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Attachment A Tolerable Risk Guidelines

1. This appendix provides definitions used by the USACE Levee Safety Program as
well as information on Tolerable Risk Guidelines (TRGs) and how the TRGs are used
with respect to the Levee Safety Program.

a. The term “levee risk,” sometimes referred to as “incremental risk,” is used to refer
to the risk associated with the levee system itself. Flooding in a leveed area may occur
from four scenarios, referred to as “inundation scenarios.” These four inundation
scenarios are: 1) breach prior to overtopping; 2) overtopping with breach; 3) malfunction
or improper operation of levee system components; and 4) levee overtopping without
breach (also referred to as non-breach).

b. Alevee system is defined as a manmade barrier along a watercourse with the
principle function of excluding flood waters from a portion of the floodplain (referred to
as the “leveed area”) for a limited range of flood events. A levee system is composed of
one or more levee segments and other features that are collectively integral to
excluding flood water from the leveed area. Levee features may consist of
embankments, floodwalls, pipes and associated drainage features, closures, pumping
stations, and channels. Highway and railroad embankments or other non-project
segments that are integral to the performance of excluding flood water from the leveed
area will be considered to be part of a levee system. Some Congressionally authorized
projects can be composed of one or more levee systems. Other types of infrastructure,
such as structures along canals, may meet the definition of a levee system and will be
considered a part of the Levee Safety Program on a case by case basis.

2. With regard to TRGs, the Levee Safety Program uses a “tolerability of risk”
framework with associated TRGs, originally developed in the United Kingdom and
adapted elsewhere. The concept evolved from the recognition that absolute safety is
not practical and that managing risks needs to reflect how people and society view risk.
The tolerability of risk approach is a framework for reaching decisions by focusing on
the most serious risks in a consistent, efficient, and transparent manner. USACE will
use TRGs to inform the degree and priority of federal investments and actions; to make
recommendations on non-federal investment to others on the same basis; and to
determine if the risk associated with levee systems is “tolerable,” which is a judgment of
the appropriateness of collective federal and non-federal efforts to manage that risk.

a. USACE will consider risk to life safety related to the TRGs from two perspectives,
societal life risk and individual life risk. Societal life risk is the risk of widespread or
large-scale catastrophes from the inundation of a leveed area that would result in a
negative societal response. In general, society is more averse to risk if multiple
fatalities were to occur from a single event. In contrast, society tends to be less averse
to risks that result from many events resulting in only one or two fatalities, even if the
total losses from the small events is larger than that from the single large event.
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Individual life risk is represented by the probability of life loss for the identifiable person
or group by location that is most at risk of loss of life due to a levee breach. Individual
life risk is influenced by location, exposure, and vulnerability within a leveed area.

b. USACE will consider economic risk associated with the likelihood of direct and
indirect economic losses within the leveed area or impacts on the national or regional
economy. Direct economic risk can include damage to private and public buildings,
contents of buildings, vehicles, public infrastructure such as roads and bridges, public
utility infrastructure, agricultural crops, agricultural capital, erosion losses to land, and
costs associated with cleaning up contaminates. Indirect economic risks are those
associated with the loss of regional economic activity due to inundation of a leveed
area..

c. USACE will also consider environmental risk associated with the likelihood of
both direct and indirect impacts on natural, ecological, cultural, human, and historic
resources, as well as impacts on the nation’s security within the leveed area that
typically cannot be measured in monetary terms.

3. The following defines the four TRGs and how USACE will consider each TRG in
more detail.

a. TRG 1 - Understanding the Risk. The first tolerable risk guideline involves
considering whether society is willing to live with the risk associated with the levee
system to secure the benefits of living and working in the leveed area. In other words,
answering the basic question — are the risks commensurate with the benefits? The
process to evaluate this guideline will include a combination of considering the risk
estimates from a risk assessment with qualitative factors. USACE will consider life
safety, economic, and environmental risk for TRG 1 as described below.

