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Preface

The 1980 eruption of Mount St. Helens resulted in a massive debris ava-
lanche and pyroclastic flow into the Toutle River valley. This event caused 
sweeping changes to the hydrology of the Toutle River and to the Cowlitz 
River into which the Toutle flows. The headwater of the Toutle River in 
Spirit Lake was blocked by volcanic debris hundreds of feet in depth, and 
the lake bottom itself was raised 200 feet. Catastrophic breaching of the 
blockage by high water in Spirit Lake could release more than 300,000 
acre-feet of water and 2.4 billion cubic yards of sediment into the Toutle, 
Cowlitz, and Columbia Rivers, causing massive damage and loss of life.

The U.S. Forest Service (USFS) is responsible for a large part of the 
region around and including Mount St. Helens and Spirit Lake. Following 
the eruption, several alternatives were considered for draining the lake and 
maintaining a safe water level. The solution chosen was to bore a tunnel 
through Harry’s Ridge into the Coldwater Creek drainage and thus into 
Coldwater Lake. Now, some 36 years later, that tunnel has undergone 
and is again in need of expensive repairs. While the tunnel is located on 
land managed by the USFS, it was constructed by the U.S. Army Corps 
of Engineers (USACE). Using funds provided by the USFS, the USACE 
has inspected and repaired the tunnel since its construction. The U.S. Geo-
logical Survey (USGS) has responsibility for monitoring geologic activity 
in the region. 

The technical issues precipitated by the 1980 eruption include man-
agement not only of Spirit Lake and its drainage but also of the massive 
volume of sediments resulting from the eruption. Those sediments con-
tinue to be transported down the North Fork Toutle River where they 
create hazards to the environment, flood risk, and hazards to navigation. 
In 1989, the USACE constructed a sediment retention structure (SRS) 
in the North Fork Toutle River to minimize sediment transport into the 
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P R E FA C E

Toutle and Cowlitz Rivers by trapping that sediment upstream of the SRS. 
Whereas the SRS provided a temporary solution for sediment management 
downstream, its existence and management affects other aspects of river 
management, for example, restoring passage for anadromous fish in the 
system and protecting cultural and recreational resources.

Today, a complex system of infrastructure exists to control water and 
sediment flow. This infrastructure is subject to multiple natural hazards, 
including volcanic, seismic, and hydrologic, and is the responsibility of 
separate federal, state, and local agencies. The need for millions of dollars 
of repairs on the tunnel prompted members of Congress to request that the 
USFS, the USACE, and the USGS develop a long-term plan to manage 
water levels. An ad hoc committee of the National Academies of Sciences, 
Engineering, and Medicine was ultimately convened at the request of the 
USFS to “recommend a framework for technical decision making related 
to long-term management of risks related to the Spirit Lake and Toutle 
River system in light of the different priorities of federal, tribal, state, rel-
evant local authorities, and other entities.” The management of a system of 
this complexity requires a methodical framework suitable to the systems 
aspects of the problem and the uncertainties that attend it. Identifying such 
a framework has been the committee’s goal.

The committee is grateful for the competence and efficiency of the 
National Academies staff assigned to this project. Complicated logistical 
arrangements were handled with ease and good humor by Nicholas D. 
Rogers, financial and research associate, and Courtney R. DeVane, admin-
istrative assistant. Leonard A. Shabman, resident scholar at Resources for 
the Future, served as an unpaid consultant to the  committee. Paul Stern, 
a National Academies scholar, contributed to the committee’s meetings 
and report, as did Edmond Dunne. We would also like to thank National 
Academies staff member David Policansky for providing comments on 
the draft report.

The staff director for the project has been Sammantha L. Magsino, 
senior program officer with the Board on Earth Sciences and Resources. 
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Preface

Without her, this study would not have been successful. She has an ability 
to convert energetic discussion into consensus, miscellaneous prose into 
coherent text, and rambling discourse into a rational report. 

Gregory B. Baecher 
Chair 
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Summary

The 1980 eruption of Mount St. Helens in southwest Washington State 
radically changed the physical and socioeconomic landscapes of the region. 
The eruption destroyed the summit of the volcano, sending large amounts 
of debris into the North Fork Toutle River and blocking the sole means 
of drainage from Spirit Lake 4 miles (6.4 km) north of Mount St. Helens 
(see Figure S.1). Rising lake levels could cause failure of the debris block-
age, putting the downstream population of approximately 50,000 at risk 
of catastrophic flooding and mud flows. Furthermore, continued transport 
of sediment to the river from volcanic debris deposits surrounding the 
mountain reduces the flood carrying capacity of downstream river channels 
and leaves the population vulnerable to chronic flooding. 

Engineering measures were implemented in the 1980s to manage both 
catastrophic and chronic risks associated with the debris blockage and 
sediment loads in the rivers. These included construction of a 1.56 mile 
(2.6 km) tunnel at Spirit Lake to drain the lake and control lake levels, a 
sediment retention structure (SRS) on the North Fork Toutle River ap-
proximately 8 miles (~13 km) downstream of Spirit Lake, and implemen-
tation of flood risk management measures, including levee upgrades in 
the lower Cowlitz River valley. River dredging has also been necessary to 
maintain navigation.

Engineering measures now in place, however, do not represent long-
term solutions to the region’s risk management challenges. Because the 
Spirit Lake outflow tunnel serves as the only drainage for Spirit Lake, 
disruption of tunnel operations leaves the debris blockage vulnerable 
to breaching. The tunnel has required major repairs and is not operat-
ing optimally. Additional expensive repairs are necessary, and, as for any 
constructed facility, continued costly maintenance will be needed. Down-
stream, the SRS is close to reaching its sediment trapping capacity, and 
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Summary

plans to increase that capacity by raising the SRS spillway provide only 
short-term solutions to the sediment transport problem. 

The legacy of the 1980 eruption and the prospect of future volcanic, 
seismic, and flood events mean that risk management in the Spirit Lake 
and Toutle River system will be challenging for decades to come. Future 
actions need to accommodate a much broader range of objectives and pri-
orities of all interested and affected parties in the region. Meanwhile, the 
responsibilities for managing risk and the natural resources in the water-
shed are dispersed among federal, state, and local agencies of government 
with different and sometimes conflicting goals and authorities. 

THE STUDY CHARGE

Inspections of the Spirit Lake outflow tunnel in 2014 indicating a need 
for millions of dollars in repairs to avoid failure led members of Congress 
to request that the U.S. Forest Service (USFS), the U.S. Army Corps 
of Engineers (likely), and the U.S. Geological Survey (USGS)— agencies 
with mandated responsibilities in the region—develop a long-term plan to 
manage Spirit Lake water levels. At the request of the USFS, the National 
Academies of Sciences, Engineering, and Medicine convened a committee 
to develop a decision framework to support the long-term management 
of risks related to the Spirit Lake and Toutle River system in light of the 

FIGURE S.1 Mount St. Helens (triangle) is located in the Mount St. Helens Volcanic 
Monument (dashed line) and Gifford Pinchot National Forest (green) in southwest 
Washington. Spirit Lake is approximately 4 miles to the north of Mount St. Helens. The 
Toutle and Cowlitz Rivers and a portion of the Columbia River are shown. The USACE 
sediment retention structure (SRS; square) is on the North Fork of the Toutle River. Ap-
proximately 50,000 people in the towns on the Toutle and Cowlitz Rivers are at risk 
of chronic and catastrophic flooding associated with material from the 1980 volcanic 
eruption. SOURCES: Map by authors; base map: @OpenStreetMap and contributors, 
including the USGS’s The National Map: National Boundaries Dataset, 3DEP Elevation 
Program, Geographic Names Information System, National Hydrography Dataset, Na-
tional Land Cover Database, National Structures Dataset, and National Transportation 
Dataset; U.S. Census Bureau—TIGER/Line and USFS Road Data.

http://www.nap.edu/24874


A Decision Framework for Managing the Spirit Lake and Toutle River System at Mount St. Helens

Copyright National Academy of Sciences. All rights reserved.

4

M A N A G I N G  T H E  S P I R I T  L A K E  A N D  T O U T L E  R I V E R  S Y S T E M

different regional economic, cultural, and social priorities and the respective 
roles of federal, tribal, state, and local authorities, as well as other entities 
and groups in the region (referred to herein as interested and affected 
parties). 

In addition to developing a decision framework, the committee was 
asked to consider the history and adequacy of characterization, monitor-
ing, and management associated with the Spirit Lake debris blockage and 
outflow tunnel; to consider other efforts to control transport of water and 
sediment from the 1980 and later eruptions; and to suggest additional 
information needed to support implementation of the recommended 
deci sion framework. The committee was also asked to identify alterna-
tives that might be considered for long-term management of water and 
sediment transport within the Spirit Lake and Toutle River system. The 
statement of task does not call for the committee to quantitatively exam-
ine the  viability of long-term management alternatives. Instead, regional 
authorities, guided by the proposed decision framework, would perform 
detailed analyses later. The committee concluded that such an examination 
could include a  quantitative risk assessment, benefit-cost analyses, and 
analyses of other data.

THE EVOLVING DECISION LANDSCAPE

Two types of long-term and system-wide risks need to be considered in 
the Spirit Lake and Toutle River region. First are the relatively high-prob-
ability, moderate-consequence risks associated with chronic flooding along 
the Toutle and Cowlitz Rivers. These could cause social and economic 
disruption in populated and commercial areas and are mostly the result of 
channel infill from the movement of sediment out of the Toutle River and 
into the Cowlitz River. Second is the likelihood of life loss and community 
destruction caused by catastrophic flooding and mudflows into populated 
areas along the Toutle River and the lower Cowlitz River. These risks are 
of relatively low probability but high consequence, likely the result of the 
destabilization of sediment above the SRS or due to a breach of the Spirit 
Lake debris blockage.
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Following the 1980 eruption, two principal considerations influenced 
management decisions: (1) the costs of possible management actions and 
(2) their impacts on the safety of downstream communities. 

Decision making related to water and sediment transport in the region 
has tended to be linear: a responsible agency formulated a specific problem 
within its authority, analyzed options, and made a decision. Engagement 
with interested and affected parties consisted largely of public meetings 
held by the agency at certain points in the decision process to receive public 
comments. Although this process accomplishes some goals, it typically 
limits opportunities to explore the values and management ideas of other 
interested and affected parties, misses opportunities to identify joint gains, 
and can leave the excluded parties lacking trust in decisions made by those 
in authority. Decades past the initial response, values such as those related 
to ecological conditions and recreational benefits have gained currency in 
stakeholder perceptions. For example, prior to the eruption, the North Fork 
Toutle River valley was an important recreation area for fishers, hunters, 
and other users. Commonly discussed among local residents today are the 
impacts of management decisions on the possibility of recovering fish spe-
cies, including salmon, steelhead, and the sea-run coastal cutthroat trout, 
all of which spawn naturally within river systems.

