.

Dry sinkhole, depression, or vertical
settlement 6 inches or less in depth and
less than 3 feet in diameter observed.

Dry sinkhole, depression, or vertical
settlement greater than 6 inches in depth
or greater than 3 feet in diameter
observed or any sinkhole, depression, or
vertical settlement which has moisture,
seepage, or flow present.

8.4 Sliding, sloughing, or bulging
(other slope movements)

No evidence of sliding,
sloughing, or bulging.

Evidence of sliding, sloughing, or bulging
that does not involve the entire downstream
slope of the embankment and may be
observed after periods of heavy rain which
saturate the upper surface of the
embankment.

Evidence of sliding, sloughing, or bulging
which involves the entire slope of the
embankment from crest to toe, indicating
a large instability of the embankment.

8.5 Surface erosion

No erosion observed on the
embankment.

Areas of minor erosion observed along
downstream slope of the embankment less
than 6 inches deep and less than 1 foot
wide.

Erosion of the downstream face or the
embankment which is greater than 6
inches deep or greater than 1 foot wide
or that has the potential to back cut into
the crest of the embankment.

8.6 Vegetation

Weeds or grasses are
maintained at 6 inches in
height or less. No woody
vegetation observed.
Embankment is free of
vegetation such that the face
of the embankment is clearly
visible from the established
inspection routes.

Weeds or grasses are greater than 6 inches
in height. Vegetation which impedes up to
25% of the visual inspection of the
embankment and limits observation of the
embankment from the established
inspection routes or woody vegetation is
observed.

Vegetation which impedes greater than
25% of the visual inspection of the
embankment and limits observation of
the embankment from the established
inspection routes.

8.7 Animal burrows or other
damage from wildlife

No evidence of animal
burrows or other damage
caused by wildlife observed.
Animal deterrent boxes are
filled with poison.

Animal burrows less than 6 inches in depth
anywhere on the slope of the embankment
without visible signs of seepage, or
embankment distress (e.g., cracking
slumping, settlement). Animal deterrent
boxes are lacking poison.

Animal burrows greater than 6 inches in
depth observed anywhere on the slope
of the embankment or animal burrows
are observed with visible signs of
seepage, or embankment distress (e.g.,
cracking slumping, settlement).
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9. Toe of Dam, Right Side

Assigned
Value

2

3

9.1 Seepage, boils, or standing
water at or beyond the toe of the
embankment

No evidence of seepage,
boils, or standing water
observed at or beyond the
toe of the embankment.

Small, damp areas observed at or beyond

the toe of the embankment observed. Areas

of seepage around the toe of the
embankment during “sunny day” conditions
and clear water indicating no sediment
transport around the spillway.

Seepage, boils, or standing water at or
beyond the toe of the embankment
observed. Active seepage observed at
the toe of the embankment during “sunny
day” conditions and cloudy water
indicating sediment transport.

9.2 Cracking

No cracks or minor surficial
cracks less than ¥4” wide that
have no observable pattern
indicative of movement along
a buried pipe.

Cracking greater than 4" wide along a
buried pipe which indicate a new or
progressing instability along the buried

pipe.

Cracking greater than 74" wide that is
progressing or changing along the buried
pipe indicating an active instability of the
embankment.

9.3 Heave or uplift at or beyond
the toe of the embankment

No heave or uplift at or
beyond the toe of the
embankment observed.

Localized areas of heave or uplift that are
unlikely to be associated with embankment
instability.

Areas of heave or uplift that indicate a
potential large-scale instability of the
embankment.

9.4 Settlement, sinkholes, or
other depressions (enhanced
risk along pipe alignments)

No sinkholes, depressions, or
settlement observed.

Dry sinkhole, depression, or vertical
settlement 6 inches or less in depth and
less than 3 feet in diameter observed.

Dry sinkhole, depression, or vertical
settlement greater than 6 inches in depth
or greater than 3 feet in diameter
observed or any sinkhole, depression, or
vertical settlement which has moisture,
seepage, or flow present.

9.5 Visible parts of drainage
system

Discharge pipes have no
corrosion.

Discharge pipes have minor corrosion, but
full function of the system remains.

Discharge pipes have major corrosion
and function of the system is impaired.

9.6 Animal burrows or other
damage from wildlife

No evidence of animal
burrows or other damage
caused by wildlife observed.
Animal deterrent boxes are
filled with poison.

Animal burrows less than 6 inches in depth
anywhere on the slope of the embankment
without visible signs of seepage, or
embankment distress (e.g., cracking
slumping, settlement). Animal deterrent
boxes are lacking poison.

Animal burrows greater than 6 inches in
depth observed anywhere on the slope
of the embankment or animal burrows
are observed with visible signs of
seepage, or embankment distress (e.qg.,
cracking slumping, settlement).
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10. Toe of Dam, Left Side

Assigned
Value

2

3

10.1 Seepage, boils, or standing
water at or beyond the toe of the
embankment

No evidence of seepage,
boils, or standing water
observed at or beyond the
toe of the embankment.

Small, damp areas observed at or beyond

the toe of the embankment observed. Areas

of seepage around the toe of the
embankment during “sunny day” conditions
and clear water indicating no sediment
transport around the spillway.

Seepage, boils, or standing water at or
beyond the toe of the embankment
observed. Active seepage observed at
the toe of the embankment during “sunny
day” conditions and cloudy water
indicating sediment transport.

10.2 Cracking

No cracks or minor surficial
cracks less than ¥4” wide that
have no observable pattern
indicative of movement along
a buried pipe.

Cracking greater than 4" wide along a
buried pipe which indicate a new or
progressing instability along the buried
pipe.

Cracking greater than 74" wide that is
progressing or changing along the buried
pipe indicating an active instability of the
embankment.

10.3 Heave or uplift at or beyond
the toe of the embankment

No heave or uplift at or
beyond the toe of the
embankment observed.

Localized areas of heave or uplift that are
unlikely to be associated with embankment
instability.

Areas of heave or uplift that indicate a
potential large-scale instability of the
embankment.

10.4 Settlement, sinkholes, or
other depressions (enhanced
risk along pipe alignments)

No sinkholes, depressions, or
settlement observed.

Dry sinkhole, depression, or vertical
settlement 6 inches or less in depth and
less than 3 feet in diameter observed.

Dry sinkhole, depression, or vertical
settlement greater than 6 inches in depth
or greater than 3 feet in diameter
observed or any sinkhole, depression, or
vertical settlement which has moisture,
seepage, or flow present.

10.5 Animal burrows or other
damage from wildlife

No evidence of animal
burrows or other damage
caused by wildlife observed.
Animal deterrent boxes are
filled with poison.

Animal burrows less than 6 inches in depth
anywhere on the slope of the embankment
without visible signs of seepage, or
embankment distress (e.g., cracking
slumping, settlement). Animal deterrent
boxes are lacking poison.

Animal burrows greater than 6 inches in
depth observed anywhere on the slope
of the embankment or animal burrows
are observed with visible signs of
seepage, or embankment distress (e.g.,
cracking slumping, settlement).

10.6 Visible parts of drainage
system

Discharge pipes have no
corrosion.

Discharge pipes have minor corrosion, but
full function of the system remains.

Discharge pipes have major corrosion
and function of the system is impaired.

10.7 Visible parts of spillway
outlet pipes

Spillway outlet pipes have no
corrosion.

Spillway outlet pipes have minor corrosion,
but full function of the system remains.

Spillway outlet pipes have major
corrosion and function of the system is
impaired.

10.8 Concrete condition of the
inside of the spillway outlet
structure

Negligible joint movement,
cracking, pitting, breakage, or
spalling.

Localized spalling, scaling, or cracking
observed.

Widespread spalling, scaling, or cracking
present.

10.9 Erosion or undermining at
spillway outlet structure

No active erosion or scouring
around the concrete
structures.

Localized areas of erosion or scouring
around the concrete structures less than 1
foot deep in any direction.

Widespread erosion or scouring leading
to large or long unsupported sections of
concrete.

10.10 Seepage around or
underneath spillway outlet
structure

No evidence of seepage,
damp areas, or boils are
observed around the spillway
alignment or beneath spillway
slabs.

Areas of seepage around the spillway or
flow at the toe of the spillway prior to a spill
event and during “sunny day” conditions
and clear water indicating no sediment
transport around the spillway.

Active seepage observed outside of the
spillway or at the toe of the spillway prior
to a spill event and during “sunny day”
conditions and cloudy water indicating
sediment transport.

10
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Section 2: Instrumentation Observations and Measurements

Crack measurements, drain and seepage flows, and instrumentation readings are not recorded on this report, they are tracked by
IRWD Operations staff using Microsoft Teams and spreadsheets.

Reservoir / Upstream Yes No  Unknown  N/A
1. Crack measurements taken on the liner. O O O O

Drainage Elements and Weirs

1. Flow measurements obtained. 0 0 0 0
2. Measured flow from the drains is within normal and expected 0 0 0 0
range.
3. Seepage water is clear. 0 0 0 0
4. Sediment monitoring spreadsheet was populated. 0 0 0 0
Piezometers and Groundwater Levels
1. Piezometer measurement taken. 0 O 0 0
2. Piezometer results within normal and expected range. 0 0 0 0
3. Piezometers are in good working condition. O O 0 0
4. Piezometer spreadsheet was populated. O O 0 0
Section 3: Annual or Periodic Inspection CIN/A
|nSpeCti0n ltems Yes No Unknown N/A
1. Valves are in good working condition and were exercised
during the inspection. . . . .
2. Drain vaults inspected and in good working condition. 0 0 O 0
3. Sediment collected and weighed. O O O 0
4. Survey completed O O O 0
5. Drone (UAV) flight completed 0 0 0 0
(3-5-year frequency or as required).
6. Remotely Operated Vehicle (ROV) inspection completed 0 0 0 0
(3-5-year frequency or as required).
7. Emergency outlet valve was exercised and is in good 0 0 0 0
condition.
If exercised, note the approximate volume discharge:
8. Aeration system was inspected and is in good condition. O O O O
Section 4: Event Driven Inspection CIN/A

Event driven inspections include observations following earthquake or storm events. These inspections are performed based on the
event thresholds established by IRWD.

Earthquake Yes No Unknown N/A
1. Was the earthquake felt at the site? If so, complete the line below. 0 0 0 0
Date: Time: Magnitude: Distance (miles):

2. Was the epicenter of the earthquake within 75 miles of the
dam with a magnitude of 4.0 or greater? 0 0 0 0
3. Were new cracks, sinkholes, depressions, or new/unusual

settlement identified during the inspection? - - :
4. Have existing cracks, sinkholes, depressions, or areas of . . . .
unusual settlement changed since the last inspection?
Precipitation Yes No Unknown N/A
1. Is water flowing through the spillway? 0 0 0 0
2. Are flows into and out of the reservoir performing as . 0 0 0
anticipated and not damaging structures and the dam?
11
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Section 5: Notes and Comments

Section 6: Items that require further action, attention, or monitoring
(assigned values 2 or 3)

ltem Comment Action Conﬂrmatlon ## (it
applicable)
Section 7: Sign Off
Changed Conditions Yes No  Unknown — N/A
Have any conditions changed since the previous inspection? 0 0 0 0
Have areas of distress been identified during this inspection? 0 0 0 0
Water Operations Inspector: Signature: Date:
Water Operations Supervisor: Signature: Date:
Dam Safety Engineer: Signature: Date:
12
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Inspector(s):

Sand Canyon Dam Safety Inspection Report

Inspection Date:

Weather Conditions:

Reason for Inspection:

Additional Comments:

Section 1: Visual Observations

1. Reservoir

Rain Gauge Reading:
Routine/Monthly (1 Periodic [J Event-Driven [J Photos Taken: [ NO [JYES
Assigned
o : : ;

1.1 Assessment of the reservoir
area and visible watershed.

No signs of erosion, sloughing, or
leaned or fallen trees observed in
the watershed upstream of the
embankment.

Areas of minor erosion, sloughing, or
leaned or fallen trees which do not
impact the reservoir or storage but
could pose a hazard to the reservoir
or storage volume in time.

Erosion, sloughing, or landslides within
the upstream watershed that have
impacted the reservoir or storage
volume.

2.1 Cracking

No cracks or minor surficial cracks
less than %4” wide that have no
observable pattern indicative of
slope movement or failure.

Cracking greater than 42” wide along

the embankment crest, or along the
alignment of pipes which may
indicate a new or progressing
instability of the embankment.

Cracking greater than 4" wide that is
progressing or changing along the
embankment crest, or along the
alignment of pipes that may indicate an
active instability of the embankment.

2.2 Vegetation

Liner is free of weeds and trash. No
shrubs or trees observed growing in
the liner.

Weeds or trash observed on the
liner.

Shrubs or trees growing in the liner.

2.3 Settlement, sinkholes, or
other depressions (enhanced
risk along pipe alignments)

No sinkholes, depressions, or
settlement observed.

Sinkhole, depression, or vertical
settlement 6 inches or less in depth
and less than 3 feet in diameter
observed.

Sinkhole, depression, or vertical
settlement greater than 6 inches in depth
or greater than 3 feet in diameter
observed.

2.4 Animal burrows or other
damage from wildlife

No evidence of animal burrows or
other damage caused by wildlife
observed. Animal deterrent boxes
are filled with poison.

Animal burrows less than 6 inches in
depth anywhere on the slope of the
embankment without visible signs of
seepage, or embankment distress
(e.g., cracking slumping, settlement).
Animal deterrent boxes are lacking
poison.

Animal burrows greater than 6 inches in
depth observed anywhere on the slope
of the embankment or animal burrows
are observed with visible signs of
seepage, or embankment distress (e.g.,
cracking slumping, settlement).

1

Exhibit 5.2 - Sand Canyon Dam Safety
Inspection Report
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No evidence of damp areas,
seepage, or areas which are

Damp areas, seepage, or areas which
are significantly “greener” or have

Damp areas, of seepage, or areas which are
significantly “greener” or have flourishing

3.1 Seepage significantly “greener” or {Lodﬁgzggggn\gegsé?:\;%ms t’: gncslgzitwater vegetation and cloudy water indicating
have flourishing vegetation. through the embankment. sediment transport through the embankment.
No cracks or minor surficial Cracking greater than 4" wide along Cracking greater than 4" wide that is
) cracks less than 4" wide the embankment crest, or along the progressing or changing along the
3.2 Cracklng that have no observable alignment of pipes which indicate a new | embankment crest, or along the alignment of

pattern indicative of slope
movement or failure.

or progressing instability of the
embankment.

pipes indicating an active instability of the
embankment.

3.3 Settlement, sinkholes, or
other depressions (enhanced
risk along pipe alignments)

No sinkholes, depressions,
or settlement observed.

Dry sinkhole, depression, or vertical
settlement 6 inches or less in depth and
less than 3 feet in diameter observed.

Dry sinkhole, depression, or vertical
settlement greater than 6 inches in depth or
greater than 3 feet in diameter observed or
any sinkhole, depression, or vertical
settlement which has moisture, seepage, or
flow present.

3.4 Sliding, sloughing, or bulging
(other slope movements)

No evidence of sliding,
sloughing, or bulging.

Evidence of sliding, sloughing, or
bulging that does not involve the entire
downstream slope of the embankment.

Evidence of sliding, sloughing, or bulging
which involves the entire slope of the
embankment from crest to toe.

3.5 Surface erosion

No erosion observed on the
embankment.

Areas of minor erosion observed along
downstream slope of the embankment
less than 6 inches deep and less than 1
foot wide.

Erosion of the downstream face or the
embankment which is greater than 6 inches
deep or greater than 1 foot wide or that has
the potential to back cut into the crest of the
embankment.

3.6 Vegetation

Weeds or grasses are
maintained at 6 inches in
height or less. No woody
vegetation observed.
Embankment is free of
vegetation such that the
face of the embankment is
clearly visible from the
established inspection
routes.

Weeds or grasses are greater than 6
inches in height. Vegetation which
impedes up to 25% of the visual
inspection of the embankment and
limits observation of the embankment
from the established inspection routes
or woody vegetation is observed.

Vegetation which impedes greater than 25%
of the visual inspection of the embankment
and limits observation of the embankment
from the established inspection routes.

3.7 Animal burrows or other
damage from wildlife

No evidence of animal
burrows or other damage
caused by wildlife observed.
Animal deterrent boxes are
filled with poison.

Animal burrows less than 6 inches in
depth anywhere on the slope of the
embankment without visible signs of
seepage, or embankment distress (e.g.,
cracking slumping, settlement). Animal
deterrent boxes are lacking poison.

Animal burrows greater than 6 inches in depth
observed anywhere on the slope of the

embankment or animal burrows are observed
with visible signs of seepage, or embankment
distress (e.g., cracking slumping, settlement).
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No evidence of damp areas,
seepage, or areas which are

Damp areas, seepage, or areas which
are significantly “greener” or have

Damp areas, seepage, or areas which are
significantly “greener” or have flourishing

4.1 Seepage significantly “greener” or if:]odtigzt?:]ng n‘fgg&?ﬁf&f tr:g nc;ez:twater vegetation and cloudy water indicating
have flourishing vegetation. through '?he abutment p sediment transport through the abutment.
No cracks or minor surficial
cracks less than 4" wide Cracking greater than %4” wide along . P .

4.2 Cracking that have no observable the abutment, which indicate a new or Cracking greater than %" wide that is

pattern indicative of slope
movement or failure.

progressing instability of the abutment.

progressing or changing along the abutment.

4.3 Settlement, sinkholes, or
other depressions (enhanced
risk along pipe alignments)

No sinkholes, depressions,
or settlement observed.

Dry sinkhole, depression, or vertical
settlement 6 inches or less in depth and
less than 3 feet in diameter observed.

Dry sinkhole, depression, or vertical
settlement greater than 6 inches in depth or
greater than 3 feet in diameter observed or
any sinkhole, depression, or vertical
settlement which has moisture, seepage, or
flow present.

4.4 Sliding, sloughing, or bulging
(other slope movements)

No evidence of sliding,
sloughing, or bulging.

Evidence of sliding, sloughing, or
bulging that is small, shallow, or does
not involve the entire slope of the
abutment.

Evidence of sliding, sloughing, or bulging
which involves the entire slope of the
abutment from dam crest to toe.

4.5 Surface erosion

No erosion observed on the
abutment.

Areas of minor erosion observed along
the abutment less than 6 inches deep
and less than 1 foot wide.

Erosion of the abutment which is greater than
6 inches deep or greater than 1 foot wide or
that has the potential to back cut into the crest
of the embankment.

4.6 Abutment drains

No debris or vegetation
observed in the abutment
drain.

Debris and vegetation obstructing less
than half of the capacity in the abutment
drain. Debris observed will wash away
in an event where half of the capacity of
the drain is required.

Significant debris or vegetation is present in
the abutment drain that could significantly
compromise the performance of the abutment
drain.

4.7 Animal burrows or other
damage from wildlife

No evidence of animal
burrows or other damage
caused by wildlife observed.
Animal deterrent boxes are
filled with poison.

Animal burrows less than 6 inches in
depth anywhere on the slope of the
embankment without visible signs of
seepage, or embankment distress (e.g.,
cracking slumping, settlement). Animal
deterrent boxes are lacking poison.

Animal burrows greater than 6 inches in depth
observed anywhere on the slope of the

embankment or animal burrows are observed
with visible signs of seepage, or embankment
distress (e.g., cracking slumping, settlement).
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Sand Canyon Dam Safety Inspection Report

5. Dam Crest and

pattern indicative of slope
movement or failure.

or progressing instability of the
embankment.

Assigned
Upstream Embankment, P 1 2 3
Right Side
No cracks or minor surficial | Cracking greater than ¥42” wide along the Cracking greater than %4” wide that is
cracks less than 4" wide embankment crest, or along the progressing or changing along the
5.1 Cracking that have no observable alignment of pipes which indicate a new embankment crest, or along the alignment of

pipes indicating an active instability of the
embankment.

5.2 Vegetation

Liner is free of weeds and
trash. No shrubs or trees
observed growing in the
liner.

Weeds or trash observed on the liner.

Shrubs or trees growing in the liner.

5.3 Animal burrows or other
damage from wildlife

No evidence of animal
burrows or other damage
caused by wildlife
observed. Animal deterrent
boxes are filled with
poison.

Animal burrows less than 6 inches in
depth anywhere on the slope of the
embankment without visible signs of
seepage, or embankment distress (e.g.,
cracking slumping, settlement). Animal
deterrent boxes are lacking poison.

Animal burrows greater than 6 inches in depth
observed anywhere on the slope of the

embankment or animal burrows are observed
with visible signs of seepage, or embankment
distress (e.g., cracking slumping, settlement).
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6. Downstream
Embankment, Right Side

Assigned
Value

1

2

No evidence of damp
areas, seepage, or areas

Damp areas, seepage, or areas which
are significantly “greener” or have

Damp areas, seepage, or areas which are
significantly “greener” or have flourishing

6.1 Seepage YVhICh ar? significantly _ﬂogrlshlng vegeta_ltlon and clear water vegetation and cloudy water indicating
greener” or have indicating no sediment transport through .
- . sediment transport through the embankment.
flourishing vegetation. the embankment.
No cracks or minor surficial | Cracking greater than 2" wide along the Cracking greater than 4" wide that is
cracks less than 4" wide embankment crest, or along the progressing or changing along the
6.2 Cracking that have no observable alignment of pipes which indicate a new embankment crest, or along the alignment of

pattern indicative of slope
movement or failure.

or progressing instability of the
embankment.

pipes indicating an active instability of the
embankment.

6.3 Settlement, sinkholes, or
other depressions (enhanced
risk along pipe alignments)

No sinkholes, depressions,
or settlement observed.

Dry sinkhole, depression, or vertical
settlement 6 inches or less in depth and
less than 3 feet in diameter observed.

Dry sinkhole, depression, or vertical
settlement greater than 6 inches in depth or
greater than 3 feet in diameter observed or
any sinkhole, depression, or vertical
settlement which has moisture, seepage, or
flow present.

6.4 Sliding, sloughing, or bulging
(other slope movements)

No evidence of sliding,
sloughing, or bulging.

Evidence of sliding, sloughing, or bulging
that does not involve the entire
downstream slope of the embankment.

Evidence of sliding, sloughing, or bulging
which involves the entire slope of the
embankment from crest to toe.

6.5 Surface erosion

No erosion observed on
the embankment.

Areas of minor erosion observed along
downstream slope of the embankment
less than 6 inches deep and less than 1
foot wide.

Erosion of the downstream face or the
embankment which is greater than 6 inches
deep or greater than 1 foot wide or that has
the potential to back cut into the crest of the
embankment.

6.6 Vegetation

Weeds or grasses are
maintained at 6 inches in
height or less. No woody
vegetation observed.
Embankment is free of
vegetation such that the
face of the embankment is
clearly visible from the
established inspection
routes.

Weeds or grasses are greater than 6
inches in height. Vegetation which
impedes up to 25% of the visual
inspection of the embankment and limits
observation of the embankment from the
established inspection routes or woody
vegetation is observed.

Vegetation which impedes greater than 25%
of the visual inspection of the embankment
and limits observation of the embankment
from the established inspection routes.

6.7 Animal burrows or other
damage from wildlife

No evidence of animal
burrows or other damage
caused by wildlife
observed. Animal deterrent
boxes are filled with
poison.

Animal burrows less than 6 inches in
depth anywhere on the slope of the
embankment without visible signs of
seepage, or embankment distress (e.g.,
cracking slumping, settlement). Animal
deterrent boxes are lacking poison.

Animal burrows greater than 6 inches in depth
observed anywhere on the slope of the

embankment or animal burrows are observed
with visible signs of seepage, or embankment
distress (e.g., cracking slumping, settlement).
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] . Damp areas, seepage, or areas which
No evidence of damp areas, Damp areas, seepage, or areas which are par "p 9 »
; [ “ » o are significantly “greener” or have
seepage, or areas which are significantly “greener” or have flourishing

7.1 Seepage significantly “greener” or have | vegetation and clear water indicating no {L%?Q;{i‘;ngs\;%?;tg::?; aannsd g:??ﬁ%tvjvaﬁrhe
flourishing vegetation. sediment transport through the abutment. abutmen% P 9
No cracks or minor surficial
cracks less than 2" wide that | Cracking greater than %4” wide along the Cracking greater than 4" wide that is
7.2 Cracking have no observable pattern abutment, which indicate a new or progressing or changing along the
indicative of slope movement | progressing instability of the abutment. abutment.

or failure.