(1) Evaluation of Life Safety Risk. The life safety risk matrix shown in Figure
1 will be used to guide the decision of whether the life safety risk associated with a
levee system meets TRG 1 both from a societal and individual life risk perspective.
Consideration of uncertainty in the risk estimates will be a factor in determining if life
safety risk meets TRG 1, especially for those risk estimates that plot on or around the
individual and/or societal risk lines. When the life safety risk has average loss of life of
1,000 or more with an annual exceedance probability of breach of 1.E-06 or less, those
situations will be closely scrutinized prior to deciding if the risks are tolerable due to
limitations with methods to estimate probabilities that low. For those situations where
TRG 1 is met for societal life risk but not individual life risk, further considerations
related to identifying the most at risk individuals in the leveed area; verifying the
potential for life loss; and considering whether individuals exposed consider the benefits
worth the levee risk will be taken into account for TRG 1.
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Figure 1. Life Risk Matrix
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(2) Evaluation of Societal Life Risk. Risks that plot above the societal life risk
line are considered unacceptable except in exceptional circumstances. Exceptional
circumstances refer to a situation when USACE, acting on behalf of society, may
determine that the life safety risks, although high, can be considered meeting TRG 1
based on benefits that the levee system brings to society at large and that additional
risk reduction is not justified or feasible. Typically, it takes a feasibility level of effort to
determine if this type of exceptional circumstance exists. Typically, risks that plot below
the societal life risk line are considered to have met TRG 1 for life safety risk.

3) Evaluation of Individual Life Risk. USACE has chosen to use 1 in 10,000
per year (1E-04) for the probability of life loss for an individual or group of individuals
most at risk. The goal is to keep the risks associated with USACE program levees from
increasing the probability of death for an individual above annual mortality rates. The
individual tolerable risk line is shown in Figure 1.

4) Evaluation of Economic Risk. After evaluating life safety risks related to
Figure 1, USACE will consider how economic risks determined from the risk
assessment may influence a determination for meeting TRG 1. Similar to risk
estimates for life safety, when the economic risk associated with a seemingly remote
annual exceedance probability of breach or overtopping with breach of 1.E-06 or less,
those situations will be closely scrutinized.

(5) Evaluation of Environmental Risk. After evaluating life safety risks related
to Figure 1, USACE will consider how the non-monetized risks determined from the risk
assessment may influence a determination of meeting TRG 1.

b. TRG 2 - Building Risk Awareness. The second tolerable risk guideline involves
determining that there is a continuation of recognition and communication of the levee
risk, because the risk associated with levee systems are not broadly acceptable and
cannot be ignored. The rationale for meeting TRG 2 will be determined qualitatively and
may be met through USACE levee safety program activities and/or levees sponsor
activities, which includes risk communication. The following questions should be
considered for TRG 2.

(2) Does the levee sponsor(s) have access to and are they aware of the best
available levee risk information? Examples of this include participation in screening or
higher level risk assessments with USACE and updating and posting the Levee System
Summary.

(2) Has the community in the leveed area been provided the best available
risk information associated with the levee system? Examples include public
engagement activities, media stories, or a current community website.
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3) Have flood risk (residual risk) and potential changes to flood risk over time
been communicated to the community? Examples include public engagement activities,
media stories, or a current community website.

c. TRG 3 - Fulfilling Daily Responsibilities. The third tolerable risk guideline
involves determining that the risks associated with the levee system are being properly
monitored and managed by those responsible for managing the risk. The rationale for
meeting TRG 3 will be determined qualitatively and may be met through USACE levee
safety program activities and/or levees sponsor activities. TRG 3 can be met through
demonstrated monitoring and risk management activities. This would include an active
operation and maintenance program, visual monitoring (documented regular
inspections), updated and tested emergency plan, instrumentation program, and interim
risk reduction measures plan.

d. TRG 4 - Actions to Reduce Risk. The fourth guideline is determining if there are
cost effective, socially acceptable, or environmentally acceptable ways to reduce risks
from an individual or societal risk perspective. If it is determined that there are no cost
effective or acceptable ways to further reduce risks, USACE may consider this an
exceptional circumstance and therefore might consider the levee risk to be tolerable
even if the life safety risk exceeds the associated tolerability guideline under TRG 1.
The following questions should be considered for TRG 4.

(1) Have appropriate actions been taken to reduce risks?

(2) Could any actions reasonably be taken that would reduce risks further?
(3) What is the cost to reduce the risk and how much is the risk reduced?
(4) Should actions be evaluated in a detailed study?

5) Is there demonstrated progress towards implementing risk reduction
measures?
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