DATA AND ANALYTICAL NEEDS

Since 1980, natural and engineered processes have changed the Spirit 
Lake and Toutle River system. Engineering practice has evolved, as have 
concerns among interested and affected parties. Many data collection 
activities, however, such as groundwater monitoring within the debris 
blockage and most measurements of sediment sources and transport, 
stopped in the 1980s or 1990s, and few new data have been collected in 
response to changing priorities, such as those related to aquatic ecology. 
The information available to correctly inform long-term management of 
the region is outdated and incomplete. Physical characterization of com-
ponents of the system needs to be updated. Monitoring capabilities and 
data collection programs need to be updated, and analytic capabilities 
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need to be reevaluated. Key data that could inform decisions need to be 
identified collaboratively.

Decisions related to the long-term management of Spirit Lake  water 
levels need to be informed by a current characterization of the debris block-
age damming the lake; the location and behavior of groundwater in the 
blockage; current meteorological trends; a quantified characterization of 
risks posed by volcanic activity on Spirit Lake water levels; and on the 
response of the blockage to local and regional seismic events. Recent in-
sights regarding the likelihood of a Cascadia Seismic Zone earthquake 
affecting the Mount St. Helens vicinity warrant greater examination. 
 Systematic site-specific seismic hazard studies to develop reliable estimates 
of  anticipated ground shaking are needed (particularly at Spirit Lake and 
the SRS) but have not been performed although such analyses are routine 
for infrastructure around the country. 

Recommendation: Agencies engaged in risk management in the Spirit 
Lake and Toutle River region should develop a coordinated and targeted 
monitoring system to track changes in factors that affect risk. Data and 
analyses should be shared and made available to all. (Chapter 4)

OPERATIONAL RISK

Among the more credible risk scenarios for Spirit Lake is the rapid lake 
level rise observed during periods when the tunnel is closed for repair. This 
represents an operational risk. Another operational risk could be failure 
of such engineered structures as the SRS or levees. Occupational safety 
and health risks associated with operating infrastructure (e.g., wood debris 
removal near the Spirit Lake tunnel intake or opening and closing the tun-
nel gates) represent another kind of operational risk. It appears that such 
operational factors have not been systematically considered in appraising 
risks associated with the Spirit Lake and Toutle River system.

 Modern approaches to risk management are increasingly based on 
probabilistic risk analyses, which address the capability of a system to 
withstand extreme loads such as the demand caused by the probable max-
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imum flood or a maximum credible earthquake. Probabilistic risk analysis 
is especially useful in appraising design and rehabilitation decisions and 
corresponding factors of safety.

Assessing operational risk involves considering the vagaries of 
weather, human operators, sensors, supervisory control and data acqui-
sition (SCADA) systems, and other operational factors. It may be that 
the risks posed by the system derive in part from these operational factors 
rather than from natural hazards and extreme events alone. 

Recommendation: Operational risk should be explicitly considered 
when evaluating alternatives for management. (Chapter 5)

THE DECISION FRAMEWORK

Given the uncertainties associated with potential moderate intensity and 
catastrophic events, as well as the analytic uncertainty associated with in-
complete or outdated information, an analytic decision process that estab-
lishes risk management as an organizing principle is needed. But, given 
the competing values of interested and affected parties in the region; the 
lack of agreement on planning time frames; the overlapping but sometimes 
competing management responsibilities and authorities in the region; and 
the limited budgets of those authorities, that process needs to promote 
communication and trust among agencies and the public so that technical 
decisions effectively and satisfactorily incorporate the priorities of those 
interested and affected parties. 

Recommendation: Adopt a deliberative and participator y 
decision-making process that includes technical considerations; bal-
ances competing safety, environmental, ecological, economic, and other 
objectives of participants; appropriately treats risk and uncertainty; and 
is informed by and responsive to public concerns. Dialogue among in-
terested and affected parties and technical experts should be iterative, 
begin with the formulation of the problem, and continue throughout the 
decision process. (Chapter 6)
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The multiple objectives of enhanced safety of downstream commu-
nities and the protection of the local and regional ecology and economic 
activities, per the statement of task, need to be integral to the decision- 
making process. A decision framework is defined herein as a model to 
guide the systematic processes for making choices in the face of complex-
ity and uncertainty. It assists interested and affected parties in the region 
in addressing management issues. The “PrOACT” framework (Keeney, 
1988) is one such model that includes the following steps: (1) clarify the 
decision Problem; (2) identify the decision Objectives and ways to measure 
them; (3) create a diverse set of Alternatives; (4) identify the Consequences; 
and (5) clarify the Trade-offs. These steps are similar to those in other 
frameworks. 

Although originally intended for use by a single decision maker, the 
PrOACT framework has been modified for decisions made by multiple 
deci sion makers and applied successfully to other water management deci-
sions of significant complexity. The committee recommends the  PrOACT 
construct in this modified form because it is based on an analytical- 
deliberative process that relies on the results of scientific and engineering 
investigations and incorporates deliberation with representatives of the 
broader public throughout the decision process to both influence and be 
influenced by technical analysis. Second, the decision framework explicitly 
calls for use of decision analysis techniques to properly account for the 
multiple objectives and multiple values of interested and affected parties.

Step 1: Clarifying the Decision Problem in a Participatory Setting

A decision problem is defined as that issue or set of issues about which 
management decisions need to be made. Broadly stated, the decision prob-
lem in this case is to determine a long-term solution for managing water 
and sediment transport in the Spirit Lake and Toutle River system. An 
overall goal of the recommended decision framework is to search for and 
identify mutually supportable, effective, and defensible management alter-
natives. The process requires agreeing on the following elements:
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• Who leads the process?
• Who is involved, and what are their roles?
• What types of solutions can be considered?
• What is the geographic scope under consideration?
• What is the time frame being considered for this decision problem?

Early in the decision process, the full range of interested and affected par-
ties needs to be engaged at a depth sufficient for management decisions to 
be adequately informed by their concerns and values. Agencies may already 
include other interested and affected groups in community outreach, but 
their methods of inclusion are in need of reshaping.

Participants in the decision process may include, but are not limited 
to, agencies with authority or other interests in the area; those who expe-
rience the safety, economic, cultural, or life-quality impacts resulting from 
management decisions; and those with specialized knowledge related to 
potential management impacts. The number of people participating in 
focused discussions needs to represent the broad spectrum of interests of 
the region but also needs to be small enough (i.e., not more than 25 people) 
so that technical and socioeconomic trade-off discussions can be of suffi-
cient depth to be meaningful and effective. In addition to this group, there 
must be a neutral support team that includes expertise in the technical and 
scientific fields of concern, decision analysis, stakeholder engagement, and 
group facilitation. This team is responsible for implementing the decision 
framework.

Recommendation: Broaden and deepen the participatory decision- 
making process from its early stages to include and assimilate the knowl-
edge and interests of affected groups and parties whose safety, livelihoods, 
and quality of life are affected by management decisions. (Chapter 6)

IdentIfyIng a Lead

No single agency in the region (e.g., the USFS or the USACE) has uni-
lateral authority to make choices and funding decisions about management 
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across the system. Outcomes may be perceived as biased if a multiparty 
process is implemented primarily using the internal resources of any single 
agency. A framework implementer—a lead—needs to be identified that 
is responsible for understanding and applying the collaborative analytic 
decision-making process. This may be the agency with authority over the 
primary issue at hand, but agreement among interested and affected parties 
(including agencies with management authorities in the region) regarding 
the choice of the lead builds trust in the decision process. If the lead or 
the lead agency lacks the skills needed to provide high-quality and neutral 
support for decision making, those skills could be recruited externally. 

Ideally, the lead would be a new system-level entity or a formal 
consortium of existing agencies. This would provide a central focus for 
 congressional mandates and appropriations, ensure collaboration across 
agency and jurisdictional boundaries, and maintain continuous engagement 
by all interested and affected parties. Such an arrangement would likely 
require a number of congressional actions.

Recommendation: Create a system-level entity or consortium of agencies 
to lead a collaborative multiagency multi-jurisdictional effort that can 
plan, program, create incentives, and seek funding to implement man-
agement solutions focused on the entire Spirit Lake and Toutle River 
system. This effort should also be open and accountable to interested and 
affected parties involved in management decisions. (Chapter 6)

IdentIfyIng the geographIc Scope

The Spirit Lake and Toutle River system is a physically and socio-
economically dynamic system that changes in response to natural and 
anthro pogenic processes. Adequate long-term risk management of the sys-
tem depends on recognition of the interconnections and inter dependencies 
among subsystems, including engineered elements. Addressing risk in 
one part of the system (e.g., associated with sedimentation) can affect 
risk to other aspects of the system (e.g., associated with aquatic ecology). 
Responsibilities and concerns among interested and affected parties are 
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also connected in ways that become clear only with system-level analysis. 
 Responsible agencies and other affected parties, however, tend to focus on 
their respective responsibilities and interests, on specific locations or fea-
tures, and over short time frames. This divergence of interests is contrary to 
sound management. While the post-1980 eruption efforts by the  USACE 
addressed flood mitigation and related sediment control options (e.g., the 
SRS, levee improvements), these individual solutions to system-wide 
problems were considered separately and rarely in consideration of other 
issues affecting the region. This pattern continues today for management 
of  almost all elements of the system by all parties.

Recommendation: Engage in system-wide thinking when making deci-
sions about management objectives, approaches, and alternatives for 
the Spirit Lake and Toutle River system. Depending on the issues being 
considered, the system may include the Cowlitz River or extend beyond 
it. (Chapter 6)

deveLopIng common UnderStandIng of the SyStem  
and management optIonS

Wise system management requires the development of shared knowledge 
and shared recognition of the visions, values, and objectives of key actors, 
but views on the nature and causes of problems in the Spirit Lake and 
Toutle River system diverge among interested and affected parties. Simi-
larly, views on the feasibility and requirements of management alternatives 
diverge. This is exacerbated by fragmentation of information and expertise 
held by the various agencies given their respective agency missions. No 
single organization is responsible for investigating all aspects of the sys-
tem. Various interested and affected parties sometimes use terminology 
or discuss concepts without appreciation of the ways others define those 
terms and concepts. For example, a surface outlet channel for Spirit Lake, 
which would allow passage of spawning fish (presumably with fish passage 
around the SRS ensured), has been described by some as representing a 
more “natural” management alternative for controlling lake levels than does 
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a tunnel. The hydraulic constraints of such an outlet, however, may require 
a steep and heavily reinforced spillway—far from “natural”—that may be 
inimical to fish passage. 