Dry sinkhole, depression, or vertical
settlement greater than 6 inches in depth
or greater than 3 feet in diameter
observed or any sinkhole, depression, or

7.3 Settlement, sinkholes, or
other depressions (enhanced

Dry sinkhole, depression, or vertical

No sinkholes, depressions, or . ]
P settlement 6 inches or less in depth and

settlement observed.

risk along pipe alignments) less than 3 feet in diameter observed. vertical settlement which has moisture,
seepage, or flow present.
T ; ; . - Evidence of sliding, sloughing, or bulging Evidence of sliding, sloughing, or bulging
7.4hS|IdI|ng, SIOUghmg’ or bUIgmg gguevrll?r:ancgrcguslllic::ng, that is small, shallow, or does not involve which involves the entire slope of the
(other slope movements) ghing. ging. the entire slope of the abutment. abutment from dam crest to toe.

Erosion of the abutment which is greater

Areas of minor erosion observed along the than 6 inches deep or greater than 1 foot

No erosion observed on the abutment less than 6 inches deep and less

7.5 Surface erosion

abutment. than 1 foot wide wide or that has the potential to back cut
' into the crest of the embankment.
Debris and vegetation obstructing less than Significant debris or vegetation is present
) No debris or vegetation % of the capacity in the abutment drain. in the abutment drain that could
7.6 Abutment drains observed in the abutment Debris observed will wash away in an event | " "€ @ ;
drain. where half of the capacity of the drain is significantly compromise the

A performance of the abutment drain.
required.

Animal burrows less than 6 inches in depth | Animal burrows greater than 6 inches in
anywhere on the slope of the embankment depth observed anywhere on the slope

No evidence of animal
burrows or other damage

7.7 Animal burrows or other i without visible signs of seepage, or of the embankment or animal burrows
damage from wildlife Z?]T;z? (?ég'rlgmebggzzr;?g' embankment distress (e.g., cracking are observed with visible signs of
. . . slumping, settlement). Animal deterrent seepage, or embankment distress (e.g.,
filled with poison. : ! : b
boxes are lacking poison. cracking slumping, settlement).
6
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Sand Canyon Dam Safety Inspection Report

8. Toe of Dam, Left Side

Assigned
Value

2

3

8.1 Seepage, boils, or standing
water at or beyond the toe of the
embankment

No evidence of seepage,
boils, or standing water
observed at or beyond the
toe of the embankment.

Small, damp areas observed at or beyond
the toe of the embankment observed. Areas
of seepage around the toe of the
embankment during “sunny day” conditions
and clear water indicating no sediment
transport around the spillway.

Seepage, boils, or standing water at or
beyond the toe of the embankment
observed. Active seepage observed at
the toe of the embankment during “sunny
day” conditions and cloudy water
indicating sediment transport.

8.2 Cracking

No cracks or minor surficial
cracks less than ¥4” wide that
have no observable pattern
indicative of movement along
a buried pipe.

Cracking greater than 4" wide along a
buried pipe which indicate a new or
progressing instability along the buried

pipe.

Cracking greater than 74" wide that is
progressing or changing along the buried
pipe indicating an active instability of the
embankment.

8.3 Heave or uplift at or beyond
the toe of the embankment

No heave or uplift at or
beyond the toe of the
embankment observed.

Localized areas of heave or uplift that are
unlikely to be associated with embankment
instability.

Areas of heave or uplift that indicate a
potential large-scale instability of the
embankment.

8.4 Settlement, sinkholes, or
other depressions (enhanced
risk along pipe alignments)

No sinkholes, depressions, or
settlement observed.

Dry sinkhole, depression, or vertical
settlement 6 inches or less in depth and
less than 3 feet in diameter observed.

Dry sinkhole, depression, or vertical
settlement greater than 6 inches in depth
or greater than 3 feet in diameter
observed or any sinkhole, depression, or
vertical settlement which has moisture,
seepage, or flow present.

8.5 Animal burrows or other
damage from wildlife

No evidence of animal
burrows or other damage
caused by wildlife observed.
Animal deterrent boxes are
filled with poison.

Animal burrows less than 6 inches in depth
anywhere on the slope of the embankment
without visible signs of seepage, or
embankment distress (e.g., cracking
slumping, settlement). Animal deterrent
boxes are lacking poison.

Animal burrows greater than 6 inches in
depth observed anywhere on the slope
of the embankment or animal burrows
are observed with visible signs of
seepage, or embankment distress (e.g.,
cracking slumping, settlement).

8.6 Visible parts of drainage
system

Discharge pipes have no
corrosion.

Discharge pipes have minor corrosion, but
full function of the system remains.

Discharge pipes have major corrosion
and function of the system is impaired.
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Sand Canyon Dam Safety Inspection Report

9. Toe of Dam, Right Side

Assigned
Value

2

3

9.1 Seepage, boils, or standing
water at or beyond the toe of the
embankment

No evidence of seepage,
boils, or standing water
observed at or beyond the
toe of the embankment.

Small, damp areas observed at or beyond

the toe of the embankment observed. Areas

of seepage around the toe of the
embankment during “sunny day” conditions
and clear water indicating no sediment
transport around the spillway.

Seepage, boils, or standing water at or
beyond the toe of the embankment
observed. Active seepage observed at
the toe of the embankment during “sunny
day” conditions and cloudy water
indicating sediment transport.

9.2 Cracking

No cracks or minor surficial
cracks less than ¥4” wide that
have no observable pattern
indicative of movement along
a buried pipe.

Cracking greater than 4" wide along a
buried pipe which indicate a new or
progressing instability along the buried

pipe.

Cracking greater than 74" wide that is
progressing or changing along the buried
pipe indicating an active instability of the
embankment.

9.3 Heave or uplift at or beyond
the toe of the embankment

No heave or uplift at or
beyond the toe of the
embankment observed.

Localized areas of heave or uplift that are
unlikely to be associated with embankment
instability.

Areas of heave or uplift that indicate a
potential large-scale instability of the
embankment.

9.4 Settlement, sinkholes, or
other depressions (enhanced
risk along pipe alignments)

No sinkholes, depressions, or
settlement observed.

Dry sinkhole, depression, or vertical
settlement 6 inches or less in depth and
less than 3 feet in diameter observed.

Dry sinkhole, depression, or vertical
settlement greater than 6 inches in depth
or greater than 3 feet in diameter
observed or any sinkhole, depression, or
vertical settlement which has moisture,
seepage, or flow present.

9.5 Animal burrows or other
damage from wildlife

No evidence of animal
burrows or other damage
caused by wildlife observed.
Animal deterrent boxes are
filled with poison.

Animal burrows less than 6 inches in depth
anywhere on the slope of the embankment
without visible signs of seepage, or
embankment distress (e.g., cracking
slumping, settlement). Animal deterrent
boxes are lacking poison.

Animal burrows greater than 6 inches in
depth observed anywhere on the slope
of the embankment or animal burrows
are observed with visible signs of
seepage, or embankment distress (e.g.,
cracking slumping, settlement).

March 2023
78/191




" Irvine Ranch

\&@ Water District

10. Spillway

Sand Canyon Dam Safety Inspection Report

Assigned
Value

1

10.1 Concrete condition
(movement or offsets at joints,
cracking, pitting, breakage)

Negligible joint movement,
cracking, pitting, breakage, or
spalling.

Localized spalling, scaling, or cracking
observed.

Widespread spalling, scaling, or cracking
present.

10.2 Sidewall drains

No debris or vegetation
observed in the sidewall
drains.

Debris and vegetation obstructing less than
half of the capacity in the sidewall drains.
Debris observed will wash away in an event
where half of the capacity of the drains is
required.

Significant debris or vegetation is present
in the sidewall drains that could
significantly compromise the
performance of the sidewall drains.

10.3 Vegetation

No weeds, shrubs, sediment,
or trees observed growing in
the liner.

Sediment, trees less than 4" in diameter,
brush, or other vegetation growing in the
liner that may impede the free flow of water.

Shrubs or trees larger than % “diameter
observed growing in the liner.

10.4 Erosion or undermining at
concrete weir

No active erosion or scouring
around the concrete
structures.

Localized areas of erosion or scouring
around the concrete structures less than 1
foot deep in any direction.

Widespread erosion or scouring leading
to large or long unsupported sections of
concrete.

10.5 Condition of inlet at the
concrete weir (potential
blockages or vegetation)

Inlet is clear of debris that
would inhibit flow.

Inlet is blocked by debris, but the blockage
is likely to be washed away in a high flow
event.

Inlet may become blocked such that flow
capacity would be impeded during a high
flow event or greater than 25% of the
spillway could be blocked by vegetation
or other obstructions.

10.6 Condition of spillway
approach (potential blockages or
vegetation)

Inlet is clear of debris that
would inhibit flow.

Inlet is blocked by debris, but the blockage
is likely to be washed away in a high flow
event.

Inlet may become blocked such that flow
capacity would be impeded during a high
flow event or greater than 25% of the
spillway could be blocked by vegetation
or other obstructions. Woody vegetation
is observed.

10.7 Erosion or undermining at
spillway outlet and energy
dissipation structure

No active erosion or scouring
around the concrete
structures.

Areas of erosion or scouring around the
concrete structures less than 1 foot deep in
any direction.

Erosion or scouring leading to large or
long unsupported sections of concrete.

10.8 Seepage around or
underneath spillway slab

No evidence of seepage,
damp areas, or boils are
observed around the spillway
alignment or beneath spillway
slabs.

Areas of seepage around the spillway or
flow at the toe of the spillway prior to a spill
event and during “sunny day” conditions
and clear water indicating no sediment
transport around the spillway.

Active seepage observed outside of the
spillway or at the toe of the spillway prior
to a spill event and during “sunny day”
conditions and cloudy water indicating
sediment transport.

|:| Spillway channel

|:| Spillway crest

D Spillway approach

|:| Energy dissipator
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Section 2: Instrumentation Observations and Measurements

Crack measurements, drain and seepage flows, and instrumentation readings are not recorded on this report, they are tracked by
IRWD Operations staff using Microsoft Teams and spreadsheets.

Reservoir / Upstream Yes No  Unknown  N/A
1. Crack measurements taken on the liner. O O N 0
Drainage Elements and Weirs
1. Flow measurements obtained. 0 0 0 0
2. Measured flow from the drains is within normal and expected
range.
3. Seepage water is clear. 0 0 0
Piezometers and Groundwater Levels
1. Piezometer measurement taken. 0 O 0 0
2. Piezometer results within normal and expected range. 0 0 0 0
3. Piezometers are in good working condition. N N N N
4. Piezometer Spreadsheet was populated. 0 0 0
Section 3: Annual or Periodic Inspection CIN/A
Inspection ltems Yes No Unknown N/A
1. Valves are in good working condition and were exercised 0 0 0 0
during the inspection.
2. Drain vaults inspected and in good working condition. 0 0 O O
3. Survey completed 0 0 O 0
4. Drone (UAV) flight completed 0 0 0 0
(8-5-year frequency or as required).
5. Remotely Operated Vehicle (ROV) inspection completed 0 0 0 0
(8-5-year frequency or as required).
6. Emergency outlet valve was exercised and is in good . 0 0 0
condition.
If exercised, note the approximate volume discharge:
7. Aeration system was inspected and is in good condition. O O O 0
Section 4: Event Driven Inspection CIN/A
Earthquake Yes No Unknown N/A
1. Was the earthquake felt at the site? If so, complete the line below. 0 0 0 0
Date: Time: Magnitude: Distance (miles):

2. Was the epicenter of the earthquake within 75 miles of the
dam with a magnitude of 4.0 or greater? 0 0 0 0
3. Were new cracks, sinkholes, depressions, or new/unusual

settlement identified during the inspection? . - .
4. Have existing cracks, sinkholes, depressions, or areas of

. . . 0 0 0 U

unusual settlement changed since the last inspection?
PreCipitation Yes No Unknown N/A
1. Is water flowing through the spillway? N N O [
2. Are flows into and out of the reservoir performing as 0 0 0 .

anticipated and not damaging structures and the dam?

10
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Section 5: Notes and Comments

Section 6: Items that require further action, attention, or monitoring
(assigned values 2 or 3)

Item Comment Action Conflrm_atlon # (if
applicable)
Section 7: Sign Off
Changed Conditions Yes No  Unknown  N/A
Have any conditions changed since the previous inspection? 0 0 0 0
Have areas of distress been identified during this inspection? 0 0 0 [
Water Operations Inspector; Signature: Date:
Water Operations Supervisor: Signature: Date:
Dam Safety Engineer: Signature: Date:
11
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Syphon Safety Inspection Report

Inspector(s): Inspection Date:
Weather Conditions: Rain Gauge Reading:
Reason for Inspection: Routine/Monthly [ Periodic [ Event-Driven [ Photos Taken: [ NO [ YES
Additional Comments:
Section 1: Visual Observations
. Assigned
1. Reservoir ehe L 2 3

No signs of erosion, sloughing, or
leaned or fallen trees observed in
the watershed upstream of the
embankment.

1.1 Assessment of the reservoir
area and visible watershed.

Areas of minor erosion, sloughing, or
leaned or fallen trees which do not
impact the reservoir or storage but
could pose a hazard to the reservoir
or storage volume in time.

Erosion, sloughing, or landslides within
the upstream watershed that have
impacted the reservoir or storage
volume.

No cracks or minor surficial cracks
less than %4” wide that have no
observable pattern indicative of
slope movement or failure.

2.1 Cracking

Cracking greater than 42” wide along

the embankment crest, or along the
alignment of pipes which may
indicate a new or progressing
instability of the embankment.

Cracking greater than 4" wide that is
progressing or changing along the
embankment crest, or along the
alignment of pipes that may indicate an
active instability of the embankment.

Liner is free of weeds and trash. No
shrubs or trees observed growing in
the liner.

2.2 Vegetation

Weeds or trash observed on the
liner.

Shrubs or trees growing in the liner.

2.3 Settlement, sinkholes, or
other depressions (enhanced
risk along pipe alignments)

No sinkholes, depressions, or
settlement observed.

Sinkhole, depression, or vertical
settlement 6 inches or less in depth
and less than 3 feet in diameter
observed.

Sinkhole, depression, or vertical
settlement greater than 6 inches in depth
or greater than 3 feet in diameter
observed.

No evidence of animal burrows or
other damage caused by wildlife
observed. Animal deterrent boxes
are filled with poison.

2.4 Animal burrows or other
damage from wildlife

Animal burrows less than 6 inches in
depth anywhere on the slope of the
embankment without visible signs of
seepage, or embankment distress
(e.g., cracking slumping, settlement).
Animal deterrent boxes are lacking
poison.

Animal burrows greater than 6 inches in
depth observed anywhere on the slope
of the embankment or animal burrows
are observed with visible signs of
seepage, or embankment distress (e.g.,
cracking slumping, settlement).

1

Exhibit 5.3 - Syphon Dam Safety Inspection
Report
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No evidence of damp areas,
seepage, or areas which are

Damp areas, seepage, or areas which
are significantly “greener” or have

Damp areas, of seepage, or areas which are
significantly “greener” or have flourishing

3.1 Seepage significantly “greener” or {Lodﬁgzggggn\gegsa?:\;%m? t': gnc;(;i:twater vegetation and cloudy water indicating
have flourishing vegetation. through the embankment. sediment transport through the embankment.
No cracks or minor surficial Cracking greater than %4” wide along Cracking greater than 4" wide that is
) cracks less than 4" wide the embankment crest, or along the progressing or changing along the
3.2 Cracklng that have no observable alignment of pipes which indicate a new | embankment crest, or along the alignment of

pattern indicative of slope
movement or failure.

or progressing instability of the
embankment.

pipes indicating an active instability of the
embankment.

3.3 Settlement, sinkholes, or
other depressions (enhanced
risk along pipe alignments)

No sinkholes, depressions,
or settlement observed.

Dry sinkhole, depression, or vertical
settlement 6 inches or less in depth and
less than 3 feet in diameter observed.

Dry sinkhole, depression, or vertical
settlement greater than 6 inches in depth or
greater than 3 feet in diameter observed or
any sinkhole, depression, or vertical
settlement which has moisture, seepage, or
flow present.

3.4 Sliding, sloughing, or bulging
(other slope movements)

No evidence of sliding,
sloughing, or bulging.

Evidence of sliding, sloughing, which
does not involve the entire downstream
slope of the embankment.

Evidence of sliding, sloughing, or bulging
which involves the entire slope of the
embankment from crest to toe.

3.5 Surface erosion

No erosion observed on the
embankment.

Areas of minor erosion observed along
downstream slope of the embankment
less than 6 inches deep and less than 1
foot wide.

Erosion of the downstream face or the
embankment which is greater than 6 inches
deep or greater than 1 foot wide or that has
the potential to back cut into the crest of the
embankment.

3.6 Vegetation

Weeds or grasses are
maintained at 6 inches in
height or less. No woody
vegetation observed.
Embankment is free of
vegetation such that the
face of the embankment is
clearly visible from the
established inspection
routes.

Weeds or grasses are greater than 6
inches in height. Vegetation which
impedes up to 25% of the visual
inspection of the embankment and
limits observation of the embankment
from the established inspection routes
or woody vegetation is observed.

Vegetation which impedes greater than 25%
of the visual inspection of the embankment
and limits observation of the embankment
from the established inspection routes.

3.7 Animal burrows or other
damage from wildlife

No evidence of animal
burrows or other damage
caused by wildlife observed.
Animal deterrent boxes are
filled with poison.

Animal burrows less than 6 inches in
depth anywhere on the slope of the
embankment without visible signs of
seepage, or embankment distress (e.g.,
cracking slumping, settlement). Animal
deterrent boxes are lacking poison.

Animal burrows greater than 6 inches in depth
observed anywhere on the slope of the

embankment or animal burrows are observed
with visible signs of seepage, or embankment
distress (e.g., cracking slumping, settlement).
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No evidence of damp areas,
seepage, or areas which are

Damp areas, seepage, or areas which
are significantly “greener” or have

Damp areas, seepage, or areas which are
significantly “greener” or have flourishing

4.1 Seepage significantly “greener” or if:]odtigzt?:]ng n‘fgg&?ﬂ?&f tr:g ncslee;:twater vegetation and cloudy water indicating
have flourishing vegetation. through '?he abutment p sediment transport through the abutment.
No cracks or minor surficial
cracks less than 2" wide Cracking greater than %4” wide along . P .

4.2 Cracking that have no observable the abutment, which indicate a new or Cracking greater than %" wide that is

pattern indicative of slope
movement or failure.

progressing instability of the abutment.

progressing or changing along the abutment.

4.3 Settlement, sinkholes, or
other depressions (enhanced
risk along pipe alignments)

No sinkholes, depressions,
or settlement observed.

Dry sinkhole, depression, or vertical
settlement 6 inches or less in depth and
less than 3 feet in diameter observed.

Dry sinkhole, depression, or vertical
settlement greater than 6 inches in depth or
greater than 3 feet in diameter observed or
any sinkhole, depression, or vertical
settlement which has moisture, seepage, or
flow present.

4.4 Sliding, sloughing, or bulging
(other slope movements)

No evidence of sliding,
sloughing, or bulging.

Evidence of sliding, sloughing, which
does not involve the entire slope of the
abutment.

Evidence of sliding, sloughing, or bulging
which involves the entire slope of the
abutment from dam crest to toe.

4.5 Surface erosion

No erosion observed on the
abutment.

Areas of minor erosion observed along
the abutment less than 6 inches deep
and less than 1 foot wide.

Erosion of the abutment which is greater than
6 inches deep or greater than 1 foot wide or
that has the potential to back cut into the crest
of the embankment.

4.6 Abutment drains

No debris or vegetation
observed in the abutment
drain.

Debris and vegetation obstructing less
than % of the capacity in the abutment
drain. Debris observed will wash away
in an event where half of the capacity of
the drain is required.

Significant debris or vegetation is present in
the abutment drain that could significantly
compromise the performance of the abutment
drain.

4.7 Animal burrows or other
damage from wildlife

No evidence of animal
burrows or other damage
caused by wildlife observed.
Animal deterrent boxes are
filled with poison.

Animal burrows less than 6 inches in
depth anywhere on the slope of the
embankment without visible signs of
seepage, or embankment distress (e.g.,
cracking slumping, settlement). Animal
deterrent boxes are lacking poison.

Animal burrows greater than 6 inches in depth
observed anywhere on the slope of the

embankment or animal burrows are observed
with visible signs of seepage, or embankment
distress (e.g., cracking slumping, settlement).

4.8 Access road

Road surface is even with
no rutting, wash boarding, or
erosion.

Areas of minor rutting, wash boarding,
or erosion but vehicle access is not
impaired.

Areas of rutting, wash boarding, or erosion
which limits vehicle access to the dam.
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5. Dam Crest and

pattern indicative of slope
movement or failure.

or progressing instability of the
embankment.

Assigned
Upstream Embankment, P 1 2 3
Right Side
No cracks or minor surficial | Cracking greater than ¥42” wide along the Cracking greater than 74" wide that is
cracks less than 4" wide embankment crest, or along the progressing or changing along the
5.1 Cracking that have no observable alignment of pipes which indicate a new embankment crest, or along the alignment of

pipes indicating an active instability of the
embankment.

5.2 Vegetation

Liner is free of weeds and
trash. No shrubs or trees
observed growing in the
liner.

Weeds or trash observed on the liner.

Shrubs or trees growing in the liner.

5.3 Animal burrows or other
damage from wildlife

No evidence of animal
burrows or other damage
caused by wildlife
observed. Animal deterrent
boxes are filled with
poison.

Animal burrows less than 6 inches in
depth anywhere on the slope of the
embankment without visible signs of
seepage, or embankment distress (e.g.,
cracking slumping, settlement). Animal
deterrent boxes are lacking poison.

Animal burrows greater than 6 inches in depth
observed anywhere on the slope of the

embankment or animal burrows are observed
with visible signs of seepage, or embankment
distress (e.g., cracking slumping, settlement).
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6. Downstream
Embankment, Right Side

Assigned
Value

1

2

No evidence of damp
areas, seepage, or areas

Damp areas, seepage, or areas which
are significantly “greener” or have

Damp areas, seepage, or areas which are
significantly “greener” or have flourishing

6.1 Seepage YVhICh ar? significantly _ﬂogrlshlng vegeta_ltlon and clear water vegetation and cloudy water indicating
greener” or have indicating no sediment transport through .
- . sediment transport through the embankment.
flourishing vegetation. the embankment.
No cracks or minor surficial | Cracking greater than 2" wide along the Cracking greater than 4" wide that is
cracks less than 4" wide embankment crest, or along the progressing or changing along the
6.2 Cracking that have no observable alignment of pipes which indicate a new embankment crest, or along the alignment of

pattern indicative of slope
movement or failure.

or progressing instability of the
embankment.

pipes indicating an active instability of the
embankment.

6.3 Settlement, sinkholes, or
other depressions (enhanced
risk along pipe alignments)

No sinkholes, depressions,
or settlement observed.

Dry sinkhole, depression, or vertical
settlement 6 inches or less in depth and
less than 3 feet in diameter observed.

Dry sinkhole, depression, or vertical
settlement greater than 6 inches in depth or
greater than 3 feet in diameter observed or
any sinkhole, depression, or vertical
settlement which has moisture, seepage, or
flow present.

6.4 Sliding, sloughing, or bulging
(other slope movements)

No evidence of sliding,
sloughing, or bulging.

Evidence of sliding, sloughing, which
does not involve the entire downstream
slope of the embankment.

Evidence of sliding, sloughing, or bulging
which involves the entire slope of the
embankment from crest to toe.

6.5 Surface erosion

No erosion observed on
the embankment.

Areas of minor erosion observed along
downstream slope of the embankment
less than 6 inches deep and less than 1
foot wide.

Erosion of the downstream face or the
embankment which is greater than 6 inches
deep or greater than 1 foot wide or that has
the potential to back cut into the crest of the
embankment.

6.6 Vegetation

Weeds or grasses are
maintained at 6 inches in
height or less. No woody
vegetation observed.
Embankment is free of
vegetation such that the
face of the embankment is
clearly visible from the
established inspection
routes.

Weeds or grasses are greater than 6
inches in height. Vegetation which
impedes up to 25% of the visual
inspection of the embankment and limits
observation of the embankment from the
established inspection routes or woody
vegetation is observed.

Vegetation which impedes greater than 25%
of the visual inspection of the embankment
and limits observation of the embankment
from the established inspection routes.

6.7 Animal burrows or other
damage from wildlife

No evidence of animal
burrows or other damage
caused by wildlife
observed. Animal deterrent
boxes are filled with
poison.

Animal burrows less than 6 inches in
depth anywhere on the slope of the
embankment without visible signs of
seepage, or embankment distress (e.g.,
cracking slumping, settlement). Animal
deterrent boxes are lacking poison.