Recommendation: Responsible agencies and other interested and 
 affected parties should develop a common understanding of the Spirit 
Lake and Toutle River system, its features, hazards, and management 
alternatives. (Chapter 3)

chooSIng a tIme horIzon

Identifying a time horizon creates the potential for institutional and so-
cial conflict because different planning time frames may require different 
management strategies. Long time frames may result in avoidance of short-
term solutions to immediate problems. They may focus on low-probability 
but catastrophic seismic or volcanic events that could overwhelm hydraulic 
infrastructure and make prior planning seem irrelevant. On the other hand, 
short time horizons may favor management alternatives that resolve exist-
ing problems, but they may preclude desirable capital-intensive projects. 
They may also result in understating the importance of high-consequence, 
low-probability events. Defining a time frame for risk management deci-
sions is critical and should be explicit. Management time frames need to 
be reconsidered in light of short- and long-term risk, the finite engineering 
design life of infrastructure, and unanticipated events or conditions as well 
as in terms of the financial burdens left to future generations. The time 
frames need to be revisited during the decision process to determine their 
appropriateness as new information is gathered. 

Recommendation: Alternatives for managing the Spirit Lake and Toutle 
River system should be judged over both short and long time frames 
to ensure consideration of the range of the concerns of interested and 
affected parties. (Chapter 5)
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Step 2: Identifying Decision Objectives

Once interested and affected parties are identified, the decision participant 
group is selected, and the team of experts that provides neutral support is 
in place, a set of decision-specific objectives can be clarified and structured. 
Decision objectives are the goals that matter to the participants of the 
 deliberative process when comparing alternatives. They are always phrased 
as verbs—for example, to maximize economic well-being or to minimize 
adverse environmental impacts. Objectives become quantitatively defined 
once metrics are assigned for their measurement.

Objectives of all interested and affected parties need to be identified 
and the compiled list used as the basis for further deliberations among deci-
sion makers. Identifying objectives includes developing a common under-
standing of the underlying interests of decision participants. For example, 
an often-stated objective is to restore the “naturalness” of the system, but 
“naturalness” means different things to different people. Objectives related 
to such an ill-defined goal could be more specifically placed into such cat-
egories as increasing fish passage through the SRS and into Spirit Lake, 
increasing the “pristineness” of the area, or pursuing management solutions 
that require little human intervention.

Decision objectives serve as a basis for comparing alternatives. For 
example, the USACE developed a comprehensive plan in 1983 that com-
pared management alternatives based on flood control (including both 
the risk of a catastrophic breakout of Spirit Lake and the risks of chronic 
floods), navigation, water quality, erosion, fish and wildlife, and mainte-
nance of cultural resources. Decision group participants today may want 
to elaborate on that list to include ecosystem services (e.g., establishing an 
environmental landscape of the Toutle River), cost (both expected cost to 
implement and cost risk associated with potential nonperformance), and 
safety, including operational safety of workers inherent in the different 
alternatives.

Management alternatives could be studied in ways that allow for 
a better understanding of the relationships between objectives and 
alternatives—for example, through use of an objectives hierarchy, which 
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helps decision participants to better understand the relationships between 
or among specific goals. An objectives hierarchy is created by deciding 
which objectives represent the highest-level goals (e.g., minimize adverse 
impacts to the ecology of the system) and which are intermediate objectives 
that must be met to obtain the highest-level objectives (e.g., minimize 
impacts to anadromous fish, minimize impacts to large mammals, minimize 
impacts to waterfowl). Each of those subgoals can be further broken down 
into more subgoals, eventually representing the relationships of all the 
objectives identified by interested and affected parties. 

Performance metrics will need to be established to give decision par-
ticipants a means to quantify a desired objective outcome so that expected 
progress toward or away from that objective can be modeled. Some metrics 
may directly measure the consequences of interest in their own terms (e.g., 
maintenance cost can be measured in dollars). Other metrics are best stated 
as proxies (correlates) for the consequences of an alternative (e.g., acres or 
hectares of accessible fish spawning habitat as a proxy for fish abundance). 
Other objectives may be difficult to quantify directly or indirectly because 
of unobservable or hard to measure impacts. In such cases, scales may be 
constructed for the problem at hand, with each level of the scale defined 
with a succinct and relevant narrative agreed to by the decision makers.

Step 3: Creating a Diverse Set of Alternatives

The third step of the decision process addresses alternatives. The goal is 
to craft multiple and diverse sets of management alternatives that would 
address the collaboratively generated list of management objectives. Man-
agement alternatives need to be considered as region-wide strategies and in 
terms of how they affect different elements in the system (e.g., engineered 
infrastructure, capital works, operations of engineering works, emergency 
response plans, natural environment, socioeconomic elements) and in terms 
of all types of change. They reflect the decision objectives identified by the 
group of decision participants and clearly specify what actions would be 
needed in different parts of the system for the strategy to be implemented. 
A skilled facilitator and decision analyst may help decision participants 
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navigate through the objectives to avoid a stalling of deliberations. This 
process may use tools such as strategy tables (see Chapter 7) to create 
mental models for comparing individual actions within a strategy. Inter-
dependent elements of the system need to be identified and linked (e.g., 
linking alternatives to encourage fish passage to Spirit Lake with actions 
to enhance passage beyond the SRS) and independent elements (i.e., those 
that do not affect reaching stated objectives) can be considered separately 
to simplify analysis. Alternatives that are dependent on system response 
with time (e.g., alternatives to address sediment buildup behind the SRS 
spillway with time) need to be adequately described. 

Step 4: Identifying Consequences

In the vocabulary of the decision framework, “consequences” are the esti-
mated impacts over time—both good and bad—of the various alternatives 
as determined using performance metrics. There may not be a common un-
derstanding of how physical processes interact with possible management 
alternatives. A deliberative and participatory approach that involves both 
interested and affected parties and technical experts in building “if-then” 
hypotheses and cause-and-effect relationships can aid those participants in 
generating a common understanding of how management options impact 
the issues of concern for participants. 

Analysis of possible consequences needs to include consideration of 
the range of uncertainties associated with the management alternative itself 
and those inherent in the Spirit Lake and Toutle River system. Capturing 
risk and uncertainty is a technical exercise that may also be value laden. 
Participants’ attitudes toward risk may be diverse and complicated. Iter-
ative, structured dialogue with interested and affected parties throughout 
the process allows attitudes toward risk to be captured in a consistent way, 
understood by all, and incorporated appropriately into the decision process. 
The resulting deeper insight related to uncertain consequences informs 
later trade-off discussions when choosing among alternatives. 

In order to capture the risk of a breakout of Spirit Lake, for example, 
more work to aggregate different sources of risk into one overall measure 
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of risk is needed. This would allow alternatives intended to address other 
(perhaps, non-flood-related) objectives to be adequately assessed for how 
they might also affect the risk of a catastrophic breakout. The results would 
then be translated into a useful measure of “risk of catastrophic flood” to 
help participants compare options and understand trade-offs. 

Comparing alternatives using quantitative performance metrics de-
fined by the decision group is important for understanding the alignment 
between the consequences of alternatives and the stated objectives. The 
development of detailed consequence tables (see Chapter 8) based on those 
metrics helps focus value-laden discussions on key trade-offs and mini-
mizes deliberation over what may be inconsequential technical issues. 

Step 5: Clarifying the Trade-Offs

Identifying and closely considering trade-offs (i.e., compromises) is the last 
step of the decision process. Getting to this step, however, may require an 
iterative revisiting of previous steps. The overall purpose of the decision 
process is not to find some objectively defined optimal solution, but rather 
to find a good solution that is supportable at some level by all the decision 
participants. In most cases, this support hinges on participants’ awareness 
and acceptance of various trade-offs. Some anticipated trade-offs could 
revolve around downstream sedimentation versus a more “natural” drain-
age system; cost versus catastrophic flood risk; sediment retention versus 
anadromous fish abundance; fish populations downstream versus fish pop-
ulations upstream of the SRS; and short-term versus long-term actions 
and consequences. 

A well-implemented decision process should help participants balance 
competing objectives in searching for a mutually acceptable solution. Com-
plex trade-offs that involve multiple conflicting objectives and multiple 
alternatives may be addressed with decision analysis techniques that focus 
consideration on key value trade-offs, perhaps through quantitative ranking 
and weighting methods.
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THE FIRST APPLICATION OF THE DECISION PROCESS: 
MANAGING SPIRIT LAKE WATER LEVELS

It is likely that the first attempt to apply this decision framework will be 
related to decisions regarding management of water levels in Spirit Lake. 
These currently fluctuate seasonally approximately 11 feet (~3.4 m), and 
it is assumed by regional experts the lake will breach its blockage if water 
 levels rise another 26 feet (~8 m). The repeated need for repairs on the 
outflow tunnel controlling lake levels has led to a recent, largely non-
quantitative potential failure modes analysis (PFMA)—based largely on 
professional judgment—of management alternatives that were first con-
sidered shortly after the 1980 eruption. These include major rehabilitation 
of the Spirit Lake outlet, the creation of a permanent pumping facility, 
installation of a buried conduit through the debris blockage, and digging 
a riverine channel across the debris blockage. Though the committee was 
neither asked to evaluate the PFMA nor was it provided direct access to 
the PFMA, committee members nevertheless concluded that there is a 
substantive knowledge gap regarding practical design issues that needs to 
be resolved before alternatives can be usefully compared by decision group 
participants. 

As decision participants consider long-term management of Spirit 
Lake, they may want to consider a broader and bolder set of alternatives. 
Options for consideration could include, for example, lowering lake  levels, 
draining the lake, installing a second modern drainage tunnel on a differ-
ent alignment, or constructing a dry spillway as a backup outlet. A second 
tunnel would allow unconstrained rehabilitation of the existing tunnel 
and provide redundancy in the control of Spirit Lake and may also open 
the possibility for more flexible long-term management. A second tunnel 
might also allow restoration of a more natural drainage through the debris 
blockage more than a reinforced engineered outflow channel would as cur-
rently envisioned. The viability of such options is best quantified through 
an analytical-deliberative process as outlined in the report. 
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C H A P T E R  1

Introduction

The explosive 1980 eruption of Mount St. Helens in southwest Washing-
ton State destroyed the summit of the volcano, resulting in a massive debris 
avalanche. Debris avalanche material and large volumes of pyroclastic flow 
deposits were directed north of Mount St. Helens into the North Fork 
Toutle River valley (see Figures 1.1 and 1.2). Lahars (mudflows consist-
ing primarily of volcanic materials) transported volumes of sediment large 
enough to cause radical changes to the long-term hydrology of the Toutle 
River watershed and that of the Cowlitz River into which the Toutle flows. 
Enough sediment was transported to the Columbia River that 4 miles 
(6.4 km) of shipping channels approximately 50 miles (80 km) downstream 
of Portland, Oregon, had to be dredged to allow normal shipping. The 
headwater of the Toutle River—Spirit Lake, located approximately 4 miles 
(6.4 km) north of Mount St. Helens—was dammed by debris avalanche 
deposits with thicknesses in some areas of greater than 400 feet (120 m). 
That debris blockage remains today as do concerns regarding its possible 
failure. Failure could result in the release of 314,000 acre-feet (390 mil-
lion m3) of water and 2.4 billion cubic yards (1.8 billion m3) of sediment 
into the Toutle, Cowlitz, and Columbia Rivers (Swift and Kresch, 1983), 
directly impacting 50,000 people living in communities along the Toutle 
and Cowlitz Rivers.