Animal burrows greater than 6 inches in depth
observed anywhere on the slope of the

embankment or animal burrows are observed
with visible signs of seepage, or embankment
distress (e.g., cracking slumping, settlement).
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No evidence of damp areas,
seepage, or areas which are

Damp areas, seepage, or areas which are
significantly “greener” or have flourishing

Syphon Safety Inspection Report

Damp areas, seepage, or areas which
are significantly “greener” or have

indicative of slope movement
or failure.

progressing instability of the abutment.

7.1 Seepage significantly “greener” or have | vegetation and clear water indicating no {L%?Q;{i‘;ngs\;%?;tg::?; aannsd g:??ﬁ%tvjvaﬁrhe
flourishing vegetation. sediment transport through the abutment. abutmen% P 9
No cracks or minor surficial
cracks less than 2" wide that | Cracking greater than %4” wide along the Cracking greater than 4" wide that is
7.2 Cracking have no observable pattern abutment, which indicate a new or progressing or changing along the

abutment.

7.3 Settlement, sinkholes, or
other depressions (enhanced
risk along pipe alignments)

No sinkholes, depressions, or
settlement observed.

Dry sinkhole, depression, or vertical
settlement 6 inches or less in depth and
less than 3 feet in diameter observed.

Dry sinkhole, depression, or vertical
settlement greater than 6 inches in depth
or greater than 3 feet in diameter
observed or any sinkhole, depression, or
vertical settlement which has moisture,
seepage, or flow present.

7.4 Sliding, sloughing, or bulging
(other slope movements)

No evidence of sliding,
sloughing, or bulging.

Evidence of sliding, sloughing, or bulging
that is small, shallow, or does not involve
the entire slope of the abutment.

Evidence of sliding, sloughing, or bulging
which involves the entire slope of the
abutment from dam crest to toe.

7.5 Surface erosion

No erosion observed on the
abutment.

Areas of minor erosion observed along the
abutment less than 6 inches deep and less
than 1 foot wide.

Erosion of the abutment which is greater
than 6 inches deep or greater than 1 foot
wide or that has the potential to back cut
into the crest of the embankment.

7.6 Abutment drains

No debris or vegetation
observed in the abutment
drain.

Debris and vegetation obstructing less than
% of the capacity in the abutment drain.
Debris observed will wash away in an event
where half of the capacity of the drain is
required.

Significant debris or vegetation is present
in the abutment drain that could
significantly compromise the
performance of the abutment drain.

7.7 Animal burrows or other
damage from wildlife

No evidence of animal
burrows or other damage
caused by wildlife observed.
Animal deterrent boxes are
filled with poison.

Animal burrows less than 6 inches in depth
anywhere on the slope of the embankment
without visible signs of seepage, or
embankment distress (e.g., cracking
slumping, settlement). Animal deterrent
boxes are lacking poison.

Animal burrows greater than 6 inches in
depth observed anywhere on the slope
of the embankment or animal burrows
are observed with visible signs of
seepage, or embankment distress (e.qg.,
cracking slumping, settlement).

7.8 Access road

Road surface is even with no
rutting, wash boarding, or
erosion.

Areas of minor rutting, wash boarding, or
erosion but vehicle access is not impaired.

Areas of rutting, wash boarding, or
erosion which limits vehicle access to the
dam.

March 2023
88/191




Irvine Ranch Syphon Safety Inspection Report

/ -
= Water District

8. Toe of Dam, Left Side

Assigned
Value

2

3

8.1 Seepage, boils, or standing
water at or beyond the toe of the
embankment

No evidence of seepage,
boils, or standing water
observed at or beyond the
toe of the embankment.

Small, damp areas observed at or beyond
the toe of the embankment observed. Areas
of seepage around the toe of the
embankment during “sunny day” conditions
and clear water indicating no sediment
transport around the spillway.

Seepage, boils, or standing water at or
beyond the toe of the embankment
observed. Active seepage observed at
the toe of the embankment during “sunny
day” conditions and cloudy water
indicating sediment transport.

8.2 Cracking

No cracks or minor surficial
cracks less than 4" wide that
have no observable pattern
indicative of movement along
a buried pipe.

Cracking greater than 4" wide along a
buried pipe which indicate a new or
progressing instability along the buried

pipe.

Cracking greater than 74" wide that is
progressing or changing along the buried
pipe indicating an active instability of the
embankment.

8.3 Heave or uplift at or beyond
the toe of the embankment

No heave or uplift at or
beyond the toe of the
embankment observed.

Localized areas of heave or uplift that are
unlikely to be associated with embankment
instability.

Areas of heave or uplift that indicate a
potential large-scale instability of the
embankment.

8.4 Settlement, sinkholes, or
other depressions (enhanced
risk along pipe alignments)

No sinkholes, depressions, or
settlement observed.

Dry sinkhole, depression, or vertical
settlement 6 inches or less in depth and
less than 3 feet in diameter observed.

Dry sinkhole, depression, or vertical
settlement greater than 6 inches in depth
or greater than 3 feet in diameter
observed or any sinkhole, depression, or
vertical settlement which has moisture,
seepage, or flow present.

8.5 Animal burrows or other
damage from wildlife

No evidence of animal
burrows or other damage
caused by wildlife observed.
Animal deterrent boxes are
filled with poison.

Animal burrows less than 6 inches in depth
anywhere on the slope of the embankment
without visible signs of seepage, or
embankment distress (e.g., cracking
slumping, settlement). Animal deterrent
boxes are lacking poison.

Animal burrows greater than 6 inches in
depth observed anywhere on the slope
of the embankment or animal burrows
are observed with visible signs of
seepage, or embankment distress (e.g.,
cracking slumping, settlement).

8.6 Visible parts of drainage
system

Discharge pipes have no
corrosion and paint is intact,
only minor touch ups
required.

Discharge pipes have minor corrosion, but
full function of the system remains.

Discharge pipes have major corrosion
and function of the system is impaired.
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9. Toe of Dam, Right Side

Assigned
Value

2

3

9.1 Seepage, boils, or standing
water at or beyond the toe of the
embankment

No evidence of seepage,
boils, or standing water
observed at or beyond the
toe of the embankment.

Small, damp areas observed at or beyond
the toe of the embankment observed. Areas
of seepage around the toe of the
embankment during “sunny day” conditions
and clear water indicating no sediment
transport around the spillway.

Seepage, boils, or standing water at or
beyond the toe of the embankment
observed. Active seepage observed at
the toe of the embankment during “sunny
day” conditions and cloudy water
indicating sediment transport.

9.2 Cracking

No cracks or minor surficial
cracks less than ¥4” wide that
have no observable pattern
indicative of movement along
a buried pipe.

Cracking greater than 4" wide along a
buried pipe which indicate a new or
progressing instability along the buried

pipe.

Cracking greater than 74" wide that is
progressing or changing along the buried
pipe indicating an active instability of the
embankment.

9.3 Heave or uplift at or beyond
the toe of the embankment

No heave or uplift at or
beyond the toe of the
embankment observed.

Localized areas of heave or uplift that are
unlikely to be associated with embankment
instability.

Areas of heave or uplift that indicate a
potential large-scale instability of the
embankment.

9.4 Settlement, sinkholes, or
other depressions (enhanced
risk along pipe alignments)

No sinkholes, depressions, or
settlement observed.

Dry sinkhole, depression, or vertical
settlement 6 inches or less in depth and
less than 3 feet in diameter observed.

Dry sinkhole, depression, or vertical
settlement greater than 6 inches in depth
or greater than 3 feet in diameter
observed or any sinkhole, depression, or
vertical settlement which has moisture,
seepage, or flow present.

9.5 Animal burrows or other
damage from wildlife

No evidence of animal
burrows or other damage
caused by wildlife observed.
Animal deterrent boxes are
filled with poison.

Animal burrows less than 6 inches in depth
anywhere on the slope of the embankment
without visible signs of seepage, or
embankment distress (e.g., cracking
slumping, settlement). Animal deterrent
boxes are lacking poison.

Animal burrows greater than 6 inches in
depth observed anywhere on the slope
of the embankment or animal burrows
are observed with visible signs of
seepage, or embankment distress (e.g.,
cracking slumping, settlement).

9.6 Visible parts of drainage
system

Discharge pipes have no
corrosion and paint is intact,
only minor touch ups
required.

Discharge pipes have minor corrosion, but
full function of the system remains.

Discharge pipes have major corrosion
and function of the system is impaired.
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Assigned
Value

3

10.1 Condition of inlet (potential
blockages or vegetation)

Inlet is clear of debris that
would inhibit flow.

Inlet is blocked by debris, but the blockage
is likely to be washed away in a high flow
event.

Inlet may become blocked such that flow
capacity would be impeded during a high
flow event or greater than 25% of the
spillway could be blocked by vegetation
or other obstructions.

10.2 Condition of channel
(potential blockages or
vegetation)

Channel is clear of debris that
would inhibit flow.

Channel is blocked by debris, but the
blockage is likely to be washed away in a
high flow event.

Channel may become blocked such that
flow capacity would be impeded during a
high flow event or greater than 25% of
the spillway could be blocked by
vegetation or other obstructions.

10.3 Animal burrows or other
damage from wildlife

No evidence of animal
burrows or other damage
caused by wildlife observed.
Animal deterrent boxes are
filled with poison.

Animal burrows less than 6 inches in depth
anywhere on the slope of the embankment
without visible signs of seepage, or
embankment distress (e.g., cracking
slumping, settlement). Animal deterrent
boxes are lacking poison.

Animal burrows greater than 6 inches in
depth observed anywhere on the slope
of the embankment or animal burrows
are observed with visible signs of
seepage, or embankment distress (e.g.,
cracking slumping, settlement).

10.4 Condition of spillway outlet
(potential blockages or
vegetation)

Outlet is clear of debris that
would inhibit flow.

Outlet is blocked by debris, but the
blockage is likely to be washed away in a
high flow event.

Outlet may become blocked such that
flow capacity would be impeded during a
high flow event or greater than 25% of
the spillway could be blocked by
vegetation or other obstructions. Woody
vegetation is observed.
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Section 2: Instrumentation Observations and Measurements

Crack measurements, drain and seepage flows, and instrumentation readings are not recorded on this report, they are tracked by

IRWD Operations staff using Microsoft Teams and spreadsheets.

Reservoir / Upstream Yes No  Unknown  N/A
1. Crack measurements taken on the liner. O O N 0
Drainage Elements and Weirs
1. Flow measurements obtained. 0 0 0 0
2. Measured flow from the drains is within normal and expected
range.
3. Seepage water is clear. 0 0 0 0
Piezometers and Groundwater Levels
1. Piezometer measurement taken. 0 O 0 0
2. Piezometer results within normal and expected range. 0 0 0 0
3. Piezometers are in good working condition. N N N N
4. Piezometer spreadsheet was populated. O O 0 0
Section 3: Annual or Periodic Inspection CIN/A
Inspection ltems Yes No Unknown N/A
1. Valves are in good working condition and were exercised 0 0 0 0
during the inspection.
2. Drain vaults inspected and in good working condition. 0 0 O O
3. Survey completed 0 0 O 0
4. Drone (UAV) flight completed 0 0 0 0
(8-5-year frequency or as required).
5. Remotely Operated Vehicle (ROV) inspection completed 0 0 0 0
(3-5-year frequency or as required).
6. Emergency outlet valve was exercised and is in good . 0 0 0
condition.
If exercised, note the approximate volume discharge:
7. Aeration system was inspected and is in good condition. O O O 0
Section 4: Event Driven Inspection CIN/A

Event driven inspections include observations following earthquake or storm events. These inspections are performed based on the

event thresholds established by IRWD.

Earthquake
1. Was the earthquake felt at the site? If so, complete the line below.
Date: Time: Magnitude:

2. Was the epicenter of the earthquake within 75 miles of the
dam with a magnitude of 4.0 or greater?

3. Were new cracks, sinkholes, depressions, or new/unusual
settlement identified during the inspection?

4. Have existing cracks, sinkholes, depressions, or areas of
unusual settlement changed since the last inspection?

Precipitation
1. Is water flowing through the spillway?
2. Are flows into and out of the reservoir performing as
anticipated and not damaging structures and the dam?

10

Yes

0

No

0

Distance (miles):

Unknown N/A

0 0

0 0

0 0

0 0
Unknown N/A

0 0

0 0

March 2023
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Section 5: Notes and Comments
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(\gj Water District

Syphon Safety Inspection Report

Section 6: Items that require further action, attention, or monitoring

(assigned values 2 or 3)

Item

Comment

Action

Confirmation # (if
applicable)

Section 7: Sign Off

Changed Conditions
Have any conditions changed since the previous inspection?

Have areas of distress been identified during this inspection?

Water Operations Inspector:

Water Operations Supervisor:

11

Dam Safety Engineer:

Signature:

Yes No
0 0
0 0

Signature:

Signature:

Unknown N/A
0J 0J
OJ OJ
Date:
Date:
Date:
March 2023
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Rattlesnake Canyon Dam Safety Inspection Report

Inspector(s): Inspection Date:
Weather Conditions: Rain Gauge Reading:
Reason for Inspection: Routine/Monthly [ Periodic [ Event-Driven [ Photos Taken: [ NO [ YES
Additional Comments:
Section 1: Visual Observations
. Assigned
1. Reservoir ehe L 2 3

No signs of erosion, sloughing, or
leaned or fallen trees observed in
the watershed upstream of the
embankment.

1.1 Assessment of the reservoir
area and visible watershed.

Areas of minor erosion, sloughing, or
leaned or fallen trees which do not
impact the reservoir or storage but
could pose a hazard to the reservoir
or storage volume in time.

Erosion, sloughing, or landslides within
the upstream watershed that have
impacted the reservoir or storage
volume.

No cracks or minor surficial cracks
less than %4” wide that have no
observable pattern indicative of
slope movement or failure.

2.1 Cracking

Cracking greater than 42” wide along

the embankment crest, or along the
alignment of pipes which may
indicate a new or progressing
instability of the embankment.

Cracking greater than 4" wide that is
progressing or changing along the
embankment crest, or along the
alignment of pipes that may indicate an
active instability of the embankment.

Liner is free of weeds and trash. No
shrubs or trees observed growing in
the liner.

2.2 Vegetation

Weeds or trash observed on the
liner.

Shrubs or trees growing in the liner.

2.3 Settlement, sinkholes, or
other depressions (enhanced
risk along pipe alignments

No sinkholes, depressions, or
settlement observed.

Sinkhole, depression, or vertical
settlement 6 inches or less in depth
and less than 3 feet in diameter
observed.

Sinkhole, depression, or vertical
settlement greater than 6 inches in depth
or greater than 3 feet in diameter
observed.

No evidence of animal burrows or
other damage caused by wildlife
observed. Animal deterrent boxes
are filled with poison.

2.4 Animal burrows or other
damage from wildlife

Animal burrows less than 6 inches in
depth anywhere on the slope of the
embankment without visible signs of
seepage, or embankment distress
(e.g., cracking slumping, settlement).
Animal deterrent boxes are lacking
poison.

Animal burrows greater than 6 inches in
depth observed anywhere on the slope
of the embankment or animal burrows
are observed with visible signs of
seepage, or embankment distress (e.g.,
cracking slumping, settlement).

1

Exhibit 5.4 - Rattlesnake Dam Safety
Inspection Report
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No evidence of damp areas,
seepage, or areas which are

Damp areas, seepage, or areas which
are significantly “greener” or have

Damp areas, of seepage, or areas which are
significantly “greener” or have flourishing

3.1 Seepage significantly “greener” or {Lodﬁgzggggn\gegsé?:\;%ms t’: gncslgzitwater vegetation and cloudy water indicating
have flourishing vegetation. through the embankment. sediment transport through the embankment.
No cracks or minor surficial Cracking greater than 4" wide along Cracking greater than 4" wide that is
) cracks less than 4" wide the embankment crest, or along the progressing or changing along the
3.2 Cracklng that have no observable alignment of pipes which indicate a new | embankment crest, or along the alignment of

pattern indicative of slope
movement or failure.

or progressing instability of the
embankment.

pipes indicating an active instability of the
embankment.

3.3 Settlement, sinkholes, or
other depressions (enhanced
risk along pipe alignments)

No sinkholes, depressions,
or settlement observed.

Dry sinkhole, depression, or vertical
settlement 6 inches or less in depth and
less than 3 feet in diameter observed.

Dry sinkhole, depression, or vertical
settlement greater than 6 inches in depth or
greater than 3 feet in diameter observed or
any sinkhole, depression, or vertical
settlement which has moisture, seepage, or
flow present.

3.4 Sliding, sloughing, or bulging
(other slope movements)

No evidence of sliding,
sloughing, or bulging.

Evidence of sliding, sloughing, or
bulging that does not involve the entire
downstream slope of the embankment.

Evidence of sliding, sloughing, or bulging
which involves the entire slope of the
embankment from crest to toe.

3.5 Surface erosion

No erosion observed on the
embankment.

Areas of minor erosion observed along
downstream slope of the embankment
less than 6 inches deep and less than 1
foot wide.

Erosion of the downstream face or the
embankment which is greater than 6 inches
deep or greater than 1 foot wide or that has
the potential to back cut into the crest of the
embankment.

3.6 Vegetation

Weeds or grasses are
maintained at 6 inches in
height or less. No woody
vegetation observed.
Embankment is free of
vegetation such that the
face of the embankment is
clearly visible from the
established inspection
routes.

Weeds or grasses are greater than 6
inches in height. Vegetation which
impedes up to 25% of the visual
inspection of the embankment and
limits observation of the embankment
from the established inspection routes
or woody vegetation is observed.

Vegetation which impedes greater than 25%
of the visual inspection of the embankment
and limits observation of the embankment
from the established inspection routes.

3.7 Animal burrows or other
damage from wildlife

No evidence of animal
burrows or other damage
caused by wildlife observed.
Animal deterrent boxes are
filled with poison.

Animal burrows less than 6 inches in
depth anywhere on the slope of the
embankment without visible signs of
seepage, or embankment distress (e.g.,
cracking slumping, settlement). Animal
deterrent boxes are lacking poison.

Animal burrows greater than 6 inches in depth
observed anywhere on the slope of the

embankment or animal burrows are observed
with visible signs of seepage, or embankment
distress (e.g., cracking slumping, settlement).
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No evidence of damp areas,
seepage, or areas which are

Damp areas, seepage, or areas which
are significantly “greener” or have

Damp areas, seepage, or areas which are
significantly “greener” or have flourishing

4.1 Seepage significantly “greener” or if:]odtigzt?:]ng n‘fgg&?ﬁf&f tr:g nc;ez:twater vegetation and cloudy water indicating
have flourishing vegetation. through '?he abutment p sediment transport through the abutment.
No cracks or minor surficial
cracks less than 4" wide Cracking greater than %4” wide along . P .

4.2 Cracking that have no observable the abutment, which indicate a new or Cracking greater than %" wide that is

pattern indicative of slope
movement or failure.

progressing instability of the abutment.

progressing or changing along the abutment.

4.3 Settlement, sinkholes, or
other depressions (enhanced
risk along pipe alignments)

No sinkholes, depressions,
or settlement observed.

Dry sinkhole, depression, or vertical
settlement 6 inches or less in depth and
less than 3 feet in diameter observed.

Dry sinkhole, depression, or vertical
settlement greater than 6 inches in depth or
greater than 3 feet in diameter observed or
any sinkhole, depression, or vertical
settlement which has moisture, seepage, or
flow present.

4.4 Sliding, sloughing, or bulging
(other slope movements)

No evidence of sliding,
sloughing, or bulging.

Evidence of sliding, sloughing, or
bulging that does not involve the entire
downstream slope of the abutment.

Evidence of sliding, sloughing, or bulging
which involves the entire slope of the
abutment from dam crest to toe.

4.5 Surface erosion

No erosion observed on the
abutment.

Areas of minor erosion observed along
the abutment less than 6 inches deep
and less than 1 foot wide.

Erosion of the abutment which is greater than
6 inches deep or greater than 1 foot wide or
that has the potential to back cut into the crest
of the embankment.

4.6 Animal burrows or other
damage from wildlife

No evidence of animal
burrows or other damage
caused by wildlife observed.
Animal deterrent boxes are
filled with poison.

Animal burrows less than 6 inches in
depth anywhere on the slope of the
embankment without visible signs of
seepage, or embankment distress (e.g.,
cracking slumping, settlement). Animal
deterrent boxes are lacking poison.

Animal burrows greater than 6 inches in depth
observed anywhere on the slope of the

embankment or animal burrows are observed
with visible signs of seepage, or embankment
distress (e.g., cracking slumping, settlement).

4.7 Access road

Road surface is even with
no rutting, wash boarding, or
erosion.

Areas of minor rutting, wash boarding,
or erosion but vehicle access is not
impaired.

Areas of rutting, wash boarding, or erosion
which limits vehicle access to the dam.
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5. Dam Crest and

pattern indicative of slope
movement or failure.

or progressing instability of the
embankment.

Assigned
Upstream Embankment, P 1 2 3
Right Side
No cracks or minor surficial | Cracking greater than ¥42” wide along the Cracking greater than 74" wide that is
cracks less than 4" wide embankment crest, or along the progressing or changing along the
5.1 Cracking that have no observable alignment of pipes which indicate a new embankment crest, or along the alignment of

pipes indicating an active instability of the
embankment.

5.2 Vegetation

Liner is free of weeds and
trash. No shrubs or trees
observed growing in the
liner.

Weeds or trash observed on the liner.

Shrubs or trees growing in the liner.

5.3 Animal burrows or other
damage from wildlife

No evidence of animal
burrows or other damage
caused by wildlife
observed. Animal deterrent
boxes are filled with
poison.

Animal burrows less than 6 inches in
depth anywhere on the slope of the
embankment without visible signs of
seepage, or embankment distress (e.g.,
cracking slumping, settlement). Animal
deterrent boxes are lacking poison.

Animal burrows greater than 6 inches in depth
observed anywhere on the slope of the

embankment or animal burrows are observed
with visible signs of seepage, or embankment
distress (e.g., cracking slumping, settlement).
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6. Downstream
Embankment, Right Side

Assigned
Value

1

2

No evidence of damp
areas, seepage, or areas

Damp areas, seepage, or areas which
are significantly “greener” or have

Damp areas, seepage, or areas which are
significantly “greener” or have flourishing

6.1 Seepage YVhICh ar? significantly _ﬂogrlshlng vegeta_ltlon and clear water vegetation and cloudy water indicating
greener” or have indicating no sediment transport through .
- . sediment transport through the embankment.
flourishing vegetation. the embankment.
No cracks or minor surficial | Cracking greater than 2" wide along the Cracking greater than 4" wide that is
cracks less than 4" wide embankment crest, or along the progressing or changing along the
6.2 Cracking that have no observable alignment of pipes which indicate a new embankment crest, or along the alignment of

pattern indicative of slope
movement or failure.

or progressing instability of the
embankment.

pipes indicating an active instability of the
embankment.

6.3 Settlement, sinkholes, or
other depressions (enhanced
risk along pipe alignments)

No sinkholes, depressions,
or settlement observed.

Dry sinkhole, depression, or vertical
settlement 6 inches or less in depth and
less than 3 feet in diameter observed.

Dry sinkhole, depression, or vertical
settlement greater than 6 inches in depth or
greater than 3 feet in diameter observed or
any sinkhole, depression, or vertical
settlement which has moisture, seepage, or
flow present.

6.4 Sliding, sloughing, or bulging
(other slope movements)

No evidence of sliding,
sloughing, or bulging.

Evidence of sliding, sloughing, or bulging
that does not involve the entire
downstream slope of the embankment.

Evidence of sliding, sloughing, or bulging
which involves the entire slope of the
embankment from crest to toe.

6.5 Surface erosion

No erosion observed on
the embankment.

Areas of minor erosion observed along
downstream slope of the embankment
less than 6 inches deep and less than 1
foot wide.

Erosion of the downstream face or the
embankment which is greater than 6 inches
deep or greater than 1 foot wide or that has
the potential to back cut into the crest of the
embankment.

6.6 Vegetation

Weeds or grasses are
maintained at 6 inches in
height or less. No woody
vegetation observed.
Embankment is free of
vegetation such that the
face of the embankment is
clearly visible from the
established inspection
routes.

Weeds or grasses are greater than 6
inches in height. Vegetation which
impedes up to 25% of the visual
inspection of the embankment and limits
observation of the embankment from the
established inspection routes or woody
vegetation is observed.

Vegetation which impedes greater than 25%
of the visual inspection of the embankment
and limits observation of the embankment
from the established inspection routes.