 The Spirit Lake that existed prior to 1980 was essentially eradicated by 
the landslide and pyroclastic debris from the eruption. The Spirit Lake that 
replaced it resides in the same basin, but it is larger in aerial extent, greater 
in volume, and higher in elevation. Whereas the earlier Spirit Lake drained 
by gravity flow through a natural surface channel to the North Fork Toutle 
River, the Spirit Lake that replaced it has no natural drainage. Left as it was 
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FIGURE 1.1 Views of Mount St. Helens with Spirit Lake in the foreground taken  
(a) before the 1980 eruption, and (b) in 1982 after the eruption (note the absence of 
trees). The summit of the volcano prior to the eruption was 9,677 feet (2,950 m). The 
elevation of the crater rim following the eruption was 8,363 feet (2,550 m). Much of 
the material from the eruption debris avalanche was deposited in the North Fork Toutle 
River valley, blocking the flow of water from Spirit Lake to the North Fork Toutle River. 
SOURCES: U.S. Forest Service and U.S. Geological Survey.

(a)

(b)
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FIGURE 1.2 Regional map of the Spirit Lake and Toutle River system. Spirit Lake is 
located approximately 4 miles (6.4 km) northeast of Mount St. Helens and drains via 
the Spirit Lake outflow tunnel into South Coldwater Creek and then the North Fork Toutle 
River. Also shown are the locations of the USACE sediment retention structure (SRS) 
and State of Washington Fish Collection Facility (FCF) on the North Fork Toutle River. 
SOURCES: Map by authors; base map: @OpenStreetMap and contributors, including 
the USGS’s The National Map: National Boundaries Dataset, 3DEP Elevation Program, 
Geographic Names Information System, National Hydrography Dataset, National Land 
Cover Database, National Structures Dataset, and National Transportation Dataset; 
U.S. Census Bureau—TIGER/Line and USFS Road Data.
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following the eruption, the lake would slowly fill and eventually overtop and 
erode its blockage. The fear is that breaching could lead to a catastrophic 
flood and associated lahars when a large fraction of the lake volume escapes 
down the North Fork Toutle, inundating everything in its path. The size and 
other characteristics of this catastrophic flood were predicted using engi-
neering models in the aftermath of the eruption (Swift and Kresch, 1983), 
but there is uncertainty associated with those models. Loss of life among 
residents of communities along the Toutle and Cowlitz Rivers is likely given 
a worst-case flooding scenario and the number of people residing in flood-
prone regions. Impacts of a catastrophic breach, discussed in the literature 
and described in Chapter 4, would be felt beyond the immediate region; a 
major highway (Interstate 5) and rail transportation corridor that parallels 
the Cowlitz River and connects Portland,  Oregon, and Seattle, Washington, 
could be buried. Such catastrophic events are not unprecedented in the area, 
as geologic evidence indicates breakouts of an ancestral Spirit Lake with 
lahars of similar magnitudes (Scott, 1988a). 

Alternatives for draining the new Spirit Lake and controlling the lake’s 
water surface elevation were considered (USACE, 1984a), and the deci-
sion was ultimately made to construct an 8,600-foot-long (2,600-m), 
11-foot-diameter (3.4-m) gravity-fed tunnel to drain water west into 
South Coldwater Creek and eventually into the North Fork Toutle River 
(see Figure 1.3). The tunnel was completed in 1985 (details were sum-
marized by Grant et al., 2016a) and is now the sole egress of water from 
the lake and the sole means of controlling water levels in the lake. It has 
worked effectively, but the tunnel has required major repairs to prevent its 
failure at different times during its operation. A 2014 inspection of the 
tunnel revealed that it was again at risk of failure (Britton et al., 2016a). 
Whereas failure of the tunnel does not imply immediate failure of the 
debris blockage, it raises the risk of such failure until the outlet is restored 
or some other means of controlling water levels is created. Repairs of the 
tunnel create additional risk because drainage through the tunnel must be 
stopped to allow access to the tunnel. Prolonged repairs, especially during 
the region’s rainy season, leave the lake vulnerable to rising water levels. 
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FIGURE 1.3 Alignment of the Spirit Lake tunnel and location of the tunnel intake 
and outflow structures. The summit of Mount St. Helens is located 5 miles (8 km) south-
west of the tunnel intake. Water exiting the tunnel enters the North Fork Toutle River 
circa 6 miles (10 km) downstream of the tunnel outflow. SOURCES: Map by authors; 
base map: @OpenStreetMap and contributors, including USGS’s The National Map: 
 National Boundaries Dataset, 3DEP Elevation Program, Geographic Names Informa-
tion System, National Hydrography Dataset, National Land Cover Database, National 
Structures Dataset, and National Transportation Dataset; U.S. Census Burea—TIGER/
Line and USFS Road Data.
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Members of the U.S. Congress, aware of the increased hazard of a 
Spirit Lake breakout following the 2014 tunnel inspection, requested 
immediate corrective action (see Appendix D). The U.S. Forest Service 
(USFS), in cooperation with U.S. Army Corps of Engineers (USACE) 
and the U.S. Geological Survey (USGS), were requested to “review and 
analyze the array of options for a long-term plan that removes the threat 
of catastrophic failure of the tunnel and takes the unstable nature of the 
surface geology into account” (Beutler et al., 2015). The three agencies 
embarked on coordinated and simultaneous efforts to identify long-term 
management alternatives. This National Academies of Sciences, Engineer-
ing, and Medicine (National Academies) report is a response to a request 
from the USFS to develop a framework for technical decision making 
regarding management not just of water levels in Spirit Lake but also of 
coordinated management of water and sediment transport in the entire 
Spirit Lake and Toutle River system. Managed as a system, decisions could 
address the risk of catastrophic flooding associated both with failure of the 
debris blockage and with the management of sediment still transported 
through the river system today. These sediments result in a river hydrology 
that is drastically different from that before the 1980 eruption, making the 
population of the region more vulnerable to chronic flooding associated 
with annual rainfall events. 

In addition to the tunnel, the USACE constructed and manages a 
sediment retention structure (SRS) on the North Fork Toutle River ap-
proximately 8 miles (13 km) downstream of Spirit Lake (see Figure 1.2 
for location). Levees near towns have also been modified in response to 
the increased risk of chronic flooding. The SRS traps sediment before it 
is transported to the Toutle and Cowlitz Rivers. It therefore limits the 
amount of dredging necessary to decrease the hazards associated with 
chronic annual flooding and to keep channels open on the lower Cowlitz 
River. Sediments trapped above the SRS have changed the upstream land-
scape, affecting the ecological, cultural, and economic health of the area. As 
presently configured, the SRS is reaching capacity and decisions must soon 
be made regarding the future management of the structure and the sedi-
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ments behind it. The decision framework presented in this report would 
allow determination of the objectives, alternatives, consequences, and 
trade-offs associated with the technical management of the river system 
as a whole. The framework also supports consideration of the regional eco-
nomic, cultural, and societal priorities as they relate to the various technical 
decisions. Sediment and water transport for the region to date has not been 
a coordinated effort among those with management responsibility in the 
region, and management decisions have not included much consideration 
of socioeconomic priorities of interested and affected parties. 

THE CHARGE TO THE COMMITTEE

Under the sponsorship of the USFS, the National Academies convened 
an ad hoc committee of experts to review existing information regarding 
the Spirit Lake and Toutle River system and to develop a framework for 
decision making related to management of water and sediment transport. 
The statement of task provided to the committee is found in Box 1.1. The 
committee was also asked to identify alternatives for future management 
and to describe gaps in information needed to inform those decisions. The 
committee explored the state of the technical knowledge, the concerns of 
interested and affected parties, and the roles and interests of the USFS, the 
USACE, the USGS, and other entities with responsibilities for managing 
water and related land resources in the Spirit Lake and Toutle River region. 
The report focuses on management in the context of the post-eruption 
conditions and possible future volcanic and other geologic activity. This 
report does not discuss issues associated with emergency management nor 
does it provide details of management alternatives already being considered 
(available in multiple reports issued by the USACE). Neither does this 
report recommend specific management actions. Instead, it identifies the 
types of information necessary to characterize the problems to be addressed, 
to formulate alternatives to address those problems, and to evaluate and 
compare those alternatives. The report also offers findings regarding or-
ganizational considerations that may factor into the use of the framework. 
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BOX 1.1
Statement of Task

An ad hoc committee of the National Academies of Sciences, Engineering, and 
Medicine will recommend a framework for technical decision making related to long-
term management of risks related to the Spirit Lake/Toutle River system in light of the 
different priorities of federal, tribal, state, relevant local authorities, and other entities. 
The framework will incorporate the best available science and engineering and take 
into consideration regional economic, cultural, and societal priorities. The framework 
will also take into account the respective roles of stakeholders regarding management 
of the Spirit Lake/Toutle River system. The multiple objectives of enhanced safety of 
the downstream communities and the protection of the local and regional ecology and 
economic activities will be integral to the framework. The history of characterization, 
monitoring, and management associated with the Spirit Lake debris blockage and 
tunnel, other efforts to control outflow of water and deposits from the 1980 debris 
avalanche, and the risk of failure of the debris blockage will inform committee findings 
and recommendations. 

The committee will:

• consider the adequacy of existing information and risk analyses for the area; 
• suggest additional information needed to support implementation of the 

decision framework; and 
• identify possible alternatives for long-term management of water levels and 

sediment transport in the Spirit Lake/Toutle River system.

The report will inform a quantitative examination of the viability of long-term manage-
ment options by the U.S. Forest Service.

The USFS intends to use the framework recommended by the National 
Academies to collaboratively examine the viability of various management 
alternatives and make informed decisions, first about management of water 
levels in Spirit Lake—which is within their jurisdiction—and then about 
the larger system.
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COMMITTEE MEMBERSHIP

Members of the ad hoc committee that conducted the study and prepared 
this report were nominated by their peers and selected by the National 
Academies based on their professional qualifications and lack of undo bias 
or conflict of interest. The committee includes researchers and practitioners 
with expertise in civil, geotechnical, hydraulic, tunnel, and earthquake engi-
neering; waterway infrastructure protection, hydrology, and water resource 
management; fluvial geomorphology, landscape ecology, and volcanology; 
and natural resource economics, decision analysis, and disaster resilience. 
Brief biographies of the committee members can be found in Appendix A. 

INSTITUTIONAL SETTING

The USFS has responsibility for management of lands and water within 
the footprint of the Gifford Pinchot National Forest and the Mount St. 
Helens National Volcanic Monument (the Monument). Mount St. Helens, 
Spirit Lake, and the Spirit Lake tunnel are located on USFS land. The 
broad language that created the Monument instructs the USFS as follows: 

The Secretary shall manage the Monument to protect the geologic, eco-
logic, and cultural resources, in accordance with the provisions of this 
Act allowing geologic forces and ecological succession to continue sub-
stantially unimpeded. (P.L. 97-243, Sec 4. (b)(1))1

A memorandum of understanding between the USFS and the USACE, 
however, makes the USACE responsible for annual inspections and routine 
operation and maintenance of the Spirit Lake tunnel, to be performed at 
the expense of the USFS. Repairs beyond the routine require the USFS to 
seek additional funding from Congress and for the work to be contracted 
to the USACE. 