6.7 Animal burrows or other
damage from wildlife

No evidence of animal
burrows or other damage
caused by wildlife
observed. Animal deterrent
boxes are filled with
poison.

Animal burrows less than 6 inches in
depth anywhere on the slope of the
embankment without visible signs of
seepage, or embankment distress (e.g.,
cracking slumping, settlement). Animal
deterrent boxes are lacking poison.

Animal burrows greater than 6 inches in depth
observed anywhere on the slope of the

embankment or animal burrows are observed
with visible signs of seepage, or embankment
distress (e.g., cracking slumping, settlement).
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No evidence of damp areas,
seepage, or areas which are

Damp areas, seepage, or areas which are
significantly “greener” or have flourishing

Rattlesnake Canyon Dam Safety Inspection Report

Damp areas, seepage, or areas which
are significantly “greener” or have

indicative of slope movement
or failure.

progressing instability of the abutment.

7.1 Seepage significantly “greener” or have | vegetation and clear water indicating no {L%?S;‘Q:‘ngs\;%?;tggfg aannsd g:??ﬁ%tvjvaﬁrhe
flourishing vegetation. sediment transport through the abutment. abutmen% P 9
No cracks or minor surficial
cracks less than 2" wide that | Cracking greater than %4” wide along the Cracking greater than 4" wide that is
7.2 Cracking have no observable pattern abutment, which indicate a new or progressing or changing along the

abutment.

7.3 Settlement, sinkholes, or
other depressions (enhanced
risk along pipe alignments)

No sinkholes, depressions, or
settlement observed.

Dry sinkhole, depression, or vertical
settlement 6 inches or less in depth and
less than 3 feet in diameter observed.

Dry sinkhole, depression, or vertical
settlement greater than 6 inches in depth
or greater than 3 feet in diameter
observed or any sinkhole, depression, or
vertical settlement which has moisture,
seepage, or flow present.

7.4 Sliding, sloughing, or bulging
(other slope movements)

No evidence of sliding,
sloughing, or bulging.

Evidence of sliding, sloughing, or bulging
that is small, shallow, or does not involve
the entire slope of the abutment.

Evidence of sliding, sloughing, or bulging
which involves the entire slope of the
abutment from dam crest to toe.

7.5 Surface erosion

No erosion observed on the
abutment.

Areas of minor erosion observed along the
abutment less than 6 inches deep and less
than 1 foot wide.

Erosion of the abutment which is greater
than 6 inches deep or greater than 1 foot
wide or that has the potential to back cut
into the crest of the embankment.

7.6 Animal burrows or other
damage from wildlife

No evidence of animal
burrows or other damage
caused by wildlife observed.
Animal deterrent boxes are
filled with poison.

Animal burrows less than 6 inches in depth
anywhere on the slope of the embankment
without visible signs of seepage, or
embankment distress (e.g., cracking
slumping, settlement). Animal deterrent
boxes are lacking poison.

Animal burrows greater than 6 inches in
depth observed anywhere on the slope
of the embankment or animal burrows
are observed with visible signs of
seepage, or embankment distress (e.g.,
cracking slumping, settlement).
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8. Toe of Dam, Left Side

Assigned
Value

2

3

8.1 Seepage, boils, or standing
water at or beyond the toe of the
embankment

No evidence of seepage,
boils, or standing water
observed at or beyond the
toe of the embankment.

Small, damp areas observed at or beyond
the toe of the embankment observed. Areas
of seepage around the toe of the
embankment during “sunny day” conditions
and clear water indicating no sediment
transport around the spillway.

Seepage, boils, or standing water at or
beyond the toe of the embankment
observed. Active seepage observed at
the toe of the embankment during “sunny
day” conditions and cloudy water
indicating sediment transport.

8.2 Cracking

No cracks or minor surficial
cracks less than 4" wide that
have no observable pattern
indicative of movement along
a buried pipe.

Cracking greater than 4" wide along a
buried pipe which indicate a new or
progressing instability along the buried
pipe.

Cracking greater than 74" wide that is
progressing or changing along the buried
pipe indicating an active instability of the
embankment.

8.3 Heave or uplift at or beyond
the toe of the embankment

No heave or uplift at or
beyond the toe of the
embankment observed.

Localized areas of heave or uplift that are
unlikely to be associated with embankment
instability.

Areas of heave or uplift that indicate a
potential large-scale instability of the
embankment.

8.4 Settlement, sinkholes, or
other depressions (enhanced
risk along pipe alignments)

No sinkholes, depressions, or
settlement observed.

Dry sinkhole, depression, or vertical
settlement 6 inches or less in depth and
less than 3 feet in diameter observed.

Dry sinkhole, depression, or vertical
settlement greater than 6 inches in depth
or greater than 3 feet in diameter
observed or any sinkhole, depression, or
vertical settlement which has moisture,
seepage, or flow present.

8.5 Animal burrows or other
damage from wildlife

No evidence of animal
burrows or other damage
caused by wildlife observed.
Animal deterrent boxes are
filled with poison.

Animal burrows less than 6 inches in depth
anywhere on the slope of the embankment
without visible signs of seepage, or
embankment distress (e.g., cracking
slumping, settlement). Animal deterrent
boxes are lacking poison.

Animal burrows greater than 6 inches in
depth observed anywhere on the slope
of the embankment or animal burrows
are observed with visible signs of
seepage, or embankment distress (e.g.,
cracking slumping, settlement).

8.6 Visible parts of drainage
system

Discharge pipes have no
corrosion.

Discharge pipes have minor corrosion, but
full function of the system remains.

Discharge pipes have major corrosion
and function of the system is impaired.

8.7 Emergency spillway outlet
pipe

Emergency spillway outlet
pipe has no corrosion.

Emergency spillway outlet pipe has minor
corrosion, but full function of the system
remains.

Emergency spillway outlet pipe has
major corrosion and function of the
system is impaired.
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9. Toe of Dam, Right Side

Assigned
Value

2

3

9.1 Seepage, boils, or standing
water at or beyond the toe of the
embankment

No evidence of seepage,
boils, or standing water
observed at or beyond the
toe of the embankment.

Small, damp areas observed at or beyond
the toe of the embankment observed. Areas
of seepage around the toe of the
embankment during “sunny day” conditions
and clear water indicating no sediment
transport around the spillway.

Seepage, boils, or standing water at or
beyond the toe of the embankment
observed. Active seepage observed at
the toe of the embankment during “sunny
day” conditions and cloudy water
indicating sediment transport.

9.2 Cracking

No cracks or minor surficial
cracks less than ¥4” wide that
have no observable pattern
indicative of movement along
a buried pipe.

Cracking greater than 4" wide along a
buried pipe which indicate a new or
progressing instability along the buried

pipe.

Cracking greater than 42” wide that is
progressing or changing along the buried
pipe indicating an active instability of the
embankment.

9.3 Heave or uplift at or beyond
the toe of the embankment

No heave or uplift at or
beyond the toe of the
embankment observed.

Localized areas of heave or uplift that are
unlikely to be associated with embankment
instability.

Areas of heave or uplift that indicate a
potential large-scale instability of the
embankment.

9.4 Settlement, sinkholes, or
other depressions (enhanced
risk along pipe alignments)

No sinkholes, depressions, or
settlement observed.

Dry sinkhole, depression, or vertical
settlement 6 inches or less in depth and
less than 3 feet in diameter observed.

Dry sinkhole, depression, or vertical
settlement greater than 6 inches in depth
or greater than 3 feet in diameter
observed or any sinkhole, depression, or
vertical settlement which has moisture,
seepage, or flow present.

9.5 Animal burrows or other
damage from wildlife

No evidence of animal
burrows or other damage
caused by wildlife observed.
Animal deterrent boxes are
filled with poison.

Animal burrows less than 6 inches in depth
anywhere on the slope of the embankment
without visible signs of seepage, or
embankment distress (e.g., cracking
slumping, settlement). Animal deterrent
boxes are lacking poison.

Animal burrows greater than 6 inches in
depth observed anywhere on the slope
of the embankment or animal burrows
are observed with visible signs of
seepage, or embankment distress (e.g.,
cracking slumping, settlement).

9.6 Access road

Road surface is even with no
rutting, wash boarding, or
erosion.

Areas of minor rutting, wash boarding, or
erosion but vehicle access is not impaired.

Areas of rutting, wash boarding, or
erosion which limits vehicle access to the
dam.
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Assigned
Value

1

10.1 Concrete condition
(movement or offsets at joints,
cracking, pitting, breakage)

Negligible joint movement,
cracking, pitting, breakage, or
spalling.

Localized spalling, scaling, or cracking
observed.

Widespread spalling, scaling, or cracking
present.

10.2 Sidewall drains

No debris or vegetation
observed in the sidewall
drains.

Debris and vegetation obstructing less than
half of the capacity in the sidewall drains.
Debris observed will wash away in an event
where half of the capacity of the drains is
required.

Significant debris or vegetation is present
in the sidewall drains that could
significantly compromise the
performance of the sidewall drains.

10.3 Vegetation

No weeds, shrubs, sediment,
or trees observed growing in
the liner.

Sediment, trees less than 4" in diameter,
brush, or other vegetation growing in the
liner that may impede the free flow of water.

Shrubs or trees larger than 4 “diameter
observed growing in the liner.

10.4 Animal burrows or other
damage from wildlife

No evidence of animal
burrows or other damage
caused by wildlife observed.
Animal deterrent boxes are
filled with poison.

Animal burrows less than 6 inches in depth
anywhere on the slope of the embankment
without visible signs of seepage, or
embankment distress (e.g., cracking
slumping, settlement). Animal deterrent
boxes are lacking poison.

Animal burrows greater than 6 inches in
depth observed anywhere on the slope
of the embankment or animal burrows
are observed with visible signs of
seepage, or embankment distress (e.g.,
cracking slumping, settlement).

10.5 Erosion or undermining at
concrete inlet

No active erosion or scouring
around the concrete
structures.

Localized areas of erosion or scouring
around the concrete structures less than 1
foot deep in any direction.

Widespread erosion or scouring leading
to large or long unsupported sections of
concrete.

10.6 Condition of inlet (potential
blockages or vegetation)

Inlet is clear of debris that
would inhibit flow.

Inlet is blocked by debris, but the blockage
is likely to be washed away in a high flow
event.

Inlet may become blocked such that flow
capacity would be impeded during a high
flow event or greater than 25% of the
spillway could be blocked by vegetation
or other obstructions.

10.7 Condition of spillway
approach (potential blockages or
vegetation)

Inlet is clear of debris that
would inhibit flow.

Inlet is blocked by debris, but the blockage
is likely to be washed away in a high flow
event.

Inlet may become blocked such that flow
capacity would be impeded during a high
flow event or greater than 25% of the
spillway could be blocked by vegetation
or other obstructions. Woody vegetation
is observed.

10.8 Condition of spillway
approach cracking

No cracks or minor surficial
cracks less than 4" wide that
have no observable pattern
indicative of slope movement
or failure.

Cracking greater than 4" wide along the
embankment crest, or along the alignment
of pipes which may indicate a new or
progressing instability of the embankment.

Cracking greater than %4” wide that is
progressing or changing along the
embankment crest, or along the
alignment of pipes that may indicate an
active instability of the embankment.

10.9 Erosion or undermining at
spillway outlet

No active erosion or scouring
around the concrete
structures.

Areas of erosion or scouring around the
concrete structures less than 1 foot deep in
any direction.

Erosion or scouring leading to large or
long unsupported sections of concrete.

10.10 Seepage around or
underneath spillway slab

No evidence of seepage,
damp areas, or boils are
observed around the spillway
alignment or beneath spillway
slabs.

Areas of seepage around the spillway or
flow at the toe of the spillway prior to a spill
event and during “sunny day” conditions
and clear water indicating no sediment
transport around the spillway.

Active seepage observed outside of the
spillway or at the toe of the spillway prior
to a spill event and during “sunny day”
conditions and cloudy water indicating
sediment transport.

|| Spillway channel

| 9

|| Spillway crest

|| spillway approach

|| Energy dissipator
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Section 2: Instrumentation Observations and Measurements

Crack measurements, drain and seepage flows, and instrumentation readings are not recorded on this report, they are tracked by
IRWD Operations staff using Microsoft Teams and spreadsheets.

Reservoir / Upstream Yes No  Unknown  N/A
1. Crack measurements taken on the liner. 0 0 0 0
Drainage Elements and Weirs

1. Flow measurements obtained. 0 0 0 0
2. Measured flow from the drains is within normal and expected . . . .
range.
3. Seepage water is clear. 0 0 0 0
4. Grab Samples Obtained 0 0 0 0
5. Alarm float in MH #1 is in good working condition. 0 0 0 0
Piezometers and Groundwater Levels
1. Piezometer measurement taken. O O O O
2. Piezometer results within normal and expected range. 0 0 0 0
3. Piezometers are in good working condition. O O 0 0
4. Piezometer Spreadsheet was populated. 0 0 0 0
U U U
Section 3: Annual or Periodic Inspection CIN/A
Inspection ltems Yes No Unknown N/A
1. Valves are in good working condition and were exercised . . . 0
during the inspection.
2. Drain vaults inspected and in good working condition. 0 0 O 0
3. Survey completed 0 0 O 0
4. Drone (UAV) flight completed 0 0 0 0
(8-5-year frequency or as required).
5. Remotely Operated Vehicle (ROV) inspection completed 0 0 0 0
(3-5-year frequency or as required).
6. Emergency outlet valve was exercised and is in good . . 0 .
condition.
If exercised, note the approximate volume discharge:
7. Aeration system was inspected and is in good condition. 0 0 O 0
Section 4: Event Driven Inspection CIN/A

Event driven inspections include observations following earthquake or storm events. These inspections are performed based on the
event thresholds established by IRWD.

Earthquake Yes No Unknown N/A
1. Was the earthquake felt at the site? If so, complete the line below. 0 0 0 0
Date: Time: Magnitude: Distance (miles):

2. Was the epicenter of the earthquake within 75 miles of the
dam with a magnitude of 4.0 or greater?

3. Were new cracks, sinkholes, depressions, or new/unusual
settlement identified during the inspection?

4. Have existing cracks, sinkholes, depressions, or areas of

unusual settlement changed since the last inspection? . . - :
Precipitation Yes No Unknown N/A
1. Is water flowing through the spillway? 0 0 0 0
2. Are flows into and out of the reservoir performing as . 0 0 0
anticipated and not damaging structures and the dam?
10
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Section 5: Notes and Comments

Section 6: Items that require further action, attention, or monitoring
(assigned values 2 or 3)

Item Comment Action Conﬁrmatlon # (if
applicable)
Section 7: Sign Off
Changed Conditions Yes No  Unknown  N/A
Have any conditions changed since the previous inspection? O O O 0
Have areas of distress been identified during this inspection? 0 0 0 0
Water Operations Inspector: Signature: Date:
Water Operations Supervisor: Signature: Date:
Dam Safety Engineer: Signature: Date:
11
March 2023
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Santiago Creek Dam Safety Inspection Report

P Irvine Ranch

k‘ Water District

Inspector(s): Inspection Date:
Weather Conditions: Rain Gauge Reading:
Reason for Inspection: Routine/Monthly [ Periodic [ Event-Driven [J Photos Taken: [ NO [ YES
Additional Comments:
Section 1: Visual Observations
Reservoir P 1 2 3

Areas of minor erosion, sloughing, or

leaned or fallen trees which do not Erosion, sloughing, or landslides within

No signs of erosion, sloughing, or

Assessment of the reservoir
area and visible watershed.

leaned or fallen trees observed in

the watershed upstream of the
embankment.

or storage volume in time.

impact the reservoir or storage but
could pose a hazard to the reservoir

the upstream watershed that have
impacted the reservoir or storage
volume.

No evidence of damp areas,
seepage, or areas which are

Damp areas, seepage, or areas which
are significantly “greener” or have

Damp areas, seepage, or areas which are
significantly “greener” or have flourishing

pattern indicative of slope
movement or failure.

progressing instability of the abutment.

0.1 Seepage significantly “greener” or iﬂno dﬁg;;‘;ngn\gegga?g%mf tl: gncsle?):twater vegetation and cloudy water indicating
have flourishing vegetation. 9 p sediment transport through the abutment.
through the abutment.
No cracks or minor surficial
cracks less than 2" wide Cracking greater than %" wide along . T .
0.2 Cracking that have no observable the abutment, which indicate a new or Cracking greater than 4" wide that is

progressing or changing along the abutment.

0.3 Settlement, sinkholes, or
other depressions (enhanced
risk along pipe alignments)

No sinkholes, depressions,
or settlement observed.

Dry sinkhole, depression, or vertical
settlement 6 inches or less in depth and
less than 3 feet in diameter observed.

Dry sinkhole, depression, or vertical
settlement greater than 6 inches in depth or
greater than 3 feet in diameter observed or
any sinkhole, depression, or vertical
settlement which has moisture, seepage, or
flow present.

0.4 Sliding, sloughing, or bulging
(other slope movements)

No evidence of sliding,
sloughing, or bulging.

Evidence of sliding, sloughing, which
does not involve the entire slope of the
abutment.

Evidence of sliding, sloughing, or bulging
which involves the entire slope of the
abutment from dam crest to toe.

0.5 Surface erosion

No erosion observed on the
abutment.

Areas of minor erosion observed along
the abutment less than 6 inches deep
and less than 1 foot wide.

Erosion of the abutment which is greater than
6 inches deep or greater than 1 foot wide or
that has the potential to back cut into the crest
of the embankment.

1

March 2023

Exhibit 5.5 - San Joaquin Dam Safety
Inspection Report
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Santiago Creek Dam Safety Inspection Report

Area 1. Spillway

Assigned
Value

1

1.1 Concrete condition

(movement or offsets at joints,
cracking, pitting, breakage)

Negligible joint movement,
cracking, pitting, breakage, or
spalling.

Localized spalling, scaling, or cracking
observed.

Widespread spalling, scaling, or cracking
present.

1.2 Sliding, sloughing, or bulging

(slope above spillway)

No evidence of sliding,
sloughing, or bulging.

Evidence of sliding, sloughing, or bulging
that is small, shallow, or does not impact
the spillway.

Evidence of sliding, sloughing, or bulging
which impacts the spillway.

1.3 Surface erosion (slope

above spillway

No erosion observed on the
slope.

Areas of minor erosion observed on the
slope less than 6 inches deep and less than
1 foot wide but does not impact the
spillway.

Erosion of the slope which is greater
than 6 inches deep or greater than 1 foot
wide or that has the potential to impact
the spillway.

1.4 Erosion or undermining at

the gates

No active erosion or scouring
around the concrete
structures.

Localized areas of erosion or scouring
around the concrete structures less than 1
foot deep in any direction.

Widespread erosion or scouring leading
to large or long unsupported sections of
concrete.

1.5 Condition of inlet at the
gates (potential blockages or

vegetation)

Inlet is clear of debris that
would inhibit flow.

Inlet is blocked by debris, but the blockage
is likely to be washed away in a high flow
event.

Inlet may become blocked such that flow
capacity would be impeded during a high
flow event or greater than 25% of the
spillway could be blocked by vegetation
or other obstructions.

1.6 Condition of spillway

approach (potential blockages or

vegetation)

Inlet is clear of debris that
would inhibit flow.

Inlet is blocked by debris, but the blockage
is likely to be washed away in a high flow
event.

Inlet may become blocked such that flow
capacity would be impeded during a high
flow event or greater than 25% of the
spillway could be blocked by vegetation
or other obstructions. Woody vegetation
is observed.

1.7 Erosion or undermining at

spillway outlet

No active erosion or scouring
around the concrete
structures.

Areas of erosion or scouring around the
concrete structures less than 1 foot deep in
any direction.

Erosion or scouring leading to large or
long unsupported sections of concrete.

1.8 Seepage around or
underneath spillway slab

No evidence of seepage,
damp areas, or boils are
observed around the spillway
alignment or beneath spillway
slabs.

Areas of seepage around the spillway or
flow at the toe of the spillway prior to a spill
event and during “sunny day” conditions
and clear water indicating no sediment
transport around the spillway.

Active seepage observed outside of the
spillway or at the toe of the spillway prior
to a spill event and during “sunny day”
conditions and cloudy water indicating
sediment transport.

[ ] spillway channel

[ ] spillway crest

[ ] spillway approach

[ ] Energy dissipator
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3.1 Cracking

No cracks or minor surficial cracks
less than 4" wide that have no
observable pattern indicative of
slope movement or failure.

Cracking greater than 4” wide along
the embankment crest, or along the
alignment of pipes which may
indicate a new or progressing
instability of the embankment.

Santiago Creek Dam Safety Inspection Report

Cracking greater than 4" wide that is
progressing or changing along the
embankment crest, or along the
alignment of pipes that may indicate an
active instability of the embankment.

3.2 Vegetation

Liner is free of weeds and trash. No
shrubs or trees observed growing in
the liner.

Weeds or trash observed on the
liner.

Shrubs or trees growing in the liner.

3.3 Animal burrows or other
damage from wildlife

No evidence of animal burrows or
other damage caused by wildlife
observed. Animal deterrent boxes
are filled with poison.

Animal burrows less than 6 inches in
depth anywhere on the slope of the
embankment without visible signs of
seepage, or embankment distress

(e.g., cracking slumping, settlement).

Animal deterrent boxes are lacking
poison.

Animal burrows greater than 6 inches in
depth observed anywhere on the slope
of the embankment or animal burrows
are observed with visible signs of
seepage, or embankment distress (e.g.,
cracking slumping, settlement).
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No evidence of damp areas,
seepage, or areas which are

Damp areas, seepage, or areas which are
significantly “greener” or have flourishing

Santiago Creek Dam Safety Inspection Report

Damp areas, of seepage, or areas which
are significantly “greener” or have

indicative of slope movement
or failure.

4.1 Seepage e . » vegetation and clear water indicating no flourishing vegetation and cloudy water
bagd zlc?ﬁrllfslz?r?gt;l)\l/ e%ﬁg:ﬁ; orhave sediment transport through the indicating sediment transport through the
) embankment. embankment.
No cracks or minor surficial Cracking greater than %" wide along the Cracking greater than %4” wide that is
] cracks less than 4" wide that embankment crest. or along the alignment progressing or changing along the
4.2 Cracking have no observable pattern ' 9 9 embankment crest, or along the

of pipes which indicate a new or
progressing instability of the embankment.

alignment of pipes indicating an active
instability of the embankment.

4.3 Settlement, sinkholes, or
other depressions (enhanced
risk along pipe alignments)

No sinkholes, depressions, or
settlement observed.

Dry sinkhole, depression, or vertical
settlement 6 inches or less in depth and
less than 3 feet in diameter observed.

Dry sinkhole, depression, or vertical
settlement greater than 6 inches in depth
or greater than 3 feet in diameter
observed or any sinkhole, depression, or
vertical settlement which has moisture,
seepage, or flow present.

4.4 Sliding, sloughing, or bulging
(other slope movements)

No evidence of sliding,
sloughing, or bulging.

Evidence of sliding, sloughing, which does
not involve the entire downstream slope of
the embankment.

Evidence of sliding, sloughing, or bulging
which involves the entire slope of the
embankment from crest to toe.

4.5 Surface erosion

No erosion observed on the
embankment.

Areas of minor erosion observed along
downstream slope of the embankment less
than 6 inches deep and less than 1 foot
wide.

Erosion of the downstream face or the
embankment which is greater than 6
inches deep or greater than 1 foot wide
or that has the potential to back cut into
the crest of the embankment.

4.6 Vegetation

Weeds or grasses are
maintained at 6 inches in
height or less. No woody
vegetation observed.
Embankment is free of
vegetation such that the face
of the embankment is clearly
visible from the established
inspection routes.

Weeds or grasses are greater than 6 inches
in height. Vegetation which impedes up to
25% of the visual inspection of the
embankment and limits observation of the
embankment from the established
inspection routes or woody vegetation is
observed.

Vegetation which impedes greater than
25% of the visual inspection of the
embankment and limits observation of
the embankment from the established
inspection routes.

4.7 Animal burrows or other
damage from wildlife

No evidence of animal
burrows or other damage
caused by wildlife observed.
Animal deterrent boxes are
filled with poison.

Animal burrows less than 6 inches in depth
anywhere on the slope of the embankment
without visible signs of seepage, or
embankment distress (e.g., cracking
slumping, settlement). Animal deterrent
boxes are lacking poison.

Animal burrows greater than 6 inches in
depth observed anywhere on the slope
of the embankment or animal burrows
are observed with visible signs of
seepage, or embankment distress (e.g.,
cracking slumping, settlement).
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Area 5. Toe of Dam, Left
Side

Assigned
Value

2

3

5.1 Seepage, boils, or standing
water at or beyond the toe of the
embankment

No evidence of seepage,
boils, or standing water
observed at or beyond the
toe of the embankment.