The USFS has no authority over land use, flood and sediment control 
infrastructure investment or management, or fishery and other wildlife 

1 See http://uscode.house.gov/statutes/pl/97/243.pdf.
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management decisions outside of USFS lands; nor does it have control of 
the federal and state funding streams that support all of those. The USFS 
does recognize, however, that management decisions regarding any of these 
can have short- and long-term impacts on the whole region. Deci sions 
made about control of water levels at Spirit Lake, for example, can have 
consequences for sediment management downstream, while decisions made 
regarding management of the SRS can have implications on the ecology 
of the region up- and downstream. Any decision made in the region may 
impact the responsibilities and concerns of federal, state, and local agen-
cies; Native American Tribes; private-sector organizations; and individual 
citizens and citizen groups. The responsibilities, missions, and interests of 
those groups sometimes overlap and even conflict. No single entity exists 
to coordinate their activities. Chapter 3 provides more information about 
the institutional setting of the region and how that setting affects land 
management.

NATURAL HAZARDS AFFECTING 
REGIONAL MANAGEMENT

The Toutle and Cowlitz River basins are similar to other coastal drainages 
in the Pacific Northwest. They contain bucolic forests and wildlife and a 
community that, through the years, has made its livelihood from natu-
ral resources and recreation. Further downstream the drainages enter the 
 urbanized communities of Kelso and Longview that depend on the Toutle 
and Cowlitz Rivers for navigation, manufacturing, and other economic 
activities. These river basins are dominated by the volcanic landscape and 
activity of Mount St. Helens, however, and also are subject to other natural 
hazards (e.g., seismic, meteoric, landslide, consequences of fire). 

Indigenous peoples have occupied the region around Mount St.  Helens 
for 6,000 years and consider eruption as the mountain’s natural state.  Stories 
of the Cowlitz Indian Tribe are deeply entwined with the landscape. Tribal 
elders advise people to adopt a philosophy of “living with the mountain” 
(personal communication with the committee, N. Reynolds, August 1, 
2016). Management of the region needs to be mindful of the reality that 
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Mount St. Helens continues to be active, and volcanic events can be ex-
pected to change the landscape. The 1980 eruption of Mount St. Helens 
resulted in a reshaped landscape, a new regional hydrology, and new haz-
ards for the region’s populations, the risks associated with which can never 
be completely eliminated. These are now the “new normal” to which the 
population needs to adjust. Future events may include another catastrophic 
eruption of the magnitude of the 1980 event, although the probability of 
such an event in the near future is less likely than that of lahars and smaller 
eruptions. No level of mitigation or repair can ever result in the elimination 
of all natural hazard risk. Zero risk is not an option unless residents choose 
to move elsewhere (and face the risks of living in that location).

The region also is commonly subject, in both human and geologic 
timescales, to seismic events associated with regional fault zones. Shaking 
from seismic activity could result in, for example, lahars and mudflows that 
might increase the sediment loads in the river basins or affect the stability 
of the debris blockage. The region is subject to annual rainfall typical of 
the Pacific Northwest, and meteorological events called atmospheric rivers 
(known colloquially as the “Pineapple Express”) or rain-on-snow events 
may have major impacts on flooding and sediment transport on the Toutle 
and Cowlitz Rivers. Chapter 4 describes natural hazards of the region. 

A catastrophic threat other than another large-scale eruption of Mount 
St. Helens hangs over the Toutle and Cowlitz River basins in the form of 
a major earthquake on the Cascadia Subduction Zone (i.e., of magnitude 
[M] greater than 9.0). A mega earthquake on the subduction zone would 
likely be a disaster, with local consequences of similar magnitude to or 
greater than the 1980 eruption of Mount St. Helens depending on where 
the earthquake originates. The specific consequences of a mega earthquake 
on the Spirit Lake and Toutle River region have not been quantified by 
investigators.

THE CURRENT DECISION LANDSCAPE

Immediately following the eruption, two principal considerations influ-
enced management decisions: the costs of possible management actions 
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and their impacts on the safety of downstream communities (USACE, 
1984a). The tunnel, the SRS, community and federal flood risk man-
agement programs (e.g., land use controls, levees, flood insurance), and 
 USACE dredging contracts are measures put in place to manage cata-
strophic and chronic flood hazards. Many of the original decisions around 
these measures, however, were made under emergency conditions and were 
based on limited physical characterization of the region. These measures 
have been generally adequate in temporarily managing routine flooding 
and sediment transport given the stresses experienced since the last major 
eruption, but the measures have also had ecological and socioeconomic 
consequences. Management decisions resulted in hindering sediment in a 
mid-reach of the river system (i.e., behind the SRS) in a nonequilibrium 
position, forestalling the river reaching a natural equilibrium, changing the 
landscape even further, and potentially creating a different set of anthropo-
genic risks that need to be assessed and monitored. Moreover, management 
of the different elements of the Spirit Lake and Toutle River system have 
not been adaptable or flexible to changing conditions, nor has it encouraged 
monitoring those conditions to deepen an understanding of how the system 
might be better managed in the long term. 

Input from interested and affected parties other than those with  direct 
management authority has not been incorporated into many of the man-
agement decisions made in the region. As a result, there is expressed dis-
satisfaction with and lack of trust in the management of the various control 
elements. For instance, interested and affected parties in the region have 
called for river restoration measures that would enhance recreational bene-
fits and restore natural fish runs and wildlife habitat and populations. Con-
cerns have also been raised about social and economic disruption resulting 
from increases in routine flooding along the Toutle and Cowlitz Rivers; 
the environmental and cultural effects of the sediments captured behind 
the SRS; flooding caused by continued channel infilling; and potential 
volcanic or seismic activity that may destabilize large quantities of water 
and sediment behind the SRS.

The USACE anticipates that further major repairs of the tunnel will 
be necessary (Britton et al., 2016a). The need for a long-term strategy to 
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manage water levels at Spirit Lake prompted the USFS to request this 
National Academies report. The immediate decision to be made is whether 
to continue to repair the current tunnel to keep it operational or to abandon 
the current tunnel and replace it with a different engineering measure to 
control Spirit Lake water levels. A different measure might be one that 
was previously identified (see USACE, 1984a) or it might be some other 
as-yet unidentified measure. There is opportunity now to better constrain 
uncertainties associated with various management alternatives. These 
management alternatives could be studied in ways that allow for a better 
understanding of the relatonships between objectives and alternatives—
for example, through use of an objectives hierarchy (Keeney, 1996; see 
also the section on objective hierarchies in Chapter 7). This results from 
more adequate characterization and modeling using improved tools and 
methods and informed by advances in science. The consequences of those 
alternatives may also be better anticipated and compared with a complete 
range of management objectives, including those of regional stakeholders. 
More informed decisions may be reached that will better serve the region.

DEFINING TERMS IN THE STATEMENT OF TASK

Several terms in the committee’s statement of task (see Box 1.1) may be 
 defined differently by interested and affected parties given their various per-
spectives. The terms “framework for technical decision making,” “region,” 
“system,” “stakeholder,” and “long-term” are defined in the next sections as 
they are used in this report. The exercise of defining these terms helped the 
committee bound its task and facilitated committee deliberations.

Framework for Technical Decision Making

In this report, a technical decision is that which requires the expertise 
of trained individuals to analyze available data and inform appropriate 
management. The expertise may be related, for example, to engineering 
issues; to the physical, biological, or ecological sciences; to the social sci-
ences (e.g., economic, sociological); or to some combination of these. A 
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decision framework is a procedural tool to guide users through a decision 
process. It supports a future-oriented strategy that leads decision makers 
through assessment of decision objectives, alternatives and their respective 
consequences, and, ultimately, to a management decision that is mutually 
supportable by all involved by the decision process. A decision framework 
helps decision makers define what is to be decided and the processes for 
getting to decisions. This includes processes for determining who is to 
be involved and how as well as for gathering input to identify and com-
pare decision objectives and alternatives in light of available information, 
constraints, and uncertainties. A decision framework guides how input 
can be used to create and eliminate alternatives in the search for a set of 
mutually acceptable solutions. The process should help participants reach 
and justify decisions and clarify the bases of any disagreements to inform 
future decisions. 

The decision framework described in Chapters 6 through 8 is par-
ticipatory in nature so that stakeholder priorities will both inform and be 
informed by the different analytical processes and information gathering. 
The framework is applicable to any technical management decision made 
for the region under any specific agency’s jurisdiction. The intent of the 
committee, however, is that the framework be used to coordinate manage-
ment for the region as a whole. 

The “System” and “Region” Under Consideration

A system is a set of interacting or interdependent processes or elements. 
A region is the geographic area in which the elements of the system are 
located. There are numerous agencies in the region with often overlapping 
or conflicting authorities. Their respective missions can be relatively limited 
in scope, resulting in the ad hoc management of infrastructural elements 
at Spirit Lake, the North Fork Toutle and Toutle Rivers, and downstream 
into the Cowlitz River. As already stated, however, few if any elements of 
the system are truly independent of other elements. The effects of manage-
ment decisions on one element of the system need to be considered in light 
of the consequences of those decisions on the system as a whole. Ideally, 
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management for all elements of the system will be simultaneous and made 
with the understanding that sediment transport in the Toutle River will be 
continuous for the foreseeable future. 

For the purpose of discussion around developing a decision framework, 
the committee defined the system as the drainage of Spirit Lake to the 
Toutle River and to the Toutle River’s confluence with the Cowlitz River. 
The committee considers the effects of these water bodies to the extent 
that they derive from or are otherwise related to the drainage of Spirit Lake 
and the management of sediment transport within the drainage. During 
future decision making, the system may need to be defined more broadly or 
narrowly depending on the impacts of concern. With respect to fish migra-
tion, for instance, the planning area could extend to the Columbia River or 
beyond. With respect to flood risk reduction, the planning area may need 
to extend to the confluence of the Cowlitz and Columbia Rivers. With 
respect to sediment control, the planning area might be limited mostly 
to the North Fork Toutle River, or it may need to include the South Fork 
Toutle River and other tributaries. The extent of the system and region for 
any set of management decisions depends on the consequences of concern 
and varies depending on the decisions to be made.

Stakeholders (Interested and Affected Parties)

A stakeholder is typically defined as a person with a particular interest 
in some decision. In this report, the committee assumes a broader view 
of those who have an interest in a decision. Traditionally, stakeholders of 
decisions made about managing water levels in Spirit Lake would include 
those  people in harm’s way, including those whose homes, businesses, or 
livelihoods might be destroyed or damaged by a catastrophic flood. This 
report also includes as stakeholders those whose culture or quality of life are 
affected directly or indirectly. Importantly, stakeholders are those indi viduals 
and entities responsible for management of the region; federal, state, and 
local agencies, then, are considered to be among the region’s stakeholders. 

To distinguish the committee’s broader usage from the more traditional 
definition, the committee adopts the term “interested and affected parties” 
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in this report. Such parties include federal, tribal, state, and local entities 
with responsibilities in the region, land and business owners, nongovern-
mental organizations (e.g., environmental or recreational organizations), 
residents, and any individual or group with interests about public safety and 
health, emergency management, wildlife recovery and ecological health, 
economic development (e.g., forestry, those dependent on navigable chan-
nels, ecotourism), cultural preservation, recreation opportunities, and any 
number of other issues.

The committee attempted to hear from a wide array of interested and 
affected parties to determine the range of concerns and how they might 
affect the choice of a decision framework. The groups with whom the 
committee attempted to communicate during the conduct of this study are 
listed in Table 1.1. The table does not represent a complete list or scientific 
sampling of interested and affected parties, but rather lists groups that were 
readily identified by the committee. Invitations were extended to represen-
tatives of all these groups to participate in the committee’s meetings and 
provide input into the committee process.

Chapter 3 includes more discussion about interested and affected par-
ties. Many of these groups sent representatives to the committee’s open 
session meetings or provided written input. A number of independent 
citizens also participated in discussions. Chapter 6 describes how interested 
and affected parties are identified and how interactions with them can be 
organized to be most useful. 

Long-Term Management

The committee was tasked with developing a framework suitable for deci-
sions made for “long-term management.” When asked, however, the USFS 
could not quantify “long term.” Formulating, evaluating, and comparing 
possible alternatives to address problems requires the selection of an ap-
propriate planning period. A common choice among engineers is 50 years, 
reflecting the economic life of many kinds of investments and the ability 
to predict with any certainty ecological and socioeconomic conditions in 
the planning area (if that effort is made). In the case of long-lived infra-
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TABLE 1.1 Interested and Affected Organizations Contacted During the Study

Type of Organization Organization Name

Federal Agencies U.S. Army Corps of Engineers; U.S. Forest Service; U.S. 
Geological Survey 

Tribal Agencies Cowlitz Indian Tribe; Yakama Nation

State Agencies Washington Department of Archeology and Historical 
Preservation; Washington Department of Ecology; 
Washington Department of Fish and Wildlife; 
Washington Department of Natural Resources; 
Washington Department of Transportation; Washington 
State Governor’s Office for Regulatory Innovation and 
Assistance; Washington State Parks and Recreation 
Commission

Local Agencies Cowlitz County (Board of Commissioners, Emergency 
Management, Tourism); Port of Longview

Nongovernmental 
Organizations

Audubon Society (Washington and Willapa 
Hills); Cascade Forest Conservancy (formerly the 
Gifford Pinchot Task Force); Conservation Alliance; 
Conservation Northwest; Cowlitz Game and Anglers; 
Mount St. Helens Institute; Sierra Club; Toutle Valley 
Community Association; Washington Environmental 
Council; Washington Trails Association

Private Sector Axiall Corporation; BNSF Railway; Castle Rock 
Chamber of Commerce; Chilton Logging; Cowlitz 
County Tourism; Drew’s Grocery; Ecopark Resort; 
Kapstone Paper; Kelso-Longview Chamber of 
Commerce; Washington Forest Product Association; 
Weyerhaeuser Company
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structure, a longer period (e.g., 100 years or longer) might be selected, 
although projections of relevant variables become increasingly uncertain 
for longer periods. On the other hand, the likelihood of various disruptive 
events (earthquakes, volcanic eruptions) within the planning period suggest 
a shorter period (e.g., 25 years).

The committee asked individuals who attended the committee’s open 
session meetings what they interpreted “long-term management” to mean. 
Representatives of the Cowlitz Indian Tribe often consider the manage-
ment time frames imposed on natural systems by non–Native  Americans 
as unrealistically short. Management time frames, according to the Cowlitz 
Indian Tribe ecologist Nathan Reynolds, should be informed by the 
amount of time human beings can assist nature to restore itself and flush 
sediments through the system—perhaps 175 years (personal communica-
tion to the committee, August 1, 2016). Steve Ogden, a forester for the 
Washington Department of Natural Resources (WADNR), thinks about 
planning horizons in terms of the amount of time for a forest to regener-
ate—approximately 50 to 100 years. He also suggests that management 
factor intergenerational equity into decisions, reflecting on how decisions 
today will affect our children and grandchildren (personal communica-
tion to the committee, August 1, 2016). Dave Howe of the Washington 
Depart ment of Fish and Wildlife (WDFW) described the need for mak-
ing planning horizons long enough to accommodate the reestablishment 
of dynamic riparian landscapes, but he also mentioned his concern about 
overengineering infrastructure that will subsequently be destroyed in a 
catastrophic event (personal communication to the committee, August 1, 
2016). Planning horizons need to be chosen with both the understanding 
that longer time frames increase the likelihood of destructive events (and 
thus the loss of capital investment) occurring within the planning period 
and the understanding that longer time frames are necessary for ecosystem 
regeneration. Many of the interested and affected parties who provided 
input to the committee expressed concern over what they perceived to 
be the overly short management time frames for structures like the SRS 
(discussed further in Chapters 5 and 6).
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 Rather than provide a definition of long term, this report lays out 
how those participating in the decision process could choose an appropri-
ate time horizon based on the priorities and objectives of interested and 
affected parties participating in the decision process. Chapter 6 includes 
further discussion of considerations for choosing a planning horizon.

COMMITTEE APPROACH TO ITS TASK

There are two distinct but related components of the committee’s task. 
One is related to the technical aspects of the problems at hand. Geologic, 
hydrologic, ecological, and meteorological processes, in conjunction with 
the engineering infrastructure in place, control the flow of water and sedi-
ment in the river system. These engineering projects are expected to reduce 
the risk of property damage and loss of life from flooding and mudflows in 
the short term. The physical processes and the structures interact in ways 
not completely understood, and the return of vegetation and wildlife to 
the plains of debris avalanche deposits are being studied for the first time 
in modern history.

The second component of the task includes sociopolitical consider-
ations. A large number of interested and affected individuals and groups 
at local, state, regional, and national levels of society—influenced by the 
wide array of safety, economic, environmental, and cultural priorities held 
by those groups—make decisions about the physical system more complex. 
Conflicting goals of those charged with management of different parts of 
the physical and social landscapes are not often addressed. The framework 
for decision making recommended by the committee assumes active col-
laboration and engagement among interested and affected parties so that 
both physical and sociopolitical considerations can be addressed fairly.

During the conduct of its study, the committee found either that few 
new data have been collected and analyzed since initial hazard charac-
terization efforts immediately following the 1980 eruption, or that such 
data and analyses could not be provided to the committee. There are mul-
tiple reasons for the latter: in some cases, a loss of institutional memory 
associated with turnover in agency leadership means that knowledge of 
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the characterization efforts has been lost; in other cases, information was 
withheld from the committee to avoid the need for public disclosure.2 The 
committee complied with its task by reviewing available information and 
identifying the types of information and analyses necessary to quantify the 
viability of the various management options. It will be up to the decision 
makers to obtain either existing or new information for their own analyses. 

Information Gathering

The conclusions and recommendations in this report are based on the 
assess ment of publicly available information and data. The USFS, in col-
laboration with the USACE and the USGS, provided a compendium of 
characterization and management data related to the Spirit Lake and 
Toutle River system. All three agencies provided information upon request 
during conduct of the study. An important work by USFS and USGS re-
searchers was published late during the conduct of this National Academies 
study (Grant et al., 2016a). That work provides an excellent description 
of the physical context associated with decisions related to management of 
Spirit Lake water levels. The present report includes frequent references to 
discussions provided by Grant and others (2016a).

Any presentations or discussions with the committee by agencies or 
members of the public occurred during open sessions of committee meet-
ings. Members of the public were welcomed and could participate either 
in person or remotely. Meetings were announced widely and in advance 
through communications mechanisms of both the National Academies 
and the USFS. Members of the public were also invited to provide input 
to the committee via links through websites established for that purpose. 
The committee held three meetings that included information gathering 
sessions. These were held in Kelso, Washington, a major population center 

2 The National Academies of Sciences, Engineering, and Medicine comply with the Federal 
Advisory Committee Act (P.L. 92-463) which requires that all information provided to the com-
mittee during the conduct of a study be made available to the public. The public can request any 
of this information through the National Academies’ Public Access Records Office: http://www8. 
nationalacademies.org/cp/ManageRequest.aspx?key=49785. 
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in the region affected by conditions and sediments in the Toutle River. 
Agendas for all open session meetings are provided in Appendix B, which 
also include the names of individuals who were explicitly invited to make 
presentations or participate in panel discussions. 

The first meeting, held June 21-23, 2016, focused on the state of sci-
entific and technical knowledge about Mount St. Helens, Spirit Lake and 
its outflow tunnel, and the SRS. Presentations were made by scientists, 
engineers, and managers from the USGS, the USACE, and the USFS, 
with substantial time dedicated to questions from and discussions with the 
public. The meeting was organized to orient the committee to its task. One 
day of the meeting included visits to points of interest in the Toutle River 
valley and the Monument, including the Johnston Ridge Observatory, the 
Spirit Lake tunnel outlet, the SRS, and one of the levees that was improved 
following the eruption. Scientific and technical experts from the USFS, 
the USACE, the USGS, and Centralia College in Chehalis, Washington, 
guided the visits. Members of the public were invited to register to partic-
ipate in the site visits on a limited basis.3 

The committee’s second meeting, held August 1-3, 2016, focused 
largely on obtaining input from nonfederal interested and affected parties. 
Panels were organized representing (1) local and regional interests, includ-
ing the Cowlitz County Board of Commissioners, the Port of Longview, 
the Cowlitz County Department of Emergency Management, and  local 
business interests; (2) nonprofit organizations, including the Cowlitz Game 
and Anglers Club, the Mount St. Helens Institute, and the Toutle Valley 
Community Association; and (3) state and tribal natural resource man-
agement agencies, including the Natural Resources Department of the 
Cowlitz Indian Tribe, the WDFW, and the WADNR. A study committee 
member moderated each of the panel discussions. Panelists were provided 
with sets of questions in advance of the meeting and asked to respond 
verbally and in turn to those questions during the meeting. The questions 
were intended to identify panelist perceptions and major concerns regard-
ing management of Spirit Lake and Toutle River issues. There was ample 

3 Public participation in the site visits was limited for logistical and safety reasons.
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opportunity for discussion between panelists and committee members as 
well as with observers of the proceedings. Additional panel discussions 
were organized with sets of USACE experts to discuss lessons learned 
from a recent interagency potential failure modes analysis of the Spirit 
Lake blockage and long-term sediment management in the region. To 
allow broader participation by the public, a town hall–style meeting was 
held in the evening. 