Small, damp areas observed at or beyond

the toe of the embankment observed. Areas

of seepage around the toe of the

embankment during “sunny day” conditions

and clear water indicating no sediment
transport around the spillway.

Seepage, boils, or standing water at or
beyond the toe of the embankment
observed. Active seepage observed at
the toe of the embankment during “sunny
day” conditions and cloudy water
indicating sediment transport.

5.2 Cracking

No cracks or minor surficial
cracks less than 4" wide that
have no observable pattern
indicative of movement along
a buried pipe.

Cracking greater than %4” wide along a
buried pipe which indicate a new or
progressing instability along the buried
pipe.

Cracking greater than 4" wide that is
progressing or changing along the buried
pipe indicating an active instability of the
embankment.

5.3 Heave or uplift at or beyond
the toe of the embankment

No heave or uplift at or
beyond the toe of the
embankment observed.

Localized areas of heave or uplift that are

unlikely to be associated with embankment

instability.

Areas of heave or uplift that indicate a
potential large-scale instability of the
embankment.

5.4 Settlement, sinkholes, or
other depressions (enhanced
risk along pipe alignments)

No sinkholes, depressions, or
settlement observed.

Dry sinkhole, depression, or vertical
settlement 6 inches or less in depth and
less than 3 feet in diameter observed.

Dry sinkhole, depression, or vertical
settlement greater than 6 inches in depth
or greater than 3 feet in diameter
observed or any sinkhole, depression, or
vertical settlement which has moisture,
seepage, or flow present.

5.5 Animal burrows or other
damage from wildlife

No evidence of animal
burrows or other damage
caused by wildlife observed.
Animal deterrent boxes are
filled with poison.

Animal burrows less than 6 inches in depth
anywhere on the slope of the embankment

without visible signs of seepage, or
embankment distress (e.g., cracking
slumping, settlement). Animal deterrent
boxes are lacking poison.

Animal burrows greater than 6 inches in
depth observed anywhere on the slope
of the embankment or animal burrows
are observed with visible signs of
seepage, or embankment distress (e.qg.,
cracking slumping, settlement).
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Area 6. Toe of Dam,
Right Side

Assigned
Value

2

3

6.1 Seepage, boils, or standing
water at or beyond the toe of the
embankment

No evidence of seepage,
boils, or standing water
observed at or beyond the
toe of the embankment.

Small, damp areas observed at or beyond

the toe of the embankment observed. Areas

of seepage around the toe of the

embankment during “sunny day” conditions

and clear water indicating no sediment
transport around the spillway.

Seepage, boils, or standing water at or
beyond the toe of the embankment
observed. Active seepage observed at
the toe of the embankment during “sunny
day” conditions and cloudy water
indicating sediment transport.

6.2 Cracking

No cracks or minor surficial
cracks less than 4" wide that
have no observable pattern
indicative of movement along
a buried pipe.

Cracking greater than %4” wide along a
buried pipe which indicate a new or
progressing instability along the buried

pipe.

Cracking greater than 4" wide that is
progressing or changing along the buried
pipe indicating an active instability of the
embankment.

6.3 Heave or uplift at or beyond
the toe of the embankment

No heave or uplift at or
beyond the toe of the
embankment observed.

Localized areas of heave or uplift that are

unlikely to be associated with embankment

instability.

Areas of heave or uplift that indicate a
potential large-scale instability of the
embankment.

6.4 Settlement, sinkholes, or
other depressions (enhanced
risk along pipe alignments)

No sinkholes, depressions, or
settlement observed.

Dry sinkhole, depression, or vertical
settlement 6 inches or less in depth and
less than 3 feet in diameter observed.

Dry sinkhole, depression, or vertical
settlement greater than 6 inches in depth
or greater than 3 feet in diameter
observed or any sinkhole, depression, or
vertical settlement which has moisture,
seepage, or flow present.

6.5 Animal burrows or other
damage from wildlife

No evidence of animal
burrows or other damage
caused by wildlife observed.
Animal deterrent boxes are
filled with poison.

Animal burrows less than 6 inches in depth
anywhere on the slope of the embankment

without visible signs of seepage, or
embankment distress (e.g., cracking
slumping, settlement). Animal deterrent
boxes are lacking poison.

Animal burrows greater than 6 inches in
depth observed anywhere on the slope
of the embankment or animal burrows
are observed with visible signs of
seepage, or embankment distress (e.g.,
cracking slumping, settlement).
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Area 7. Downstream
Embankment, Right Side

Assigned
Value

2

3

No evidence of damp areas,
seepage, or areas which are

Damp areas, seepage, or areas which are
significantly “greener” or have flourishing

Damp areas, seepage, or areas which
are significantly “greener” or have

indicative of slope movement
or failure.

7.1 Seepage S « » vegetation and clear water indicating no flourishing vegetation and cloudy water
S|gn|_f|cgntly greener" or have sediment transport through the indicating sediment transport through the
flourishing vegetation.

embankment. embankment.
No cracks or minor surficial . s Cracking greater than 4” wide that is
P Cracking greater than %4” wide along the ; .
cracks less than 4" wide that embankment crest. or along the alignment progressing or changing along the
7.2 Cracking have no observable pattern ' 9 9 embankment crest, or along the

of pipes which indicate a new or
progressing instability of the embankment.

alignment of pipes indicating an active
instability of the embankment.

7.3 Settlement, sinkholes, or
other depressions (enhanced
risk along pipe alignments)

No sinkholes, depressions, or
settlement observed.

Dry sinkhole, depression, or vertical
settlement 6 inches or less in depth and
less than 3 feet in diameter observed.

Dry sinkhole, depression, or vertical
settlement greater than 6 inches in depth
or greater than 3 feet in diameter
observed or any sinkhole, depression, or
vertical settlement which has moisture,
seepage, or flow present.

7.4 Sliding, sloughing, or bulging
(other slope movements)

No evidence of sliding,
sloughing, or bulging.

Evidence of sliding, sloughing, which does
not involve the entire downstream slope of
the embankment.

Evidence of sliding, sloughing, or bulging
which involves the entire slope of the
embankment from crest to toe.

7.5 Surface erosion

No erosion observed on the
embankment.

Areas of minor erosion observed along
downstream slope of the embankment less
than 6 inches deep and less than 1 foot
wide.

Erosion of the downstream face or the
embankment which is greater than 6
inches deep or greater than 1 foot wide
or that has the potential to back cut into
the crest of the embankment.

7.6 Vegetation

Weeds or grasses are
maintained at 6 inches in
height or less. No woody
vegetation observed.
Embankment is free of
vegetation such that the face
of the embankment is clearly
visible from the established
inspection routes.

Weeds or grasses are greater than 6 inches
in height. Vegetation which impedes up to
25% of the visual inspection of the
embankment and limits observation of the
embankment from the established
inspection routes or woody vegetation is
observed.

Vegetation which impedes greater than
25% of the visual inspection of the
embankment and limits observation of
the embankment from the established
inspection routes.

7.7 Animal burrows or other
damage from wildlife

No evidence of animal
burrows or other damage
caused by wildlife observed.
Animal deterrent boxes are
filled with poison.

Animal burrows less than 6 inches in depth
anywhere on the slope of the embankment
without visible signs of seepage, or
embankment distress (e.g., cracking
slumping, settlement). Animal deterrent
boxes are lacking poison.

Animal burrows greater than 6 inches in
depth observed anywhere on the slope
of the embankment or animal burrows
are observed with visible signs of
seepage, or embankment distress (e.g.,
cracking slumping, settlement).
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Area 8. Dam Crest and

pattern indicative of slope
movement or failure.

or progressing instability of the
embankment.

Assigned
Upstream Embankment, P 1 2 3
Right Side
No cracks or minor surficial | Cracking greater than 2" wide along the Cracking greater than 74" wide that is
cracks less than 4" wide embankment crest, or along the progressing or changing along the
8.1 Cracking that have no observable alignment of pipes which indicate a new embankment crest, or along the alignment of

pipes indicating an active instability of the
embankment.

8.2 Vegetation

Liner is free of weeds and
trash. No shrubs or trees
observed growing in the
liner.

Weeds or trash observed on the liner.

Shrubs or trees growing in the liner.

8.3 Animal burrows or other
damage from wildlife

No evidence of animal
burrows or other damage
caused by wildlife
observed. Animal deterrent
boxes are filled with
poison.

Animal burrows less than 6 inches in
depth anywhere on the slope of the
embankment without visible signs of
seepage, or embankment distress (e.g.,
cracking slumping, settlement). Animal
deterrent boxes are lacking poison.

Animal burrows greater than 6 inches in depth
observed anywhere on the slope of the

embankment or animal burrows are observed
with visible signs of seepage, or embankment
distress (e.g., cracking slumping, settlement).
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No evidence of damp areas,
seepage, or areas which are

Damp areas, seepage, or areas which are
significantly “greener” or have flourishing

Santiago Creek Dam Safety Inspection Report

Damp areas, seepage, or areas which
are significantly “greener” or have

indicative of slope movement
or failure.

9.1 Seepage significantly “greener” or have | vegetation and clear water indicating no {L%%';Q;}ngs\;%?;t:gf t': ;r;d glr?t'ﬁ%)xvaﬁrhe
flourishing vegetation. sediment transport through the abutment. abutmen% P 9
No cracks or minor surficial
cracks less than 2" wide that | Cracking greater than %4” wide along the Cracking greater than 4" wide that is
9.2 Cracking have no observable pattern abutment, which indicate a new or progressing or changing along the

progressing instability of the abutment.

abutment.

9.3 Settlement, sinkholes, or
other depressions (enhanced
risk along pipe alignments)

No sinkholes, depressions, or
settlement observed.

Dry sinkhole, depression, or vertical
settlement 6 inches or less in depth and
less than 3 feet in diameter observed.

Dry sinkhole, depression, or vertical
settlement greater than 6 inches in depth
or greater than 3 feet in diameter
observed or any sinkhole, depression, or
vertical settlement which has moisture,
seepage, or flow present.

9.4 Sliding, sloughing, or bulging
(other slope movements)

No evidence of sliding,
sloughing, or bulging.

Evidence of sliding, sloughing, or bulging
that is small, shallow, or does not involve
the entire slope of the abutment.

Evidence of sliding, sloughing, or bulging
which involves the entire slope of the
abutment from dam crest to toe.

9.5 Surface erosion

No erosion observed on the
abutment.

Areas of minor erosion observed along the
abutment less than 6 inches deep and less
than 1 foot wide.

Erosion of the abutment which is greater
than 6 inches deep or greater than 1 foot
wide or that has the potential to back cut
into the crest of the embankment.

9.6 Animal burrows or other
damage from wildlife

No evidence of animal
burrows or other damage
caused by wildlife observed.
Animal deterrent boxes are
filled with poison.

Animal burrows less than 6 inches in depth
anywhere on the slope of the embankment
without visible signs of seepage, or
embankment distress (e.g., cracking
slumping, settlement). Animal deterrent
boxes are lacking poison.

Animal burrows greater than 6 inches in
depth observed anywhere on the slope
of the embankment or animal burrows
are observed with visible signs of
seepage, or embankment distress (e.g.,
cracking slumping, settlement).
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Section 2: Instrumentation Observations and Measurements

Crack measurements, drain and seepage flows, and instrumentation readings are not recorded on this report, they are tracked by
IRWD Operations staff using Microsoft Teams and spreadsheets.

Reservoir / Upstream Yes No  Unknown — N/A
1. Crack measurements taken on the liner. O 0 O O
Piezometers and Groundwater Levels
1. Piezometer measurement taken. O O 0 O
2. Piezometer results within normal and expected range. 0 0 0 0
3. Piezometers are in good working condition. O O 0 0
4. Piezometer spreadsheet was populated. 0 0 0 0
Section 3: Annual or Periodic Inspection CIN/A

Periodic inspections are detailed inspections which require access to the drain vaults for inspection and sediment clean out, as well
as valve exercising. The items below may be completed at different intervals; not all periodic inspection items need to be checked
off during a single inspection.

Inspection Items Yes No Unknown N/A
1. Inlet tower valves are in good working condition and were

exercised during the inspection. . . - .
2. Survey completed
3. Drone (UAV) flight completed
(3-5-year frequency or as required).
4. Remotely Operated Vehicle (ROV) inspection completed 0 0 0 0
(8-5-year frequency or as required).
5. Emergency outlet valve was exercised and is in good 0 0 0 0
condition.
If exercised, note the approximate volume discharge:
6. Aeration system was inspected and is in good condition. 0 0 0 0
Section 4: Event Driven Inspection CIN/A

Event driven inspections include observations following earthquake or storm events. These inspections are performed based on the
event thresholds established by IRWD.

Earthquake Yes No Unknown N/A
1. Was the earthquake felt at the site? If so, complete the line below. 0 0 0 0
Date: Time: Magnitude: Distance (miles):

2. Was the epicenter of the earthquake within 75 miles of the
dam with a magnitude of 4.0 or greater? O O O 0
3. Were new cracks, sinkholes, depressions, or new/unusual

settlement identified during the inspection? . - .
4. Have existing cracks, sinkholes, depressions, or areas of

. . . 0 0 0 U

unusual settlement changed since the last inspection?
Precipitation Yes No Unknown N/A
1. Is water flowing through the spillway? 0 0 O [
2. Are flows into and out of the reservoir performing as 0 0 0 .

anticipated and not damaging structures and the dam?

10
March 2023
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Section 5: Notes and Comments

Section 6: Items that require further action, attention, or monitoring
(assigned values 2 or 3)

Inspection

Comment Action Confirmation
ltem #

Section 7: Sign Off

Changed Conditions Yes No  Unknown  N/A
Have any conditions changed since the previous inspection? 0 0 0 0
Have areas of distress been identified during this inspection? 0 0 0 0

Water Operations Inspector: Signature: Date:
Water Operations Supervisor: Signature: Date:
Dam Safety Engineer: Signature: Date:
11
March 2023
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Irvine Ranch Guideline No-. 6 -
Water District Movement Monitoring

1.0 Purpose

The purpose of this document is to provide guidance for monitoring movement at Irvine Ranch
Water District’s (IRWD) dams.

2.0 Definitions
Below is a summary of terms used herein that are related to IRWD’s Dam Safety Program (DSP).
Deformation - the action or process of changing shape.

Movement - the change in location or displacement of material or markers in the
vertical and/or horizontal direction. Description of the of movement is shown in the
below exhibit.

General Outline . A = B
of Embankment = e

- Longitudinalf - :

Figure 1: Description of directional movement/displacement.

3.0 Background

California’s Division of Safety of Dams (DSOD) requires dam owners to conduct traditional land
surveys annually to monitor ground movement. Monuments are installed along the dam crest
and are utilized to measure horizontal and vertical movement of embankment dams.
Recordings of movements could be early indications of deformation or other underlying
concerns. Table 1 lists the number of survey monuments installed at each of IRWD’s dams and
the first year of survey data IRWD has on record.

May 2023 Movement Monitoring
Page 1of 6
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4.0

Table 1: Summary of Survey Monuments
Dam | Number of Survey Monuments Oldest Survey on Record

San Joaquin 25 2004
Sand Canyon 5 1975
Syphon? 0 N/A
Rattlesnake 7 1985
Santiago Creek 5 1994

Harding Canyon 0 =
1Syphon Dam does not have survey monuments installed and historically has never been surveyed. Syphon Dam
improvements are currently in design, which will include installation of traditional survey monuments.

The location of the survey monuments for each of the four dams with survey monuments are
shown in the attached Exhibits 6.1 to 6.4.

General Guidelines

Movements occur in every dam, and it is caused by a variety of factors. The factors include, but
are not limited to, stresses induced by the reservoir water pressure, unstable slopes from low
shear strength, low foundation shear strength, settlement, expansion from temperature change,
landslides, seismic activity, and heave resulting from hydrostatic uplift pressures. Conducting
surveys and evaluating the collected data is the first step in understanding the direction of the
movement and determining if additional monitoring is warranted. Depending on the level of
movement and direction of the movement, additional instruments such as crack measuring
devices, inclinometers, strain meters, or settlement plates may be required to better
understanding the contributing factors to the movement. With a better understanding of the
contributing factors, engineers can evaluate if a dam safety issue exists and if an Issue
Evaluation Study is required.

4.1 Monitoring of Survey Monuments

Movement of dams can occur slowly overtime or quickly. Part of IRWD’s routine dam safety
activities is annual surveys, which are used to track the movement at the survey monuments
overtime. Surveys may also be required if an event, such as seismic activity, drives the need for
a survey. DSP Guideline No. 3, Seismic Monitoring, provides guidance on seismic events that
trigger the need for surveys outside the routine annual monitoring.

In 2022, IRWD contracted with Genterra Consultants, Inc. (Genterra) to develop survey
monitoring thresholds and action levels for San Joaquin Dam, Sand Canyon Dam, Rattlesnake
Dam. The technical memoranda that Genterra prepared are listed as Reference 7.1 to 7.3.
Syphon Dam was excluded from the analysis since at the time of conducting the analysis the
reservoir was drained and planned to remain drained until Syphon Dam was completely
replaced. GEI Consultants, Inc. (GEI) developed the thresholds and action levels for Santiago
Creek Dam, which is listed as Reference 7.4. Table 2 below summarizes the alarms and
responses for varying degrees of movement detected at the survey monuments.

May 2023 Movement Monitoring
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Table 2: Alarm Levels and Response Plan for Survey Monuments for

San Joaquin Dam, Sand Canyon Dam, Rattlesnake Dam, and Santiago Creek Dam

Description

Response

Level |
Green Alarm
Normal

Level Il
Yellow
Alarm

Out of
Range!

Level llI
Orange
Alarm
Increased
Surveillance
Alarm?

May 2023

Observations and
measurements from
monitoring indicate expected
and acceptable values. Vertical
and horizontal displacements
of survey monuments
measured from the baseline
should be within upper band
value plus 0.35-inch and lower
band value minus 0.35-inch.
Vertical and horizontal
displacements of survey
monuments measured from
the baseline should be outside
the limits of Green Alarm and
within upper band value plus
0.6-inch and lower band value
minus 0.6-inch.

Vertical and horizontal
displacements of survey
monuments measured from
the baseline should be outside
the limits of Yellow Alarm and
within upper band value plus 6-
inch and lower band value
minus 6-inch.

¢ No immediate action required.
¢ Continue routine inspection, monitoring, and maintenance

program.

Review the data for reliability. Staff should take an
additional two readings to confirm that the reading was
initially taken is not an erroneous reading.

If additional readings confirm that the original reading is
correct, then perform close visual inspection of the area
that correlates with the reading.

Inform Dam Safety Engineer.

Determine if additional monitoring is required.

Staff should take additional readings to confirm that the
reading was initially taken is not an erroneous reading.

If the additional readings confirm that the original reading is
correct, then staff should start to perform an increased
frequency of close visual inspections of the area and take
more frequent readings to determine rate of increase or
decrease, if any, for evaluation by the Dam Safety Engineer.
If work is occurring in affected area, direct all work to cease.
If the incremental movements of survey monuments
between two surveys exceeds 1-inch, then IRWD should
check for cracking and take measurements of cracks,
including length and depth of cracking.

Inform parties involved with dam safety program if alarm
level persists.

If needed, engage the involvement of Dam Engineering
Consultant to confirm the severity.

Determine if a dam safety risk exists.

Movement Monitoring
Page 3 of 6
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Table 2: Alarm Levels and Response Plan for Survey Monuments for
San Joaquin Dam, Sand Canyon Dam, Rattlesnake Dam, and Santiago Creek Dam
Status Description Response

1GEl's Thresholds and Action Levels technical memorandum identifies a threshold of 0.36-inches and action level
of 0.6-inches. As such, the Green Alarm and Red Alarm are used for Santiago Creek Dam and Yellow Alarm and
Orange Alarm are excluded.

4.2 Monitoring of InSAR Data

Interferometric Synthetic Aperture Radar (InSAR) is a technique for mapping ground
deformation that utilizes radar images from satellites that are continuously orbiting around the
planet. IRWD utilizes InSAR to monitor ground movement at San Joaquin Dam and Rattlesnake
Dam, which both have a history of landslides. Many satellite imagery options are available for
INSAR monitoring and each offer different levels of frequency, resolution, accuracy, and cost.

Sentinel-1 (S1) satellite constellation, which is operated by the European Space Agency (ESA),
has many archived satellite images. The raw S1 data are available for free and are used to
provide historic measurements at San Joaquin Dam and Rattlesnake Dam. The images are of
lower resolution compared to other available options. The pixels for S1 images have an
anisotropic dimension of around 5 meters by 15 meters resulting in a pixel spacing around 15
meters. Readings for S1 are every 12 days. IRWD uses S1 imagery for readings between January
2018 through July 2023 and uses TerraSAR-X (TSX) satellite data for monitoring starting on July
1,2023.

May 2023 Movement Monitoring
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TSX satellite, which provides location data with millimeter accuracy with readings every 11 days,
is of higher quality compared to S1 satellites. The pixel spacing is about 3 meters compared to
15 meters using S1 satellites. As new satellite images are gathered, the images and data points
are processed by a consultant to determine the location of numerous data points on the dam
and around the reservoir. The data points are also historized and trended over time along with
integrated into heatmaps to allow viewers of the data to focus on areas of interest more easily.

5.0 Responsibility

Engineering staff are responsible for monitoring movement at IRWD’s dams. Table 3
summarizes the responsibilities.

Table 3: Movement Monitoring Responsibilities

Description of Responsible Party
Responsibility

Manage surveying Dam Safety Engineer * Solicit Request for Proposals
contract when necessary and retain
services of licensed surveyor.
Review survey data Dam Safety Engineer, Dam Engineering = » Compare survey data with
Consultant historic readings.

¢ Determine if readings are

acceptable or if additional
action is required.

Distribute survey data to Dam Safety Engineer

Dam Engineering

Consultant

Manage InSAR monitoring = Dam Safety Engineer

services contract

Review InSAR monitoring Dam Safety Engineer, Dam Engineering

data Consultant, Water Operations
Manager
Summarize and distribute Dam Safety Engineer ¢ Review summarized data at a
InSAR data minimum quarterly and
more frequent as needed.

* Distribute summarized data
with routine dam safety
program meetings.

6.0 Exhibits

6.1 GEIl, “Location of Survey Monument Points for San Joaquin Dam”, September 2022.
6.2 GEIl, “Location of Survey Monument Points for Sand Canyon Dam”, September 2022.
6.3 GEl, “Location of Survey Monument Points for Rattlesnake Dam”, September 2022.

6.4 GEl, “Location of Survey Monument Points for Santiago Creek Dam”, September 2022.

May 2023 Movement Monitoring
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7.0 References

7.1 Genterra, “Technical Memorandum ldentification of Instrumentation Thresholds and
Action Levels at San Joaquin Dam”, January 13, 2023.
7.2 Genterra, “Technical Memorandum ldentification of Instrumentation Thresholds and
Action Levels at Sand Canyon Dam”, March 24, 2023.
7.3 Genterra, “Technical Memorandum ldentification of Instrumentation Thresholds and
Action Levels at Rattlesnake Dam”, March 22, 2023.
7.4 GEl, “Instrumentation Evaluation and Upgrade Recommendation”, October 31, 2022.
May 2023 Movement Monitoring
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1.0 Purpose

The purpose of this document is to provide guidance for mechanical, electrical, reservoir liner,
and access road maintenance at Irvine Ranch Water District’s (IRWD) dams.

2.0 Definitions
Below is a summary of terms used herein that are related to IRWD’s Dam Safety Program (DSP).

Critical Valve - The valve located on the downstream of the dam that releases water
from the reservoir to a creek, stream, or storm drain system. The critical valve is
sometimes referred to as blowoff valve.

Inlet Outlet Valve - valves located on the outlet pipeline that allow water to enter the
outlet pipeline from the reservoir.

3.0 Background

3.1 Outfall Maintenance

IRWD’s dams include outlet works facilities that allow discharges to downstream water
conveyance facilities. In the event of an emergency or to manage the water level in the
reservoir in anticipation of upcoming storm events, water can be released to downstream
conveyance systems by operating the critical valve. Section 6102.5 (c) of the California Water
Code requires that the critical valve demonstrate its full operability annually and in the presence
of DSOD every three years. Table 1 below summarizes the discharge configurations to
downstream creeks and the capacities. The estimated maximum flow rates, unless otherwise
noted, are rough estimates based on a full reservoir and do not reflect output from computer
based hydraulic modeling.