The third meeting, held October 31, 2016, included a presentation 
and discussion with USFS and USGS experts regarding the recently pub-
lished report on the geologic, geomorphologic, and hydrological concepts 
that underlie currently considered options for management of Spirit Lake 
water levels (Grant et al., 2016a). The committee organized another panel 
discussion with USACE technical staff to hear their response to the report 
by Grant and colleagues (2016a). 

In addition to this input received from the agencies, experts, and other 
interested and affected parties, the committee relied on published literature 
and their own expertise and experience to inform their findings and support 
the conclusions and recommendations in this report.

REPORT ORGANIZATION

This report provides a technical foundation and organization process for 
decision making that draws on lessons from risk management decision 
processes established elsewhere. It is assumed that decisions made using the 
framework will be grounded in reliable data; that those data will be used in 
analytically rigorous models of the larger system and system interconnec-
tions; that the concerns of the multiple interested and affected parties will 
be recognized; and that preferred actions will be selected in consideration 
of the sources and levels of available funding. To that end, the report is 
organized to first provide a general overview of the physical setting, infra-
structure, and implications for assessing risk and long-term management 
(Chapter 2); the institutional setting of the region, including the land 
owner ship and management setting and other interested and affected par-
ties (Chapter 3); the natural hazards in the region and the adequacy of risk 
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analyses conducted to date (Chapter 4); and the engineering landscape, 
including descriptions of risks associated with engineered controls and 
structural alternatives for engineering management (Chapter 5). There-
after, the report provides a detailed discussion of the recommended deci-
sion framework (Chapters 6-8) and a summary of next steps that could be 
taken by those with management authority in the region to implement the 
recommendations found within this report (Chapter 9). Whereas Chap-
ters 6-8 satisfy the requirement in the statement of task to recommend a 
decision framework, the committee identifies good practices throughout 
the report. The syntheses of the key requirements for implementing the 
decision framework are labeled explicitly as “recommendations” and are 
found in bold typeface in Chapters 3 through 6 and have also been com-
piled in the report summary. These tend to be general in nature, but they 
do not reflect common management practices in the region. 
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Regional Setting

The regional conditions that contribute to risk must be taken into account 
in decisions regarding long-term management of the Spirit Lake and Toutle 
River system. This chapter discusses various aspects of the regional setting 
that provide the context for decision making: the physical geography of the 
region; the geologic setting; the groundwater hydrology; the ecological set-
ting; the socio-demographic and economic setting; and other important fea-
tures within the region, including the debris blockage and built- environment 
elements such as the drainage tunnel from Spirit Lake, the sediment re-
tention structure (SRS), and levees. This chapter provides only a general 
overview of the technical information available regarding the region that 
informed the committee’s deliberation of its statement of task (see Box 1.1). 
More information is available in materials published by the U.S. Army Corps 
of Engineers (USACE), the U.S. Geological Survey (USGS), and the U.S. 
Forest Service (USFS). Greater detail regarding the institutional setting is 
provided in Chapter 3, and details about hazards and engineering controls to 
minimize risk is provided in Chapters 4 and 5. Alternatives for controlling 
water levels in Spirit Lake are also discussed in Chapter 5. A major point 
emphasized in the concluding section of this chapter is that regional char-
acteristics must not be considered in isolation but instead must be analyzed 
as interrelated elements within a broader system. 

PHYSICAL GEOGRAPHY

Mount St. Helens is located in southwestern Washington, roughly 50 miles 
(80 km) northeast of Portland, Oregon, and 100 miles (160 km) south of 
Seattle, Washington. The region that includes Mount St. Helens and the 
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Toutle River drainage is a volcanic and glaciated terrain that drains into 
a small number of high-elevation lakes, including Spirit Lake, Coldwater 
Lake, and Castle Lake, and then into the north and south forks of the 
Toutle River. Downstream sediment movement through the North Fork 
Toutle River drainage is affected by the SRS, which was constructed by the 
USACE in 1989 to limit downstream sediment deposition in areas where it 
had the potential to increase flood risk and affect shipping. From the SRS, 
water and untrapped sentiments are transported into the main channel of 
the Toutle (approximately 33 miles [53 km] downstream of Spirit Lake), 
then on to the Cowlitz River (another 15 miles [24 km]), and eventually 
into the Columbia River downstream of Portland (roughly an additional 
20 miles [32 km]).

The lateral blast of the 1980 eruption of Mount St. Helens scorched 
230 square miles (600 km2) of forest, predominantly to the north of the 
mountain (see Figure 2.1), and it greatly affected forests, fish and wildlife, 

FIGURE 2.1 Areas impacted by the 1980 eruption of Mount St. Helens. SOURCE: 
USGS. See https://pubs.usgs.gov/gip/msh/mudflows.html.
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and waters in the blast vicinity. In 1982 the U.S. government created the 
Mount St. Helens National Volcanic Monument (the Monument), which 
included much of this devastated land, for purposes of research, recreation, 
and education (see Figure 2.2). Within the Monument, which is a part of 

FIGURE 2.2 Boundary of the Mount St. Helens National Volcanic Monument (white) 
within the Gifford Pinchot National Forest (green). SOURCE: Google Earth.
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Gifford Pinchot National Forest and is managed by the USFS, the natural 
setting of the mountain and its surrounding lands is left free to respond in 
its own way to the historic disturbance. More detail about management of 
the Monument is provided in Chapter 3.

Streams that originate on Mount St. Helens are fed by rain and snow-
melt and enter three main river systems: the Toutle River to the north and 
northwest, the Kalama River to the west, and the Lewis River to the south 
and east. The Monument itself contains Spirit, Coldwater, and Castle Lakes, 
as well as the headwaters of the North Fork and South Fork Toutle Rivers. 
It does not include the lower reaches of the North Fork Toutle River, within 
which the SRS was constructed. Because the current outflow pathway for 
Spirit Lake is through the North Fork Toutle River system (which was the 
river most heavily impacted by the eruption), discussions in this report will 
emphasize that drainage system, but there are management issues related to 
the decision framework that may involve other river systems in the region. 

Spirit Lake

Spirit Lake is an intermittent (from a geologic perspective) subalpine lake 
that currently contains approximately 275,000 acre-feet (339 million m3) 
of water. Before the 1980 eruption, the lake had a surface area of 1.9 square 
miles (5 km2) and a surface elevation of 3,140 feet (975 m) (Meyer and 
Carpenter, 1983). It was connected to the North Fork Toutle River through 
a natural outlet stabilized by gravel and boulders, which allowed outflow 
from the lake to rise and fall within a narrow range in response to seasonal 
rainfall and snowmelt runoff. The debris avalanche associated with the col-
lapse of the volcanic edifice during the 1980 eruption partly flowed into the 
lake, and thick avalanche deposits buried the original lake outlet. No rivers 
flow into the lake, which is fed solely by rainfall and snowmelt. A fraction 
of water stored in the lake is now released into South Coldwater Creek 
via the Spirit Lake tunnel (see Figure 1.3 for location of the tunnel). The 
surface elevation of Spirit Lake now fluctuates seasonally between approx-
imately 3,438 and 3,449 feet (1,048-1,051 m), with a gradual rise in the 
past decade. Storage as a function of lake elevation is shown in Table 2.1.
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The northward-directed blast and debris avalanche from the 1980 
eruption temporarily displaced all the preexisting Spirit Lake from its bed 
(see Figure 2.3). The debris avalanche deposited roughly 350,000 acre-feet 
(432 million m3) of debris into Spirit Lake, raising the surface elevation of 
the lake by about 200 feet (61 m). As a result, the bottom of the lake was 
filled with avalanche deposits and therefore elevated approximately 400 feet 
(122 m) above that of the lake prior to the eruption. The bottom elevation 
of the new Spirit Lake is well above the contact of the debris deposit and 

TABLE 2.1 Spirit Lake Stage-Storage Relationship 

Elevation (ft., NGVD29) Storage (ac-ft.)a Storage (ac-ft.)b

3,437.1 205,500

Values from the 1984 
Design Memorandum were 
used for these values.

3,438.2 208,300
3,440.0 213,000
3,441.1 215,900
3,442.6 219,920
3,443.1 221,180
3,444.1 223,700
3,445.0 226,000
3,446.3 229,470
3,448.8 235,900
3,450.0 239,300c 238,840
3,451.8 244,400 243,627c

3,454.8 252,900 251,606c

3,455.1 253,481c 252,138
3,460.0 268,000 265,782
3,470.0 297,100 294,016

aThese values are from the 1984 Design Memorandum.
bThese values were updated using 2009 LIDAR (Light Detection and Ranging) data. The 
full elevation storage curve was not updated, just values above 3,445.
cThese values were estimated using linear interpolation with immediate elevation-stor-
age information.
NOTE: All information appears exactly as provided by the USACE.
SOURCE: USACE, 2016a. 
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competent bedrock. The lake is assumed to be capable of breaching that 
blockage at elevation 3,475 feet (1,059 m), which is the interface between 
the pyroclastic flow and the finer, more erodible ash above (described later 
in this chapter). 

The North Fork Toutle River to the Sediment Retention Structure 

Prior to the 1980 eruption of Mount St. Helens, the North Fork Toutle 
River originated at Spirit Lake, where the debris blockage currently exists. 
Discharge from Spirit Lake now reaches the North Fork Toutle River via 
the Spirit Lake tunnel and South Coldwater Creek (see Figures 1.2 and 1.3 
for locations). Eventually those waters reach the SRS and the Toutle River 
(see Figure 1.2). USGS National Water Information System data1 indicate 
that lake outflow supplies 300-400 cubic feet per second to the North Fork 

1 These data are available at https://maps.waterdata.usgs.gov/mapper/index.html. 

FIGURE 2.3 Aerial photo, taken the day after the 1980 eruption, showing the slopes 
around Spirit Lake, previously densely forested, blanketed by sediments. SOURCE: 
NASA. See http://svs.gsfc.nasa.gov/cgi-bin/details.cgi?aid=10934.
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Toutle River (depending on the condition of the outlet tunnel), which is 
approximately one-third of the average river flow at the SRS but only 3-4% 
of the mean annual flood at that location. Because it emanates from Spirit 
Lake and traverses Coldwater Lake on its way to the Toutle River, the lake 
outflow contributes no sediment until it flows across the sediment plain 
behind the SRS, picking up small amounts of sediment, approximately 
in proportion to its flow contribution. The rest of the upper Toutle River 
valley, outside of the Spirit Lake basin, is the source of approximately half 
of the mean annual flood discharge and of all the sediment arriving at the 
SRS and being transported to the lower Cowlitz River.