Table 1: Summary of Discharge Configurations to Downstream Creeks
Estimated

Max Flow
Description Rate (cfs)* Water Source
San Joaquin 60-inch outlet conduit near right upstream
groin toe area with a 12-inch blowoff butterfly

valve. Blowoff valve drains into the east storm >0 Recycled Water
drain.
Sand Canyon 20-inch outlet pipe under the dam connects to
a 24-inch blowoff butterfly valve that discharges 100 Recycled Water
to the Sand Canyon Wash.
Syphon 36-inch outlet conduit through the
embankment that connects to a 36-inch blowoff 226! Recycled Water
plunger valve that discharges to storm drain.
Rattlesnake 24-inch outlet conduit through the
embankment that connects to a 24-inch blowoff
butterfly valve that discharges to the access 120 S
road, which is tributary to Rattlesnake Creek.
July 2023 Maintenance
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4.0

Santiago Creek = 60-inch outlet conduit through the
embankment that connects to a 54-inch blowoff

. . 2502 Untreated Water?
cone valve that discharges to the Santiago
Creek.
Harding 16-inch outlet pipe through base of concrete
Canyon dam with a 16-inch butterfly valve. Blowoff 20 Native Runoff

valve discharges to downstream creek.
1Existing capacity is unknown. This value is the future capacity per the Syphon Reservoir Improvement Project
Preliminary Design Report.
2Value represents existing capacity based on full reservoir. The future capacity is 600 cfs based on a full reservoir per
Santiago Creek Dam Outlet Tower and Spillway Improvements Preliminary Design Report.
3Untreated water is a blend of native runoff and imported untreated water from Metropolitan Water District of
Southern California.
“Values assume full reservoir.

In accordance with Order No. R8-2015-0024 (NPDES No. CA8000326) IRWD is permitted to
discharge water from its dams when DSOD requires it for “dam safety or other reasons”.

General Guidelines

4.1 Critical Valve

Section 6102.5, Subsection (c) of the California Water Code requires that dam owners operate
the critical outlet control features on an annual basis to demonstrate its full operability. The
section also requires that the full operability be demonstrated in the presence of Division of
Safety of Dams (DSOD) every three years. To comply with this state law, IRWD will operate the
critical valve at each of its dams and release water to demonstrate the operability on an annual
basis. The Operations department will schedule and record the testing. The location of the
critical valves are shown in Exhibits 6.1 to 6.6.

4.2 Water Quality Management System

Most of IRWD’s dams have aeration or sonic systems to help manage water quality. Table 2
below summarizes the water quality management systems at each dam. IRWD performs
maintenance on the aeration system on an as-needed basis. When Operations staff notice that
the aeration system is not functioning properly, Mechanical Maintenance staff are contacted to
investigate and perform maintenance. Maintenance and operation of the sonic system is
contracted out to a third party.

Table 2: Summary of Water Quality Management Systems

Description
San Joaquin LG Sonic System | ¢ Mechanical Maintenance maintains the third-party contract.
The third party controls the sonic frequency system for algae
control. Mechanical Maintenance routinely cleans the solar
powered system.

July 2023 Maintenance
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e Water Operations logs into LG Sonic only portal weekly to
check operating status and water quality of reservoir (e.g.,
temperature, dissolved oxygen (DO), pH, algae count, etc)

* Electrical Maintenance replaces the pH and DO probes.
Manufacturer recommends pH probe be replaced annually
and DO probe replaced every two years.

Sand Canyon Pneumatic . . _—
: Mechanical Services maintains compressors and aerators
aeration system
Syphon Pneumatic . . . .
vP . Offline — Mechanical service maintains compressor and aerators
aeration system
Rattlesnake Solar bees Electrical Service maintains service contract

Santiago Creek Pneumatic
aeration system
Harding Canyon = None

Serrano Water District maintains system

The aeration system is not critical to dam safety, however maintaining water quality is
important in part because it can contribute to fouling the intake screens and outlet pipe, which
could then become a dam safety concern.

4.3 Inlet OQutlet Valves

The inlet outlet valves located on the outlet pipe in the reservoir are an important component of
the dam. Reliable operation of the valves helps ensure that the maximum amount of water can
enter the outlet pipe and be released from the reservoir in the event of an emergency or as part
of IRWD’s reservoir management. Table 3 below summarizes the inlet outlet valves and critical
valves at each dam.

Table 3: Summary of Inlet Outlet Valves & Critical Valve!

Valve Description m

San Joaquin 48-inch butterfly valve 443 * Mechanical Maintenance will periodically
check the hydraulic fluid level for the

48-inch butterfly valve 408 electro-hydraulic actuators and refill as
. necessary.
48-inch butterfly valve
y 373 * If hydraulic fluid is noticed in the
24-inch butterfly valve reservoir, Mechanical Maintenance is
— contacted for service.
18-inch butterfly valve Bottom drain on 60-inch outlet to 48-inch
L 277 .
(Critical Valve) storm drain
Sand Canyon 24-inch gate valve 185 e The critical valve to the creek is in the
stream bed and requires periodic
24-inch gate valve clearing. IRWD’s Landscape Manager
177 periodically clears the area as part of
. vegetation management plan
24-inch gate valve 5 * Occasionally the blowoff to creek can be
filled with silt, especially when the
July 2023 Maintenance
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24-inch butterfly valve spillway is used. The blowoff to creek
(Critical Valve) should be inspected after each spillway
usage.

» Several valves between the critical valve
and the outlet valves must be open to
release water to the creek. See Exhibit
6.2 for quantity and location of valves.

Syphon TBD

Rattlesnake 30-inch butterfly valve 390 Upper screen in reservoir
30-inch butterfly valve 384 Middle screen in reservoir
30-inch butterfly valve 375 Lower screen in reservoir
24-inch butterfly valve 369 Main valve in reservoir
30-inch butterfly valve 347 Flow meter isolation valve
24-inch butterfly valve 346 On discharge line to access road
24-inch butterfly valve 349 The critical valve discharges to the gravel
(Critical Valve) access road.

Santiago Creek = TBD

Harding 16-inch butterfly valve

Canyon

valves are listed in descending order with the first valve located farthest away from the outlet.

4.4 Electrical Maintenance

Generally, IRWD’s electrical team does not perform routine maintenance at IRWD’s dams. As
needed, staff will contact the Electrical Maintenance team for support with electrical equipment
including, but not limited to, programmable logic controls (PLCs), electrical panels, piezometers,
level instruments, switchgears, and other electrical related appurtenances.

Electrical Services manages the SolarBee maintenance contract for all of IRWD’s solar powered
aerations systems, including the two located in Rattlesnake Reservoir. The maintenance
contract includes an annual onsite inspection that includes complete inspection of mechanical,
structural, and electronic equipment, and adjustments to the equipment.

Electrical Services also annually services the San Joaquin seepage return pump station located
near the toe of the dam. The seepage return pump station includes the following electrical
equipment that is annually inspected and maintained.

e Radar instruments for measuring water level in seepage weir box

e Submersible pumps and level instruments in pump station that conveys seepage flow
back to the reservoir (e.g., backwash return pump station at San Joaquin Dam)

*  Flow meters that monitor pumping flow rates

e PLCfor the pump station and that displays seepage flow rate in weir box

e Instruments for LG Sonic System at San Joaquin Dam

In addition to the above annually inspected items, Electrical Services also maintains the level
monitoring system located near the Sand Canyon Spillway.

July 2023 Maintenance
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4.5 Liner Maintenance

Liners serve an important role at IRWD’s dams. The primary purpose of liners at IRWD’s dams is
to protect the reservoir and dam from erosion from runoff or wave action. Maintenance of the
liners along the perimeter of the reservoir helps ensure protection of the slopes. Liners along
the upstream side of the dam protect the condition of the dam. Table 4 below summarizes the
dams and reservoirs with liners.

Table 4: Summary of Dam and Reservoir Liners

(Dam | Descripion  ___ _____ __Notes

San Joaquin AC liner on upstream side of dam and
around the perimeter of the reservoir
Sand Canyon AC liner on upstream side of dam
Syphon None (rock on upstream side of dam)
Rattlesnake AC liner on upstream side of dam
Santiago Creek Concrete on upstream side of dam

Harding Canyon None

The liners require continuous maintenance to protect the embankment or reservoir from
erosion and to minimize the further degradation of liner material. As part of the Annual
Surveillance and Monitoring program, IRWD and the consultant contracted for the Annual
Surveillance Program will review the condition of the liners and identify areas that require
maintenance. Upon completion of the Annual Surveillance Report, the Water Operations staff
will itemize the areas that require repair. The Dam Safety Engineer will ensure service requests
are entered for maintenance related items. In cases where repairs are identified that require a
comprehensive review and design that is beyond the maintenance team’s capabilities, the Dam
Safety Engineer will log the item and propose the item as a project in future budget cycles or
coordinate the completing of the work with Engineering Operations Support.

5.0 Responsibility

Multiple departments have responsibility for maintaining the mechanical and electrical
equipment at IRWD’s dams. Table 5 below summarizes the activities and corresponding
responsible party.

Table 5: Summary of Activities and Responsibilities Related to Maintenance

Description of Activity | Responsible Party  Frequency | Notes |

Exercise inlet outlet Water Operations Annually Exercise may or may not include
valves flowing water.
Exercise and operate Water Operations Annually Exercise and operation include
critical valve to physically flowing water
demonstrate operability downstream.
July 2023 Maintenance
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Piezometer Water Operationsand | As needed = Water Operations conducts initial
troubleshooting, Electrical Maintenance troubleshooting when readings
maintenance, and appear incorrect.
replacement
Piezometer cleaning Electrical Maintenance = As needed = Dam Safety Engineer or Water
Operations may identify piezometers
that require cleaning based on
review of piezometer readings.
Identify liner restoration | Dam Safety Engineer, Annually ¢ Dam Safety Engineer manages
needs Water Operations Annual Surveillance Program that
may identify areas in need of
restoration.
¢ Water Operations will itemize the
areas for Construction Services.
Coordinate and Construction Services As needed  Construction Services manages
complete liner repairs.
restoration
Notification to DSOD of Dam Safety Engineer As needed
Maintenance Activities
Maintenance of Water Operations, See Table 2 for a description of
Aeration and LG Sonic Electrical Maintenance, responsibilities.
System Mechanical
Maintenance
Report discharge Water Operations As needed
volumes and advance
notification of event to
Regulatory Compliance
6.0 Exhibits
6.1 Location of Critical Valve at San Joaquin Dam
6.2 Location of Critical Valve at Sand Canyon Dam
6.3 Location of Critical Valve at Syphon Dam
6.4 Location of Critical Valve at Rattlesnake Dam
6.5 Location of Critical Valve at Santiago Creek Dam
6.6 Location of Critical Valve at Harding Canyon Dam
7.0 References
7.1 California Regional Water Quality Control Board, Santa Ana Region, Order R8-2015-
0024, NPDES No. CA8000326
July 2023
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7.2 California Constitution, Water Code, Division 3 Dams and Reservoirs, Part 1 Supervision
of Dams and Reservoirs, Chapter 4 Powers of the Department, Article 2 Maintenance
and Operation, Section 6102.5

July 2023 Maintenance
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LEGEND
Main Outlet

Main Inlet

Emergency Outlet
Valve Normally Open

Valve Normally Closed

Valve Normally Closed,

GOLF COURSE
Emergency Valve to PUMP STATION

® ©®6

Meter Vault missing

open
R 6" DRAIN
o~ ¢ to golf
7 course
6" TURBOMETER
. PRESSURE_REGULATING
VALVE (TYP.)
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20° AcP ) 20" ACP ZONE B BOOSTER STATION NO. 5
/ 1975
36
MES |_FORCE MAN ® 127 ACP 12° ACP
Valve 4 in
4 creek 2" PVC DOMESTIC WATER (D.W.) y
N \ 247, SCC 21Q 24" scc
2

a
1 B6

SAND CANYON
ZONE A BOOSTER STATION NO. 6
—005—

missing valve

missing valve
1979

2" CHLORINE INJECTION LINE
3/8" CHLORINE SAMPLE LINE B

2" SUPPLY LINE FOR
CHLORINATOR PUMP

RISER (TYP. FOR 3) 1" DRAIN LINE FROM SAMPLER 1\\

B7
TURTLE ROCK PRESSURE RELIEF VALVE
ZONE B BOOSTER STATION NO. 7
—422— & —422A—

1985

2" AR/VAC

EL TORO MCAS
ZONE B BOOSTER STATION BS

AS BUILT: —309— & —430—
ATLAS SHEET: 125 W

SAND CANYON
ZONE A BOOSTER STATION B6

AS BUILT:  —005—
ATLAS SHEET: 125 W

TURTLE ROCK IRVINE RANCH

ZONE B BOOSTER STATION B7/ WATER DISTRICT
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Sand Canyon Dam Valves Summary
Valve Number Size Number of Turns | Normally - (Open or Closed) Emergency Valve to Open?
1 24" Closed
2 24" Open
3 24" Open
) Open
6 45 Closed
18 Open
19 20" 38 Open
22 Open
23 Closed
24 41 Closed Yes
32 16" o Closed Yes
33 30" 57 Closed Yes
34 Open
35 Open
36 12" Open

Sa
Valve #22

Valve #33
Critical | .
Augment _'_ gl E . Valve #36
Valve E‘:t. W g e

Valve #6

Valve #5

Page 2 of 2



APPROXIMATE LOCATION OF
SEEPAGE COLLECTION POINT
(SUBDRAIN ALIGNMENT IS UNKNOWN)

>
I

VIBRATING WIRE PIEZOMETER

OPEN WELL PIEZOMETER

STATION ALONG AXIS OF DAM

LINE OF SECTION

o
o B-9
N CV\PN\\ A'
Sp\»L\N
! APPROXIMATE LIMITS
s OF DAM EMBANKMENT
o REMAINING PORTION OF BENCH VBWS APPROXIMATE LOCATION
Al OF INTERIM FACILITY
ON DOWNSTREAM FACE OF DAM —8 I s
> ] o —
= ] AC\CEs
9 1/BW/S ® VBW/9
$9 V/BW/7
DAM|CREST
ELEY. 385.0
LEFT ABUTMENT
9 \VBW/6
PRAB —X VEQW/Z'Atﬁ’ : IP I-AB , RIGHT ABUTMENT
—@ I L T 1 iy 7
)i r 3 Y T Y i AEER ) Y 5 Y Y EH ) \El //
+ 4 ¥ 3 + + +
° Y Y°  Y/Y Y Y Y ¥ Y Y Y Y Y Y Y CONCRETE CHANNEL
B-16 UPSTREAM BENCH \ (HIGHLINE CANAL)
ELEV.378.0 WATER LEVEL AT TIME OF
A - TOPOGRAPHIC SURVEY
[ )
B-21
RESERVOIR
LEGEND
°® O \VBW/4
B-34
® P-1A
° -
B-42 A
>
A A
[ )
B-47
NOTES:
(1) TOPOGRAPHIC SURVEY PROVIDED BY C&V CONSULTANTS ON 2/26/2011
(2) ELEVATIONS ARE IN FEET RELATIVE TO NGVD29
B.49 (3) SECTION A-A' IS SHOWN ON FIGURE 2
[}

Annual Surveillance Report from Jan. 2021 to Dec. 2021
Syphon Canyon Dam
Irvine, CA

NOT TO SCALE

Irvine Ranch Water District
Irvine, CA

GEI@

Consultants

PLAN

SITE AND INSTRUMENTATION

Project 1901888

August 2022

Fig. 1

Exhibit 6.3
Location of Critical Valve at Syphon Dam

REVOLORIO, EMERSON J:\Projects\1901888 IRWD Dams-3 Year\Monitoring Reports\2021 Draft and Final GEI Reports\Syphon Canyon 2021\Report\Final\Tables, Figures and AppendixX\CADD\Syphon Canyon Figudeb/ddg1- 7/27/2022
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Rattlesnake Reservoir Outlet Structure
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PROPOSED IMPROVEMENTS

CENERAL NOTES
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EXISTING GRADE
Approx. ELEV. 347.6

Approx. ELEV. 345

CONSTRUCTION NOTES
@— DIP 45° BEND, F.E. X F.E.

33\ SECTION
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\@ @— 24" BUTTERFLY VALVE
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= 1-g
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4/26/04| DSOD COMPLIANCE REVISIONS

IRVINE FANCH

A
A
A

S5/25/06| AS-BUILT REVISIONS

2/26/18 | AUGMENT VALVE CHANGES

DESENED: RWR WATER DISTRICT

Irvine, Calif.

Reviewep: JJK

GENTERRA
CONSULTANTS, INC.

Engineering & Environmental Services
Irvine, California

RATTLESNAKE CANYON DAM
Project No. 32105
Right Abutment Stability Berm

OUTLET VAULT SECTIONS AND DETAILS
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DATE

SHEET NO.

1774-IRW

FEBRUARY 2004

1&0826

177AIRWDoutletvault-delta2.dwg




g ———— e e e a -

| ﬂ/fcﬁa’/'gnﬂ ':'(ﬁqm‘éé/-

ORI

o 7 . /):?0

T .

SECTION FE

\——v..

- "@

// /-
G “r

| .f,r/.f///za i‘/ﬁ ;:‘ - i/ '
'-.?fpc‘-'/c."ﬂﬂ a'//\

— /{\// -7.‘;;'

s”xa,i%%;”zq, Al 1

,,///ZFVZZ//////777

z —y\

sttt o)

_. | i///// // o 777__/7

36 /Bz/f‘/@n‘ZV Va/Ve

Q\ “‘ -
% @\
~

“-— - * oI <=—‘ /
\_- l/ 30°smeva I

, ;/ﬁ@ 40/::'

|
I
I
N\

v } '/(7 >
;{, _/Lf/i

x\:&ii\w

e

o

, Q\\

_, gﬁ-
%

36

T ST

Ny “Dutiet With Blind

cisfeeve |
s \/f‘(,: f‘f')_/"f" ,'/70

r“"‘_, — =

/////7/77/

-
s

F/mgf (m 50/z‘om 5/0/8 )

C?

E Z// ///7 / // 4 7 - / S bl

/_Z//{A‘:'///E

g" cf'k/f//n &0 ;:4
C‘ox?c’a/f e

5”<7'o;‘e Va/;/ev

/ff/a//ﬂa/ Speeve
7}/;5 &.ﬁqﬁ//ﬁi

’-- ‘»h—ﬁ»————-—p - - —————

e

Aé TE/QA/Ai’Z-'I

/-’ZA/(/

i

//4" / 0"

g A/scéaf;’@(,éc‘/méer\ S

e FRS o7 ¢ T i " ST

. “ )
| .
. i R A .
e ey g s e g o] A
. PN '
. . e o o .
v . N IR i
S Uy .
AL FOREY- U
R Y v

L e bt i

- BTN S-S
" - s
- e . v

o J‘/e.f’/

| 'T";‘/X/J‘fffz;r éd ;7’

- 7}//.9@ Caz/p/m?g

L e9not

c‘ orcLr s

50”5‘/691/@ ~—-\ -»

—

e gr—" — —— — — —  m——  ~o—.

TR
v

o
. PN
» AR
- A .
‘ . '_‘ 2
- ‘ - -

U

gl og serew,

e "#:
- _ N ) »

._.__.i_..,..... :
e v e .y T

7R

e,

otor

Rk /oG Screws
w/.-3 Ferelrarorn

//;;‘o _70/5:‘ | |

S'c'a/e //e '/

T

V// /////////*. q_

 LNArp- Vac:
/ Va/;/e

”7,#‘

- ao Ec/f‘/‘erﬁ{y Va/ve

B 56 Pa/fe’rf/}' V"/ ve

Ceto” |

e ’S‘/eﬁve tls
7ype= C' az//:///?_gy

g £ ,Wsz‘/ﬂ%

60 ﬁ Caf/a’aK

/<9 5.1: f_i’ '

GCNERAA P_/.AA/

f/Oor S A7/

‘ “ca/e’ / “ ‘20’

. ﬂ

& Bose Plose Botts
poer Maﬂax‘&?ci‘(//c?s‘
| 7/?@94///;?/77@7;?5._ '

.,

< -
D}

. H s
. e 2 oo g

L D-

il V.

_ 'f’_g; 0,0@/07‘//79 Short

/9 /0 CA‘

far ,5’..//"9)*/’4/ VG’/Vé

- """—-é:r/sf/ﬂy 2,#'/2 /.6 oc
\ Co o %, T/ : .
= oxe 0 ot’é r‘é‘ |

- -

=1
=

5’5’C7'/0/(/

6-/:3’

5 co/e

- é Cﬁeck Va/ve N

I/e -/ O"

ol

N SECTION

A-A“- - “1_1.' -

oca/ea/ Ffr F/ﬂ/?
A///frﬁare lT J

Lk Ferce \

Exrs //757 oy //:7//7

x x X x x

d
AY
e

i

o J'
&

.-\
-«
-

Drscrt 0'/'??
A crm.é@f_'_ N

/ (5 Mzﬁaépéw %’ﬁé[ )

?
N

memgl

ok !
74 689,

\ & Exvisting
_ Conc(/// B

\ fx/sfma 5/790’

.?J’

ve '
I

T

2

O
/Z?

lé'Gé'/VD

Oefzofes Ppe 5‘6::‘/0/,'5
-s‘c/,o,o//ecr’ 4 oy OWﬁé’)’ A

é:r/s;‘fﬂg Concre’
57/(/:7‘4//‘&9 T

 sEcTION Co-c

5‘:0/@%:_:'_._./50,, o

s

v ,4 PR F/ax?gea’ // 574/ 53 ;_'{' |
Oof/e/‘ B —

20’

)

o "'7‘1"‘20- |

_r_:ir1rﬁ

Sca/@ /”"E‘O
o ../ 2 3

-

ff4' 5

. Scolesver /o
o

'L-—-!-

o "4' -1
B R

- 4s BU/LT

Sco/e’ /?’ "“'/ -O” ;

/7///,5/

7 INITIALS

© 7 'REVISION - T

‘|- DATE .

REV.No, § « -

LEEDS HlLL AND JEWETT lNC

T

CARPENTER 8x SERRANO IRRIGATION DISTRICTS THEIRVINE CO.

'/ Za
JOB No L .

DRAWR; — "5

‘*f CONSULTING ENGINEERS

SAN FRANCISCO LOS ANGELES

/// /-ﬁmw»; 7-/5 Ly

DATE 4

RECOMMENDED SR

/* 7 - j’,r"’
f 7z Y EZ

CHECKED L

: 'f 6/.?.'»:’ 7/2?/‘5‘5'
: = / DATFJf

| Boosrace

SANTIAGO CREEK DAM

OUTLET WORKS RECONSTRUCTION
GENERAL ARRANGEMENT

202- ou

- 34

SERIALNO -
_F-2482

FILE No.

,f Exhlblt 6 5 L e
Location of Critical Valve at Santiago Creek Dam™ T

WL RS TN




féihSIUTij
‘GATE: VALVE -

fi614yw“¢ss muoamjs
© - (3SNEW STUDS.'3 EXISTNG
.10 BE. VERHWED) o

ELOCATED  JOHNSON 'SCREEN

‘OD

EXISTING 3/4" PLATE FLAGE
43 3/4" ID 30 I/8"‘

'“‘E"30"¢ SCH ‘55 PIPE

C RISER: W/3/4"L.FLANGES

/.. 0D=43 3/4", ID=30" 1/8"’
7 MATCH NUMBER & DIA | e
‘ . OFBOLTS @ JOHNSON SCREEN L

' 'GATE VALVE

TR S

-—ft--:3G'ELBOW W/3/4”I.FLANGESJJ.,
MATCH NUMBER & DIA
- OF BOLTS @ EXISTING

. DRILL.& TAP
~INTO EXISTING

’"’fNEW'11/¢@ ssrsruo;.;e’

53.]ﬂFLANQEfzprACE§g;;;gj-,jf

Cemwe

g CELEV: € 739"

'i; (PﬁHCAL 4 PLACES) ~

COPEN .t
L OPERAﬂONAL
| SHAFT. |
INTACT -

rzi}fISCREEN

' GATE VALVE:
B R TR CopevCAe oo
A S e 24"(CONHRMED) B

< T ——( ) L T SUART:

Tfi<3'“ NEW 11,%P¢sss STUD DRML AND TAP
-0 - 'EXISTING 11/4% S STUD ~ NOT USED

. FNOTES VERIFY LOCATION SIZE & CONDITION OF EXISTING SS STUDS PRIOR TO USE

\. . R L eRew

oL S NG e T e e »,QSQZ~EVENLY SPACED -

© GATE VALVE:
ELEV: € 698.4'
30" (CONHRMED)
SHUT

© SHAFT:
~ BROKEN -

-~ SCREEN: "
~ 'UNDER SILT_LINE

EERV

- o "EXISTING STUDS' WERE RE-USED .- PR
NG4S ’ CREUSED ‘ " GATE VALVE:
 ELEv: € 6795 -
- ;30"(CONHRMED)
SHUT = v
SHAFT:-
J O INTACT
'.? .' ;-" ﬁ'.l i ff' ]'if;77.ﬁ:-, IR -L*rPS')::,EA,»-; S ST SCREEN: oo
L e e ey SR L St UNDER SILT UNE|

VERIFY EXISTING FLANGE CONDITION AND ADEQUACY - FOR DMLUNG ,;”_if',l R
& TAPPING OF NEW 11/Mﬁ¢sss STUDS . I T AU S A

fi BOLT PATTERN
"@ EXISTING FLANGE

CONTSS

~F c

lom i
™ - y |
: N

S aevsio

24"(CONHRMED)j}T]f;¥;QLT:g“;

85% CLOGGED WITH 7L?£i*7"
' ALGAEAND GRASS |

" 6 SQUARE 3" HOLES :";» -

R 30T GATE [

TR

NP

Boane

ELEV. 750"

e GATE VALVE

“ELEV. @ 749 7
24”(CONHRMED)

SHUT

'71; SHAFT:
T INTACT
"?;SCREEN

INTACT SRR

,cATE*VALVEi B
CEEVC 722
24" {CONFRIED) -

2 - "QPEN
4 OPERAHONAL

G 247 GATE||

" ELEV 740"

ITIJ, \-"»:SHAFT .

. INTACT
" SCREEN: R
. BADLY, BENTIN'E;';‘ i

.G 24" cATE

N CELEY 730°
Q24" GATE[

. ELEV 720"
Q2s” oaTEl]
2

CELEV.TI0T |
G 30" GATE | 3|

- \

" ELEV 700" ;:TE\\*\\\\“ ,

- 6"x 12" HOLE
CLEAN -

R ZGATE VALVE:
| CEEV L TIO
1 30 (CONFIRMED) -
o SHUT
SHAFT: -
- INTACT
| 'SCREEN:
NONE' |

SILT LINE ELEV

_GATE VALVE
“ELEV: € 688"

-wr

. ELEV 690" | .|

{30 CONHRMED
N st
%J=1QCJSHAFI
. SCREEN:

‘jQ.SU'GATE

R |
““\\\\\IggggR SILT LINE-

B ?T‘“**“\r——————\ Ix/ﬁ
SR IR ok (ECCENTRIC)

" -_ava6795

| 'ELEy‘676f(FmLD)j§?-

N\— 8" 1012 STEP-UP

EXISTING TOWER

(AS BUILT)

‘??NOTE
: "~ FROM AS—BUILT PLANS.

N N.T.S.

ELEVATJONS OF: RECORD OBTAINED j ;7'

' ELEVATIONS (FIELD CONHRMED)
PROVIDED BY LR.W.D. |

DATE ” 30

RECORD DRAWING

T eaamdhe o

°/

- NO CORRECTIONS =
_..5__, X - CORRECTIONS AS NOTED

sofID PIPE WITH -
75"x 60" REDUCER

Y 1 . () MORTAR LINED.

ELEV 812(FTELD) ‘;j;E;:‘fIQ;ffi;i;;;-a_ .

SVALVE STEM:SHEARED 'ffljipl;; s

EVISIONS

R CHECKE.D

el wc

DATE

-;,s;WA TER D/STR/CT

| (e s ¢
:}¥VA¢RDBWEL)

i S et B Caem 3 A R . b 1 . . |
N . L ! . . ] Ve B . . BT I N [ v . Lo g L B Sl )
- N S el . X : [ e L . .. R 8 . . . L “ Lo
[ N . - DA " ! o BT, et . .o . N AN v Ve . o - . .
o . i v . d . ; . N . . . . . . . + . ) | oo o . . . . B PR R
. Lo N .. B ’ v . N A . B \ . a1 . ; . v E L. . N

WMC&O

TPrepaPed Byfji“

6/”!7 E

'\-'ILBERT Y CHD

._RCE. N[l 36266

L PRDJECTENGINEER .

. PROJECT "ENG.:I-N'E:ER-

1 CHD DESIGN: ASSI]CIATES NG P R OJ E CT N O

7—2-o )

Y TAVAB, qkm

RCE No. 36093

| 3001 REDHILL AVE. Sume 6- aoeffiif?

-? u <

- 'DIRECTOR OF WATER. DRERATIDNS”:- S

: _‘._-‘:CDSTA MESA CA 98626

SANTIAGO CREEK DAM OUTLET TOWER EXTENSION

10216

T r?fj?/rwne Ca//forn/a | | i
AS SHDWN»’;’.L;;'LT : : R I CARL V. BALLARD . - " : 2 . : —_————— EacrT




Exhibit 6.5 e
Location of Critical Valve at Santiago Creek Dam




Exhibit 6.6
Location of Critical Valve at Harding Canyon Dam
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Water District Emergency Preparedness and Planning
1.0 Purpose

2.0

3.0

The purpose of this document is to provide guidance for Emergency Preparedness and Planning
as it relates to IRWD’s Dam Safety Program (DSP).

Background

A dam safety incident is an impending or actual sudden uncontrolled release or excessive
controlled release of water from an impounding structure. The release may be caused by
damage to or failure of the structure, flood conditions unrelated to failure, or any condition that
may affect the safe operation of the dam. The release of water may or may not endanger
human life, downstream property, or the operation of the structure. When people live in an
area that could be affected by the operation or failure of a dam, there is the potential for an
emergency related to a dam safety incident. FEMA defines an emergency as “Any incident,
whether natural, technological, or human-caused, that requires responsive action to protect life
or property.”

IRWD has Dam Emergency Action Plans (EAP) for each of its five Extremely High Hazard dams.
The purpose of the EAP’s is to outline an emergency response associated with the dam, facilitate
notification of affected parties, assign roles and responsibilities to involved agencies, and take
mitigating actions in time to minimize loss of human life or injury and property damage. These
situations include, but are not limited to dam instability, sizable earthquakes, extreme storm
events, major spillway releases, overtopping of the dam, outlet system failure, abnormal
instrument readings, vandalism or sabotage, spillway or gate failures, and failure of the dam.

Dam Emergency Action Plan (EAP)

Table 1 below is a summary of IRWD’s EAP’s and the date that the California Office of
Emergency Services (CalOES) approved the original EAP. Inundation maps are a core component
of the EAP as they identify the population downstream that may be impacted in the event of an
emergency. CalOES requires that the inundation maps are updated a minimum of every 10
years, or sooner if there are significant changes to development downstream or modifications to
the dam that impact the storage capacity.

P =
Approval Date \ETs)

San Joaquin March 7, 2021 February 2, 2018

Sand Canyon April 21, 2020 June 12, 2018

Syphon March 5, 2021 October 9, 2018

Rattlesnake March 5, 2021 November 7, 2018
Santiago Creek March 12, 2021 January 26, 2018

May 2023 Emergency Preparedness and Planning
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In addition to EAP’s, IRWD has, and may develop, response plans to address specific items. The
response plans may cover scenarios such as, but not limited to, the following.

e Determining when to operate the emergency blowoff to lower the reservoir
e Backup plan for critical pieces of equipment that become inoperable
e Actions to take and people to notify in the event the emergency spillway is activated

Both the EAP and response plans are part of IRWD’s overall DSP. Separate from EAP’s and
response plans, IRWD maintains an Emergency Operation Plan (EOP), which guides staff internal
to IRWD to effectively manage response and recovery.

4.0 Responsibility
Various staff are responsible for developing, maintaining, updating, and ensuring fluency of the
EAPs and emergency response plans. Table 2 summarizes the responsibility of staff associated
with Emergency Preparedness and Planning.
Table 2: Summary of Emergency Preparedness and Planning Responsibilities
Description of Responsibility Responsible Party
Maintain, update, and ensure plan holders and = Director of Safety & Security
internal staff are knowledgeable on the
contents of the Dam EAP’s
Maintain, update, and ensure staff are trained Director of Safety & Security
on the Emergency Operations Plan (EOP)
Ensure EAP is distributed and accessible to Director of Safety & Security
IRWD staff and Plan Holders
Maintaining and update inundation maps Dam Safety Engineer
Participate in EAP training Director of Safety & Security, Dam Safety
Engineer, Dam Safety Program Staff, Water
Operations Staff, Standby Staff
Prepare, maintain, and distribute response Dam Safety Engineer
plans
Identify critical pieces of equipment that may Director of Maintenance, Dam Safety
require response plans Engineer
5.0 References
5.1 California Government Code Section 8589.5(c)
5.2 IRWD Emergency Operations Plan, September 2020
May 2023 Emergency Preparedness and Planning
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1.0 Purpose

The purpose of this document is to provide guidance for non-routine activities in IRWD’s Dam
Safety Program (DSP).

2.0  Background
Non-routine dam safety activities occur throughout the normal course of owning and operating
dams. Non-routine dam safety activities may include items that potentially change or could
change the dam safety risk such as, but not limited to, the following.
* lLandslides around the reservoir or at the dam
e Earthquakes
e Re-evaluation based on changed conditions, standards, or practices
e Unexpected or uncharacteristic readings from monitoring data
e Visual change in dam (e.g., observed seepage, cracks, etc)
* Proposed improvements adjacent to dam
e Change in mechanical performance
Results from routine dam safety activities could trigger non-routine dam safety activities. To
streamline the review process and promote clear lines of responsibility, it is necessary to
identify the roles and responsibilities for non-routine activities.
3.0 Guidelines for Non-Routine Activities
3.1 Consideration for Dam Safety Risk Triggers
The Dam Safety Engineer, in collaboration salety issues
. . (Consider
with program staff, executive management, IRRMs)
and Dam Engineering Consultant as needed,
will have responsibility for determining if Yes
presented information is a trigger for dam Is there a =
. . . trigger for a
safety risk. If it is a trigger, then No potential d
consideration for a dam safety issue should dcah;"sga‘ié:y
be made. The consideration should utilize risk?
risk to inform the assessment.
May 2023 Non-routine Dam Safety Activities
Page 10of4
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3.2 Consideration for Dam Safety Issue

The Dam Safety Engineer is responsible for
coordinating a determination if the triggering
event is a dam safety issue. Consideration of dam f Yes
safety issue will often involve the input from the
Dam Engineering Consultant. The coordinated
determination will be communicated with
executive management. Depending on the issue
and perceived risk, the item may be elevated to
the General Manager to contribute to the decision, t Yes Ethase &
but at a minimum the General Manager would be trieger f
made aware of the outcome. For more significant decisions, such as implementing risk
reduction measures, or to highlight the urgency, the item may be brought to the attention of
the Board for review and acceptance.

Evaluation

Is this a dam
safety issue?
(Consider
IRRMs)

3.3 Perform Issue Evaluation

Issue Evaluation Studies (IES) are non-routine

activities that are triggered when a significant Justified?

change in loading, Periodic Dam Safety Review

(PDSR) risk evaluation, or performance condition f

occurs. Under these conditions, it may be Perform Issue
. . Evaluation

necessary to perform a study that is more detailed '

than the routine activities. The type of risk f Yes

analyses used to support IES’s may vary and may

be phased to make basic decisions (e.g. whether to

perform field investigations or engineering analyses) and working towards more detailed and
comprehensive risk analysis if more critical decisions (e.g. whether risk is tolerable and whether
risk reduction actions are justified).

The Dam Safety Engineer is responsible for retaining the services of a Dam Engineering
Consultant to conduct an Issue Evaluation Study (IES), when needed, to further understand if a
dam safety issue exists, the extents of the concern, and offer recommendations. The IES should
consider the Potential Failure Modes (PFM) that contribute to the dam safety issue, and where
appropriate, risk analysis for the PFM based on findings in the IES. The risk analysis may take on
a variety of forms including quantitative and qualitative.

May 2023 Non-routine Dam Safety Activities
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34 Determining if Actions are Justified

The PDSR will identify the risk analysis and assessment for

IRWD’s dam portfolio and offer recommendations for *

decision making to control risk. Separate from the PDSR, 1 Yes
specific incidents may arise, or specific studies may occur,

. . Are Actions
that prompt the need to estimate and evaluate risks. In all E— Justified?

cases, the risk estimating process will be completed

utilizing DSP Guideline No. 10, Periodic Dam Safety

Review, where a quantitative method of analysis is *
warranted. The risk estimates will incorporate

information received from the Issue Evaluation Study and be evaluated on the risk matrix to

understand the estimated risk in relation to tolerable risks, national average failure likelihood,
and other risks in IRWD’s dam portfolio.

In general, the Dam Safety Engineer will present the risk estimates to the Executive Director of
Technical Services, General Manager, and/or the Board for decision making based on the value
of the improvements and in accordance with IRWD’s procurement policy. Several factors may
be considered when making risk informed decisions including, but not limited to the following.

e Estimated risk

e Cost relative to the overall benefit

e Priority of the work relative to other dam improvements
* Available staff resources

e Environmental impacts

e Economic impacts

e Operational impacts

* Practicableness

4.0 Responsibility

Table 1 below describes the roles and responsibilities at all levels of IRWD as they relate to non-
routine dam safety activities.

Table 1: Roles & Responsibilities for Non-routine Dam Safety Activities
| Role | Responsibility ... |

Board ¢ Reviews and approves major dam safety and dam risk reduction

measures.
¢ Reviews and approves expenditures in accordance with IRWD’s

procurement policy.

General Manager e Oversees all of IRWD and assigns the primary responsibility for
the Dam Safety Program to the Engineering Department.

May 2023 Non-routine Dam Safety Activities
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Executive Director of
Technical Services

Dam Safety Engineer

Water Operations Staff

5.0 References

Oversees Engineering Department, which is part of Technical
Services Department.

Has frequent communication with the Dam Safety Engineer.
Evaluates and recommends to the IRWD Board major non-routine
projects at dams (e.g., Issue Evaluation Studies, investigations,
analyses, and/or dam modifications).

Identifies, in collaboration with Dam Safety Engineer, major and
minor non-routine dam safety activities that require Board
review.

Implements dam safety program including non-routine activities
Engages with IRWD decision makers as needed to provide support
in decision making process, recommend interim risk reduction
measures (IRRM), and implement permanent actions to reduce
risk.

Engage the involvement of qualified consultants to provide
expertise where required

Conducts field investigations and data gathering

5.1 GEl, “Dam and Reservoir Site Plan”, July 2020.

5.2 AECOM, “Syphon Reservoir Improvement Project Preliminary Design Report”, July 7,

2022.

53 AECOM, “Santiago Creek Dam Outlet Tower and Spillway Improvements Preliminary
Design Report”, July 15, 2022.

May 2023

Non-routine Dam Safety Activities
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1.0 Purpose

The purpose of this document is to provide guidance for Periodic Dam Safety Reviews (PDSR) of
Irvine Ranch Water District’s (IRWD) dams.

2.0 Definitions
Below is a summary of terms used herein that are related to this guideline.

Potential Failure Mode (PFM) - a plausible failure mechanism that could result in an
uncontrolled release of the reservoir.

Risk - The product of the likelihood of the dam or appurtenant structure being loaded,
adverse structural performance (e.g., dam failure) and the magnitude of the resulting
consequences.

Risk Analysis - The use of available information to estimate the risk to individuals or
populations from hazards. Risk analyses generally contain the following steps:
development of potential failure mode including the multi-step event tree, hazard
identification, and risk estimation.

Risk Assessment - The process of making a decision recommendation on whether
existing risks are tolerable and present risk reduction measures are adequate, and if not,
whether alternative risk reduction measures are justified or will be implemented. Risk
assessment incorporates results from the risk analysis and risk evaluation phases.

Risk Evaluation - The process of examining and judging the significance of risk. The risk
evaluation stage is where values enter the decision process including the associated
consequences.

Semi Quantitative Risk Analysis (SQRA) - a risk categorization system that assigns
likelihood of consequence categories to PFMs based on existing data.

Tolerable Risk - a risk within a range that society can live with so as to secure the
benefits provided by the dam. It is a risk that is not to be regarded as negligible or
ignored, but needs to be kept under review and reduce further if practicable.

3.0 Background

PDSR will improve IRWD’s understanding of the risks that the district’s dams pose to individuals
or populations. Through the process of understanding the risks, IRWD will identify existing
information that support individual risk estimates and gaps in information that contribute to the
uncertainty in the risk estimates. IRWD’s PDSR will generally include the following.

J Review of the dam, historic performance, changes to the dam and appurtenant
structures
. Inspection of the dams and appurtenant structures
July 2023 Periodic Dam Safety Reviews
Page 1 of 7
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. Review of loading conditions

. Development, review, and screening of PFMs

. Consideration for the original designs and current design standards

. Consideration for methods of analysis and available best practices

. Improved understanding of confidence in risk and areas of uncertainty that could be
evaluated to better define risk

. Identification of dam safety issues, if present

. Identification of action items focused on reducing risks and prioritization of the action
items

To initiate the RIDM-based program, IRWD contracted with HDR in 2020 to complete SQRA on
IRWD'’s five jurisdictional dams. The HDR and IRWD team completed risk analysis in 2021.
Based on the 2021 completion, the next PDSR should occur in 2026 and every 5 years thereafter.

3.1 Division of Safety of Dams Periodic Dam Safety Reviews

The Department of Water Resources (DWR), Division of Safety of Dams (DSOD) ensure dam
safety by being involved on several dam safety related activities. DSOD activities includes the
following.

e Reviewing and approving modifications to dams.

e Performing independent analysis to understand dam and appurtenant structures
performance. The analyses can include structural, hydrologic, hydraulic, and
geotechnical evaluations.

e Qverseeing construction to ensure work is being done in accordance with the approved
plans and specifications.

* Inspecting each dam on an annual basis to ensure it is safe, performing as intended, and
is not developing issues.

e Periodically reviewing the stability of dams and their major appurtenances with
improved approaches and requirements and with consideration of earthquake hazards
and hydrologic estimates.

The routine dam safety activity that DSOD performs is inspecting each dam on an annual basis.
DSOD requires that dam owners under their jurisdiction complete annual dam surveillance
reports for each dam. IRWD has a total of six dams, five of which are within DSOD’s jurisdiction
and are classified as Extremely High Hazard. The annual dam surveillance report includes a
summary of monitoring data, a comparison to historic data, and an opinion from a Dam
Engineering Consultant on the dam performance based on current and historic monitoring data,
and field observations. Prior to completing the annual report, IRWD’s Dam Engineering
Consultant performing the dam surveillance inspects the site and documents their findings. Part
of DSOD’s annual inspection is confirming the outlet valves from the reservoir are exercised and
operational.

In May 2020, DSOD notified dam owners in the state of California that they are transitioning to a
risk informed DSP for purposes of prioritizing re-evaluation of existing dams. DSOD is not

July 2023 Periodic Dam Safety Reviews
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currently considering incorporating RIDM into their minimum design requirements for dam
improvements.

3.2 IRWD'’s Periodic Dam Safety Reviews

As part of IRWD’s transition to a
RIDM-based DSP, IRWD is conducting Dam Safety Risk Management Framework
additional inspections and dam safety Decision-Making
reviews. Pursuant to this, in 2021
IRWD completed SQRA on its

Risk Assessment

portfolio of five jurisdictional dams. (Decision Recommendation)
SQRA and the subsequent

identification of action items set the SRS
course for improving the /
understanding of IRWD’s dam Failure Mode

performance while also establishing a Identification

baseline for future PDSR. The PDSR
includes developing PFMs, Risk
Analysis, Risk Assessment and
Evaluation, and identifying opportunities to control the risk. Results from the PDSR are
used to identify if dam safety concerns exist, identify action items, prioritize the action
items, communicate risk to stakeholders and decision makers, and decision making.

Figure 1: RIDM process.

4.0 General Guidelines for Periodic Dam Safety Reviews

Approximately every 5 years or as conditions at the dam or downstream of the dam substantial
change, IRWD will conduct a PDSR. The four major components of the PDSR are described in
the following subsections. In general, the risk analysis is a blend of the procedures established
by the Army Corps of Engineers (ACOE), Federal Energy Regulatory Commission (FERC), Bureau
of Reclamation, and Federal Emergency Management Agency (FEMA).

4.1 Data Summary Reports

In July 2021, HDR prepared comprehensive data summary reports for IRWD’s dams. The
reports identify key historical information and summarize the documents in a brief
synopsis to allow reviews to gain a quick overview of the dam history. The PDSR
includes updating the Data Summary Reports with new information since the last
update, and should document completed studies that were identified as areas of
uncertainty in prior PDSRs. Updating the Data Summary Reports and understanding the
prior reports is one of the initial steps in estimating risk.

4.2 Potential Failure Modes

There are three main categories for PFM loadings including normal operating
conditions, hydraulic, and seismic. A minimum of three subject matter experts will

July 2023 Periodic Dam Safety Reviews
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contribute to developing a wide range of PFM’s and will approach the process of
identifying the PFM’s absent of preconceived notions of plausibility. Once the
comprehensive list of PFM’s are developed and categorized into the main loading
categories, the subject matter experts, in partnership with IRWD, will shortlist the main
PFM’s that appear to be most plausible given the known features of the dam. The
shortlisted PFM’s will then be carried forward for risk analysis while also re-analyzing
PFM'’s from the previous risk analysis cycle if new information on previously analyzed
PFM'’s is available. After the PFM’s are reviewed for plausibility and screened, a list of
credible potential failure modes will be identified by the subject matter experts to carry
forward for risk analysis.

4.3 Risk Analysis

Prior to performing risk analysis, the subject matter experts or agents thereof should
inspect the dam being reviewed and perform a comprehensive review of available
information that could influence the risk estimates. The analysis includes the process of
developing the full event tree sequence for potential failure modes, identifying the
structural performance, and estimating adverse consequences. Information on the type
and frequency of loading (e.g., reservoir levels, floods, earthquakes., etc.) will be
gathered and factored into the risk analysis.

The following Figure 2 is an example of an event tree for a PFM.

Manual
intervention
Dam )
Developed fai — P=1.63E-05

ailure

41.6% 500
12.2% 12.9%

Large Leak -
. No
continued
5.0% -
No Manual No
Occurrence intervention
Dam
y / — P=2.55E-
5.0% Developed failure P=2.55E-06
Piping of Dam Slight Leak 5.0% o 1.0%
Foundation continued :
95.0% 10.7%
No No
No

Figure 2: Sample event tree for a PFM from Army Corps of Engineers.
The following principles from FEMA P-1025 apply to risk analysis:

1. The basis for coherent risk analysis should be a thorough examination and
description of potential failure modes analysis.

2. It should be recognized that each dam is unique in terms of purpose, geologic
and demographic setting, design, structure, operations, and consequences.

July 2023 Periodic Dam Safety Reviews
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4.4

July 2023

3. A well-constructed dam safety analysis should include a discussion that supports
and supplements the numerical risk estimates.

4.3.1 Consequence Analysis

IRWD developed and maintains inundation maps for each of its dams. In accordance
with California Government Code Section 8589.5 dam owners are required to update
the inundation maps a minimum of every 10 years or if there were significant changes
to the dam that would alter the inundation maps or if there are significant changes to
the conditions downstream of the dam. Consequence analysis, which is a component of
estimating risk, uses the inundation maps to understand the areas downstream that
could be impacted in the event of a sudden dam failure. While there are other
considerations to consequence analysis, such as environmental impacts and economic
impacts, IRWD uses potential life loss as a key indicator given that IRWD’s dams are
located in highly populated areas of Orange County. IRWD completed consequence
analysis in 2021 and anticipates updating the analysis as the inundation maps are
updated. The inundation maps used for the 2021 consequence analysis considers the
future replacement of Syphon Dam with a new larger dam and replacing the Santiago
Creek Dam spillway with a new higher spillway crest.

A variety of methods can be used to develop a Consequence Analysis for a dam. IRWD’s
baseline consequence analysis developed in 2020 utilized Reclamation Consequences
Estimating Method (RCEM), which is a simplified method compared to other available
methods such as Hec-LifeSim. Consequences are a major component to risk analysis
and therefore refinement of the analysis with each PDSR should be consider as it could
shift the location on the risk matrix.

Risk Assessment and Evaluation

IRWD generally follows the risk assessment guidelines established by the Bureau of
Reclamation, Army Corps of Engineers (ACOE), and Federal Energy Regulatory
Commission (FERC). The objective of risk assessment is for the Dam Engineering
Consultant to identify a potential course of action for managing or accepting the risks
associated with IRWD’s dams and for IRWD to determine the course of action. The risk
assessment is the process of considering estimated risk of the existing dam or project
and plotting the results on the risk matrix to identify priorities and aide in the decision
making process.

4.4.1 Risk Estimations

A minimum of three risk estimators that are experienced with developing risk estimates
for dams, will be utilized to estimate the risk for the PFM’s that are carried forward from
the initial comprehensive review and screening process. Risk estimates will be based on
known information about the dam, available information on loading frequencies,

Periodic Dam Safety Reviews
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experience in the industry, and with a keen interest in identifying information gaps that
support risk estimates. The risk estimates should use the latest methodologies for
estimating risk and where possible appropriately match the level of detail necessary to
produce meaningful and actionable results. Once the subject matter experts prepare
and agree on the risk estimates, the quantitative values should be plotted on the risk
matrix. Figure 2 below shows an example of a simplified risk matrix, which plots the
likelihood of dam failure versus the consequence if a dam failure occurs and includes
the industry recognized level of tolerable risk and national average of failure likelihood.

Industry recognized National average
level of tolerable risk failure likelihood
to inform decision prior to current
making safety practices
A: Deformation of embankment due to loss of
strength of embankment materials and/or
liquefaction of alluvium foundation 10
|V
B: Internal erosion through soil foundation
—
_6104_ -----,.--./--- ,-].-_
C: Internal erosion along the outlet conduit 8 >
=
) ) [
D: Spillway slab failure é 105
E: Internal erosion through embankment
10

=

1 10 100 1,000
Consequences *

Figure 3: Sample Risk Matrix with risk estimates for various PFMs.

4.5 Risk Management and Decision Making Process

After completing risk analysis and assessment on the creditable PFMs, the Dam
Engineering Consultant will summarize the results in a comprehensive PDSR report.
IRWD Engineering and Operations staff will review the report and provide input on the
recommended prioritization of action items. The PDSR report will serve as the basis for
planning future projects and presenting recommendations to the Board.

5.0 Responsibility

Completing the PDSR requires the involvement of various staff at IRWD. Below in Table 1 is a
summary of various tasks and responsible parties involved with completing and managing the
PDSRs.

July 2023 Periodic Dam Safety Reviews
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Table 1: Summary of Periodic Dam Safety Review Responsibilities

Description of Responsibility Responsible Party

Retain services and manage Dam Engineering Dam Safety Engineer
Consultant that prepares PDSR

Participate in on-site inspection Dam Safety Engineer, Water Operations staff
Participate in risk analysis workshops Dam Safety Engineer, Water Operations staff
Review PDSR Dam Safety Engineer, Water Operations Manager,

Executive Director of Technical Services, Executive
Director of Operations, General Manager

Report outcome of PDSR to Executive Director | Dam Safety Engineer
of Technical Services, Executive Director of
Operations, General Manager, and Board

Establish projects in Capital or Operating Dam Safety Engineer
budget to complete identified action items
Oversee the completion of action items Dam Safety Engineer

identified in PDSR

6.0 References

6.1

6.2
6.3
6.4
6.5
6.6

6.7

6.8
6.9
6.10
6.11
6.12

6.13

July 2023

US Army Corps of Engineers, “Engineering and Design Safety of Dams — Policy and
Procedures”, March 31, 2014

HDR, “Dam Safety Program Implementation Plan”, September 15, 2021

HDR, “Dam Safety Program Framework”, September 15, 2021

Bureau of Reclamation, “Interim Dam Safety Public Protection Guidelines”, August 2011
FERC, “Risk-Informed Decision Making for Dam Safety”, Version 1.1, June 2018

FERC, “Risk-Informed Decision Making Guidelines”, Version 4.1, March 2016

FEMA, “Federal Guidelines for Dam Safety Risk Management”, FEMA P-1025, January
2015

https://water.ca.gov/damsafety/

Data Summary Report Rattlesnake Canyon Dam, July 16, 2021
Data Summary Report Sand Canyon Dam, July 16, 2021

Data Summary Report San Joaquin Dam, July 16, 2021

Data Summary Report Syphon Dam, July 16, 2021

Data Summary Report Santiago Creek Dam, July 16, 2021
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1.0 Purpose

2.0

3.0

The purpose of this document is to provide guidance for data management related to Irvine
Ranch Water District’s (IRWD) dams.

Definitions
Below is a summary of terms used herein that are related to IRWD’s Dam Safety Program (DSP).

DIRT - Dam Inventory and Records Tool that is a Microsoft Power Bl based application
that IRWD uses to quickly and efficiently organize documents related to dam safety that
are already located in Webdocs (IRWD’s electronic library).

Webdocs - IRWD’s electronic library system that stores documents that staff identifies
as requiring retention.

Background

A variety of data are collected and managed as part of IRWD’s DSP. The data includes, but is not
limited to reports, evaluations, studies, investigations, plans, specifications, correspondences,
instrumentation and operational data, and inspection reports. The data is collected and
retained by various departments. The following subsections describe the main data categories,
the items included in those categories, and the primary responsible party for managing the data.

3.1 Dam Inventory and Records Tool

The Dams and Storage Group developed the Dam Inventory and Records Tool (DIRT), which is a
Microsoft Power Bl based data management tool that is used to centralize significant dam
related data. In 2022, the Dams and Storage Group completed the following tasks as part of
developing the DIRT tool.

e Reviewed IRWD’s records in Webdocs and reconciled with the records Division of Safety of
Dams (DSOD) has in their repository.

¢ Identified missing information from Webdocs, such as but not limited to, DSOD inspection
reports, plans, reports, and correspondences and uploaded them to Webdocs.

e Created meaningful and useful categories for the nearly 1,000 documents in Webdocs for
ease of future searching and retrieving.

e Developed procedures and training material for maintaining the DIRT.

The Dams & Storage Group maintains the DIRT tool and updates the data, which is based on
documents available in Webdocs. Generally, the group strives to complete updates a minimum
of every 6-months. To successfully manage the DIRT, staff from the Dams & Storage Group
maintain an appropriate level of involvement on activities at dams, including when the activity is
managed by an engineering group outside the Dams & Storage Group. The appropriate level of
involvement allows the team to identify documents that should be flagged as part of the Dam
Safety Program and become part of DIRT. Figure 1 describes the interaction between Project

May 2023 Data Management
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Managers and the Dam Safety Engineer to successfully manage data associated with the DIRT
tool.

3.2 DSOD Inspection Reports

DSOD annually visits each of IRWD’s jurisdictional dams and conducts an inspection. IRWD
Operations and Dams & Storage Group staff accompany DSOD staff during their site visit.
Following DSOD’s annual inspection, they transmit an inspection report to the Dam Safety
Engineer for further handling. DSOD inspection reports are flagged as part of the Dam Safety
Program and become searchable in DIRT. They are also posted on IRWD’s webpage for public
viewing.

33 Instrumentation & Operational Data

Water Operations manages the collection and initial review of instrumentation and operational
data. The data that Water Operations collects and records includes the following.

* Reservoir water level

* Reservoir storage

e Daily, monthly, and annual rainfall totals

e Operational adjustments (e.g., install flashboards, spillway usage, etc)
e Instrument readings (e.g., piezometers, flowmeters, etc)

* Sedimentation accumulation

e Spillway flowrates (when used)

The instrumentation & operational data is separate from DIRT and saved in Operations directory
(O:\SYSOPS\DISTRIBUTION FILE\Recycled). The instrumentation data is distributed monthly to
the Dam Safety Engineer and Dam Engineering Consultant for further review and processing.

3.4 Survey Data

At a minimum, IRWD conducts annual surveys of survey monuments at IRWD’s earthen
embankment dams. The survey data is saved in S:\Dams & Storage\DSP\Annual Surveillance
Reports and distributed to the Dam Engineering Consultant for incorporation into the Annual
Surveillance Report. The survey data, by itself, is not searchable in DIRT, but once it is
incorporated into the Annual Surveillance Report it is then searchable in DIRT.

3.5 InNSAR Data

Interferometric Synthetic Aperture Radar (InSAR) is a technique for mapping ground
deformation that utilizes radar images from satellites that are continuously orbiting around the
planet. IRWD utilizes INSAR to monitor ground movement at San Joaquin Dam and Rattlesnake
Dam, which both sites have a history of landslides. The images and processed data are stored
on 3" party servers and accessible through the vendors online portal.

May 2023 Data Management
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4.0

5.0

3.6 Operator Inspection Reports

To be developed upon completion of developing Survey 123 electronic-based inspection reports.

3.7 Automatic Data Acquisition System

To be developed after implementing the cloud-based Automatic Data Acquisition System (ADAS).

Responsibility

Various staff are responsible for dam safety data management. Table 1 summarizes staff’s data

management responsibilities.

Table 1: Data Management Responsibilities
Description of Responsibility Responsible Party _

Collect and record reservoir water
level

Collect and record instrumentation
and operational data (e.g.,
piezometers, seepage flow rates,
etc)

Manages DIRT system and data in
DIRT

Receives DSOD’s inspection reports,
coordinates responses to action
items, and ensures DSOD’s concerns
are addressed

Collect and maintain survey data

Coordinates the uploading of the
Annual Surveillance Report to
IRWD’s website

Record and report discharge flow
data during critical valve exercising
to Regulatory Compliance

Exhibits

Water Operations

Water Operations

Dams & Storage Group

Dam Safety Engineer

Dams & Storage Group

Dam Safety Engineer,
Communications

Water Operations

Reservoir level is collected daily
and saved in
O:\SYSOPS\DISTRIBUTION
FILE\Recycled

Instrumentation data is routed
monthly to the Dam Safety
Engineer and Dam Engineering
Consultant.

The Dams & Storage Group
manages a document that explains
step-by-step how to retrieve data
from Webdocs and update DIRT.
Responding to DSOD’s inspection
reports are usually a collaboration
with multiple IRWD departments.

Data is reviewed by Dam Safety
Engineer and Dam Engineering
Consultant.

This is completed for each
jurisdictional dam and contains
many of the data discussed in this
guideline.

Regulatory Compliance includes
the reported flow data in their
annual report to the Regional
Water Quality Control Board.

Figure 1: Data Management Process for IRWD’s Dam Inventory and Records Tool

May 2023
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6.0 References
6.1 GEl, “Dam and Reservoir Site Plan”, July 2020

6.2 AECOM, “Syphon Reservoir Improvement Project Preliminary Design Report”, July 7,
2022.

6.3 AECOM, “Santiago Creek Dam Outlet Tower and Spillway Improvements Preliminary
Design Report”, July 15, 2022
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Figure 1: Data Management Process for IRWD’s Dam
Inventory and Records Tool

IRWD’s Project Manager (PM) involves DSE reviews documents such as studies,
Dam Safety Engineer (DSE) with dam reports, investigations, plans,
related projects specifications, and correspondences.

DSE flags the document as DSP and

. DSE determines if the document
sends the document to Executive

is related to the
Dam Safety Program (DSP)

Assistant of Engineering, with a cc to
the PM, for filing in Webdocs.

Document is available in Webdocs and
Dam Inventory and Records Tool IRWD PM files the document in
(DIRT) is periodically updated to Webdocs

capture newly flagged DSP documents.

Blue = Project Manager ltem

Oct 2022 Green = Dam Safety Engineer Item
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Santiago Creek Dam, No. 75 @

M Santiago Reservoir \
s> Valve Replacement Plan il e

Irvine Ranch Water District (IRWD) and Serrano Water District (SWD) are actively
working on the design of the Outlet Tower and Spillway Replacement project. While the
Districts work towards completing the improvements, they have implemented an Interim
Operation Plan that targets maximum water elevations to reduce the potential use of the
spillway until major improvements to the tower and spillway are complete. The Interim
Operation Plan relies on releasing Irvine Lake water to Santiago Creek to reduce the
water elevation when it exceeds a targeted
maximum level. This release to Santiago Creek
assumes the from the lake to the creek are fully _ N Outlet works structure
functional. ae gg?itﬂacizsbi?l?ar(f:; valve jd
and one (1) 30-inch
The purpose of this Valve Replacement Plan is to GAEPXAE:
identify a prompt response to valve repairs or
replacements to ensure the Districts maximize
hydraulic capacities in the event the lake level

requires lowering.

SWD is the lead agency for maintaining the
valves on the outlet tower and at the outlet works.
Figure 1 depicts the location of the various valves
and the attached Santiago Creek Dam — Outlet
Tower Extension drawing shows the various gate
valves and sizes on the outlet tower.

Valve Exercising Program: f
B tower. A total of eight §
& (8) on outlet to
e SWD will exercise all of the valves on the 8 B
outlet tower and at the outlet works :
structure twice per year: once prior to the Figure 1: Santiago Reservoir valve locations for
winter season (October 31) and once at releasing water to Santiago Creek.
the start of the summer season (April 2).
If any of the valves have limited performance that negatively impact the hydraulic
capacity, SWD, with support from IRWD, will cause the immediate repair or
replacement of the valve.

Underwater Service Provider:

e SWD routinely uses Dive Core (Dan Gross, Vice President, 562-439-8287,
Divecorr@aol.com, http://divecorr.com/), to provide underwater valve repair
services. In the event valve repairs or replacements are required, SWD will
contract with Dive Core, or the like, to promptly repair the valve.

e A second contact for underwater inspection and mechanical repairs is Workhorse
Diving and Salvage, Jason Jettie, Owner, 602-705-5739.

2020-03-19 Santiago Creek Dam - Valve Replacement Plan.docx Page 1 of 2
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Santiago Creek Dam, No. 75
Santiago Reservoir
Valve Replacement Plan

Spare Parts and Equipment:

Below is a table summary of the valves and the contingency plan associated with each valve.

the valve could be removed and the
upstream butterfly valve could be used to
control flow to the creek.

Item | Description Location Backup/Contingency Notes

1 | 24” Gate Valve Outlet Tower — Elev. 749.7° | SWD will ensure that there is a minimum

2 | 24” Gate Valve Outlet Tower — Elev. 739’ of one set of repair parts on site. This

3 | 24” Gate Valve Outlet Tower — Elev. 722’ assumes valves are repaired in-place rather

4 | 24” Gate Valve Outlet Tower — Elev. 719’ than a complete replacement of the valve.

5 30" Gate Valve Outlet Tower — Elev. 710’ n/a Under silt line

6 | 307 Gate Valve Outlet Tower — Elev. 698.4° n/a Under silt line

7 | 307 Gate Valve Outlet Tower — Elev. 688’ n/a Under silt line

8 | 307 Gate Valve Outlet Tower — Elev. 679.5° n/a Under silt line

9 | 30” Butterfly Valve | Outlet works structure SWD will procure and store on site a e 4-6 week lead time for a

replacement actuator. new general stock valve.
e 12-16 week lead time

for a new special order
valve.

10 | 30” Cone Valve Outlet works structure If the cone valve fails in the close position,

2020-03-19 Santiago Creek Dam - Valve Replacement Plan.docx
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Santiago Creek Dam, No. 75
Santiago Reservoir Interim Lake Level Operations Plan

In December 2019, the Irvine Ranch Water District (IRWD) and Serrano Water District
(SWD) completed a comprehensive condition assessment of the Santiago Creek Dam
spillway. The spillway assessment, conducted by GEI Consultants (GEI), is complete
and concludes that the spillway structure is reaching the end of its useful life.

The purpose of this interim lake level operations plan is to prescribe seasonal lake levels
that will reduce the probability of discharging a significant amount of flow over the
spillway until the existing spillway is replaced. The operating parameters for the lake are
summarized below.

Summer Season (April 2 — October 30):

e Lake will be operated without restriction. Maximum water surface elevation will
remain at El. 790 or El. 794 with the flashboards installed.

Winter Season (October 31 — April 1):

e On October 31, the water level in the lake will be below El. 762.5.

e At any time during the winter season, if the water level in the lake reaches EI.
762.5, IRWD and SWD will implement measures to reduce the water level to
below El. 762.5. Measures may include delivering water to IRWD’s Baker Water
Treatment Plant or SWD’s Howler Plant and/or discharging water through the
cone valve to Santiago Creek.

e Starting March 14 of each year, IRWD and SWD will evaluate the water level in
the lake and the weather forecast to determine if the water level can be increased
above El. 762.5. If the water level in the lake and the weather forecast permit, the
water level in the lake may be increased to a maximum elevation of El. 772.5.
Raising the water level in the lake will only be contemplated at the end of the
winter season between March 14 and April 1.

Inspection Program:

On annual basis, at the end of each winter season (April 1), the Districts will conduct a
surficial inspection of the spillway, similar to the inspections conducted under the Phase |
Spillway Assessment dated July 1, 2018. In addition to the annual inspections, the
Districts will conduct a surficial inspection of the spillway after each spill event that
passes more than 0.5-feet of water over the crest of the spillway. Documentation for each
inspection will be prepared, along with any recommendations for temporary spillway
repairs.

IRRM -1

Santiago Creek Dam Interim Risk Reduction Measure Page 1 of 2
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Santiago Reservoir Interim Lake Level Operations Plan

Monitoring Program:

During spill events that generate 0.5-feet or more of water depth over the crest of the
spillway, the Districts will monitor the spillway performance and document the
following.

e Water depth over the crest of the spillway

e Spillway flow rate using the spillway capacity curve

¢ Condition of erosion prevention measures along the base of Santiago Creek Dam
and under the spillway flip bucket.

e Condition of spillway chute

¢ Documentation of abnormal flow regimes or observed structural deficiencies.

¢ Recommendations for temporary spillway repairs, if identified.

2020-02-12 Interim Lake Level Operations Plan.docx Page 2 of 2
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February 15, 2022
Prepared by: J. Moeder / R. Mori

Submitted by: K. Burton /
Approved by: Paul A. Cook M -
ENGINEERING AND OPERATIONS COMMITTEE

RATTLESNAKE DAM SEISMIC EVALUATION UPDATE

SUMMARY:

IRWD recently completed initial semi-qualitative risk analyses on all five of its dams. One of
the findings identified the need for additional seismic evaluation of Rattlesnake Dam. In
October 2021, IRWD retained HDR to perform a preliminary seismic evaluation of Rattlesnake
Dam. HDR recently completed the evaluation, and staff will provide a presentation summarizing
the overall scope of the evaluation and associated findings, recommendations, and next steps.

BACKGROUND:

Rattlesnake Dam was constructed in 1959 by the Irvine Company, and IRWD acquired it in
1971. Rattlesnake Dam is an earthen embankment dam with a spillway crest elevation of

412 feet, which yields a storage volume of 1,400 acre-feet (AF). The dam, which is built on
alluvium fill, was initially operated up to the spillway crest elevation until the early 1980s when
IRWD and the Division of Safety of Dams (DSOD) began evaluating the liquefaction potential
of the alluvium foundation. Those evaluations resulted in a DSOD-established maximum water
level restriction of elevation 406-feet. IRWD has operated Rattlesnake up to this level since
1982, which yields a reduced total reservoir storage volume of 1,100 AF.

As part of enhancing IRWD’s dam safety program and integrating Risk Informed Decision
Making into the program, HDR completed semi-qualitative risk analysis on all five of IRWD’s
dams. One of the findings identified the need for additional seismic evaluation at Rattlesnake
Dam. In October 2021, IRWD contracted with HDR to perform a preliminary seismic
evaluation, which confirmed the need for additional geotechnical investigations and for
additional in-depth seismic analyses. Staff will provide a presentation summarizing the overall
scope of the evaluation and associated findings, recommendations, and next steps. A glossary of
terms and the draft presentation are included as Exhibits “A” and “B”, respectively.

FISCAL IMPACTS:

Staff will bring a consultant selection recommendation for additional seismic analyses and
geotechnical investigations to the Board for consideration in the coming months at which time
staff will also recommend the addition of a new project to the capital budget to fund that work.

ENVIRONMENTAL COMPLIANCE:

This project is not subject to the California Environmental Quality Act (CEQA) as authorized
under the California Code of Regulations, Title 14, Chapter 3, Section 15061 (b) (3), in that
CEQA applies only to projects that may result in a direct physical change in the environment
or reasonably foreseeable indirect physical change in the environment.

IRRM - 2 8
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Engineering and Operations Committee: Rattlesnake Dam Seismic Evaluation Update
February 15, 2022
Page 2

RECOMMENDATION:

Receive and file.

LIST OF EXHIBITS:

Exhibit “A” — Glossary of Terms
Exhibit “B” — Rattlesnake Dam Preliminary Seismic Evaluation Draft Presentation
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EXHIBIT “A”

GLOSSARY OF TERMS

Definition:

Risk: the product of likelihood of a structure being loaded, adverse structural performance, and
the magnitude of the resulting consequences.

Abbreviations:

AF Acre-Feet

DSOD Division of Safety of Dams

DSP Dam Safety Program

FT Feet

IRRM Interim Risk Reduction Measure
PFM Potential Failure Mode

RIDM Risk-Informed Decision Making
SQRA Semi-Quantitative Risk Analysis
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Exhibit "B"

+ History of Rattlesnake Dam &
Background

* Preliminary Seismic Evaluation
and Findings

* Project Schedule & Next Steps

Rattlesnake Dam

Irvine Ranch Water District

2
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1960

2o
1959

Irvine Company
completed
Rattlesnake Dam
construction and

1971

IRWD acquired
Rattlesnake Dam
from the Irvine
Company.

1990 2020
¢
1982-2021
Various evaluations and
1980-1982 analyses, but no new

Evaluated stability and
identified concerns for
alluvium foundation and
potential for liquefaction.

Recommended maximum
water level of 406-ft. DSOD
agreed and established
restriction.

operated to a
maximum water
level of 412-ft.

Irvine Ranch Water District

findings that modified
the maximum water

level of 406-ft.

2021

Completed SQRA
and identified need
to perform seismic
analysis using latest
methods.

3

» Established the framework for enhancing IRWD’s dam
safety program that includes Risk-Informed Decision
Making (RIDM) as a core component of the program

+ Completed Semi-Quantitative Risk Analysis (SQRA) on

IRWD’s dam portfolio that identified the following:

— No conditions requiring emergency actions were identified

— Rattlesnake Dam posed a higher risk in the portfolio driven
by seismic performance, potential for liquefaction of
alluvium foundation, and seepage through the
embankment

— Initial action items to complete in 2022
including evaluating Interim Risk Reduction Measure
at Rattlesnake Dam

Irvine Ranch Water District

4
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A: Deformation of embankment due to loss of
strength of embankment materials and/or

. . . . 103
liquefaction of alluvium foundation

B: Internal erosion through soil foundation 10+ LT

C: Internal erosion along the outlet conduit

D: Spillway slab failure \4i

Likelihood »

N
o
o

10

E: Internal erosion through embankment

1 10 100 1,000
Consequences *

Irvine Ranch Water District

5

* Previous studies indicate presence of
alluvium foundation material, potential for
liquefaction of foundation, and a wide range 103

of material strengths.
+ Additional geotechnical investigations and ) IR BN R— _ ]

evaluations are needed to characterize
extent and strengths of liquefiable materials.

Likelihood »
>

» Permitted operating level of 406-ft may not
provide adequate risk reduction.

* Preliminary slope stability analysis indicates 10
significant risk reduction by operating at or
below elevation 395-ft.

1 10 100 1,000
Consequences >

Irvine Ranch Water District
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Maximum Water Level Below

Potential Slip Surface
Finding: -
/

Decreasing the maximum

water level reduces the risk _—es Potential Sl
of the PFM with the greatest L N
likelihood of occurring. N

EMBANKMENT ™

Action:

Staff intends to continue
operating the reservoir at a
maximum water level of
395-ft until further notice.

Irvine Ranch Water District

Water Level (ft) Reservoir Storage Change in Storage
412’

Spillway Crest — Original 1,450 AF
Current DSOD Established 1,100 AF

- 350 AF

- 500 AF
Interim Operating Level 600 AF

» The IRWD recycled water system can
operate effectively with Rattlesnake
Reservoir’'s maximum operating water
level at 395 feet.

Original Reservoir Bottom ~ 360’ + With 500 AF less storage capacity, IRWD
will need to buy an additional 500 AF of
supplemental water. (For 2022, an
estimated cost of $400,000.)

Irvine Ranch Water District
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2022 2023 2024 2025

— Continue implementing Interim Risk
Reduction Measure

Geotechnical Investigation

— Communicate Risk Analysis and
Geotechnical Exploratory work with DSOD

— Perform Issue Evaluation Study and )

Proceed with retaining engineering services to investigate and

evaluate geotechnical conditions, seismic performance and
seepage at Rattlesnake Dam

Irvine Ranch Water District

9
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