The Toutle and Cowlitz Rivers Downstream of the SRS

The north and south forks of the Toutle River converge approximately 
13 miles (21 km) downstream of the SRS to become the upper Toutle 
River. Much of the coarser, sand-sized particles in the deposits are captured 
at the SRS, but when sediments reached high enough levels at the SRS 
and converted to run-of-river functioning in 1999 (before the spillway was 
raised by the USACE), more of this coarse fraction passed downstream into 
the Toutle River (USACE, 2011). The Toutle continues to flow westerly 
approximately 17 miles (27 km) until its confluence with the Cowlitz River, 
near the town of Castle Rock. From there, water flows to the Columbia 
River at Longview and Kelso. Flood levees have been constructed along 
these reaches to reduce flood risk to the communities of Kid Valley, Castle 
Rock, Lexington, Kelso, and Longview and the unincorporated communi-
ties between them. Sediments transported downriver and deposited along 
these lower reaches decrease the discharge capacity of the lower reaches, 
making the flood levee system less effective and requiring levee strengthen-
ing and river dredging. Sediment deposition also interferes with navigation 
on the lower Cowlitz River, similarly requiring channel dredging.
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The Columbia River

The Cowlitz River flows into the Columbia River at near Kelso and 
Longview, approximately 65 miles (105 km) upstream of the Pacific Ocean. 
The Columbia River is navigable by means of a deepwater channel to 
 Portland. Following the 1980 eruption of Mount St. Helens, a sufficient 
volume of sediment was deposited in the Columbia at Longview to pro-
hibit oceangoing vessels from transiting. This impediment was remediated 
by dredging the Columbia River channel; but, in principle, a similar block-
age could occur again following another major eruption given the infilling 
of the Mount St. Helens crater with successive dome building events (see 
Chapter 4). Without such an eruption, the existence of the SRS upstream 
makes another major blockage of the Columbia channel unlikely.

GEOLOGIC SETTING

The Spirit Lake and Toutle River region is in an active geologic setting. 
Understanding its geology and associated hazards is important to under-
standing the risks associated with management decisions for the region. 
Mount St. Helens is part of the Cascades volcanic chain that also includes 
Mount Rainier and Mount Adams in Washington and Mount Hood in 
Oregon. This chain formed as a result of subduction of oceanic crust (the 
Juan de Fuca Plate) beneath the northwestern coast of North America (see 
Figure 2.4). The bedrock of the Spirit Lake area chiefly comprises geolog-
ically young but competent volcanic rocks, consisting mostly of andesite, 
basalt, flow breccias, and tuffs. Overlying these are gravelly well-drained 
river bottom soils in the main drainage channels and thin soil cover on the 
hillsides (USACE, 1984a). Subduction processes result in not only volcanic 
hazards but also those associated with earthquakes.

Regional Volcanism and Hazards

As the subducted oceanic crust, or slab, descends into the mantle beneath 
the North American Plate, it is heated and subjected to increasing pres-
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sure and eventually releases fluids (mainly water). These fluids interact 
with the overlying mantle, the melting temperature of the slab is reduced, 
and the slab melts and generates magmas. The magmas ascend toward 
the surface, with temporary ponding at different depths such as near the 
base of the continental crust (about 25 miles [40 km]) and at mid-crustal 
levels. Types of magma are produced (i.e., calc-alkaline mainly of andesitic 
to dacitic compositions) with two characteristics that influence the type of 
their eruptions: they are resistant to flow (i.e., have high viscosities) and 
contain a large percentage of dissolved water. 

FIGURE 2.4 Block diagram showing sources of seismicity in the region. The Juan de 
Fuca Plate is shown being subducted under the North American Plate. SOURCE: Washing-
ton Geological Survey. See http://www.dnr.wa.gov/programs-and-services/geology/
geologic-hazards/earthquakes-and-faults#active-faults-and-future-earthquakes.
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The high-viscosity magmas can well up and out of the ground in a 
relatively quiet manner—referred to as “effusive”—and form dome-like 
structures above the volcanic vent (rather than the “rivers” of lava that occur 
in lower-viscosity basaltic volcanoes). One of the domes now visible in the 
crater of Mount St. Helens is the result of an effusive episode in 2004-
2008. The large fraction (several percent by weight) of dissolved water in 
these magmas at depth, however, can also drive highly explosive eruptions. 
As magma rises and decompresses, water comes out of solution and forms 
bubbles that are prevented, as a result of the high viscosity, from expanding 
and coalescing. If the vapor cannot escape the magma (such as by leaking 
out the sides of the volcanic vent), a large number of small pressurized 
bubbles are contained within the magma as it nears the surface. Eventu-
ally this mixture blows apart, the gas expands and accelerates rapidly, and 
the fragments of magma that originally enclosed the bubbles are carried 
upward with that expanding gas, which jets into the atmosphere and feeds 
high-standing plumes and ground-hugging pyroclastic flows. This is the 
type of explosive eruption that occurred on May 18, 1980.

The combination of effusive and explosive activity contributes to the 
construction of composite volcanoes (also called stratovolcanoes) that 
typify the Cascade chain, specifically Mount St. Helens. These volcanoes 
are essentially piles of steep-sided lava domes and flows and loose debris 
deposited during explosive pyroclastic activity. The combination of con-
trasting materials, abundant loose debris, and steep slopes contributes to 
additional hazardous processes. The volcanoes themselves are very un-
stable; large sectors may collapse and spread over surrounding valleys as 
debris avalanches—mixtures of loose clastic debris and intact blocks of 
volcanic rock. This is often facilitated by intrusion of new magma into 
the volcano at the beginning of an eruptive episode. The magma inflates 
the volcano, steepening its slopes so that they are more prone to failure. 
In such cases, the ensuing debris avalanche might be accompanied by a 
lateral blast as the pressurized magma body explosively decompresses; the 
opening phase of the May 18, 1980, activity at Mount St. Helens is a classic 
example of this process (Lipman and Mullineaux, 1981). Debris avalanches 
can occur without any accompanying eruption, however. 
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Another hazard is a type of mudflow, referred to as lahar, in which 
slurries of rocks, ash, and water descend from the volcano into surrounding 
drainages. There are several causes of lahars: lava may melt snow during 
an eruption or flow from open vents and mix with wet soil and mud on 
the slope of the volcano; a flood may be caused by a lake breakout; heavy 
rainfall may occur on unconsolidated pyroclastic deposits; or there may be 
volcanic landslides. The lahars can grow as they flow and pick up more 
debris, extending tens of kilometers or more downstream and inundating 
rivers and valleys. 

Ancient Lahars

Geologic evidence interpreted from the extent, height, and sedimentolog-
ical characteristics of deposits along the Toutle River and its confluence 
with the Cowlitz River indicates that catastrophic breakouts of a lake in 
the general vicinity of Spirit Lake have occurred repeatedly during past 
eruptions (Scott, 1988a,b). The importance of this information for today is 
that the magnitude of catastrophic flooding predicted by post-1980 anal-
yses (Swift and Kresch, 1983; Kresch, 1992) is consistent with events that 
happened in the geologic past and thus are plausible. 

There is evidence of four lahars having been deposited during the 
eruptive period circa 2,500 and 3,200 years before present. In each of 
these events, a large flood of sediment-laden water surged down the North 
Fork Toutle River, entraining sediment and increasing in volume for up to 
12 miles (20 km) before evolving into a lahar several times more volumi-
nous than the original lake volume. The largest of these lahars  deposited 
35.3 billion cubic feet (1 billion m3) of sediment—10 times the volume 
of the largest lahar generated in the 1980 eruption—from the North 
Fork Toutle Valley. Peak discharge was estimated to be between 7.0 and 
10.5 million feet3 (200,000-300,000 m3) per second, similar to that of the 
modern Amazon River. It inundated the site of the town of Castle Rock 
tens of meters deep and spread at least 6 miles (10 km) upstream and down-
stream of the Cowlitz River confluence. The evidence for the nature, mag-
nitude, frequency, and age of these lahars was developed and interpreted 
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mainly by Scott (1988a,b) and is summarized by Grant et al. (2016a). The 
only imaginable source of the large water volumes needed to trigger these 
prehistoric lahars is the sudden release of a lake in the general vicinity of 
the modern Spirit Lake. Hausback and Swanson (1990) identified two 
large debris avalanche deposits on the northern flank of the volcano that 
occurred within the same 2,500-3,200 years before present period, and it 
is likely that these deposits dammed the predecessors of Spirit Lake and 
provided easily erodible material that could be entrained into water during 
subsequent catastrophic breaching of the debris blockages.

Region Seismicity

Earthquakes in the region originate from three sources. First, the subduc-
tion zone itself is a major fault zone, referred to as the Cascadia Subduction 
Zone (see Figure 2.4). Subduction is not smooth; rather, the fault system 
is “locked” when ongoing stresses cause strain to be stored in the system. 
Eventually a fault (or set of faults) fails catastrophically, releasing the stored 
strain and causing major earthquakes exceeding magnitude (M) 9.0. Ex-
amples of such earthquakes include the March 11, 2011, M 9.0 To-hoku, 
Japan, and the December 26, 2004, M 9.0 Northern Sumatra earthquakes.

The second source of seismicity is smaller but nonetheless significant 
earthquakes occur along faults in the continental crust (i.e., crustal faults) 
above the subduction zone (see Figure 2.4). These earthquakes are often 
closer to the site of interest and can produce stronger shaking intensity 
than do more distant larger-magnitude subduction zone earthquakes. At 
the regional scale, the crust experiences compressive forces in the direction 
of subduction while local settings might also experience faulting due to 
extensional forces. Mount St. Helens sits atop a north-northwest trend-
ing belt of shallow crustal faults known as the Mount St. Helens Seismic 
Zone. These earthquakes tend to have magnitude 6.0 or less, but larger- 
magnitude earthquakes might be possible. Both Cascadia Seismic Zone 
and crustal faults are considered to be of tectonic origin. 

The third source of seismicity is volcanic earthquakes caused by intru-
sion of magma into the solid crust. This results in reactivation of existing 
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fractures, opening of new fractures, and shifting of rock domains as the 
intrusions alter the state of stress in their surroundings. These volcanic 
earthquakes are key components of volcano monitoring because they allow 
scientists to track the motion of magma that might lead to an eruption. 
Volcanic earthquakes tend to be of relatively low magnitude, however, with 
a few reaching magnitudes of 5.0 to 6.0.

Engineering Geology of the Spirit Lake Debris Blockage

The 1980 eruption of Mount St. Helens created three debris dams that 
reshaped the Toutle River watershed: the Spirit Lake blockage, the Castle 
Lake blockage, and the Coldwater Lake blockage. The Castle Lake and 
Coldwater Lake debris blockages have received less attention to date. This 
report focuses on issues related to the Spirit Lake debris blockage, but man-
agement decisions in the region may also need to focus on the other two.

The Spirit Lake debris blockage consists of a poorly characterized 
(from a geotechnical point of view) chaotic, permeable mixture of sand, 
gravel, boulders, and organic materials. The boundaries of the blockage 
do not easily lend themselves to clear definition, or even to identification 
of exactly where the blockage begins and ends. Unlike an earthen dam, 
the slope of the blockage is relatively shallow. The northern boundary of 
the blockage abuts Johnston Ridge, while the southern boundary grades 
into the surrounding landscape. The materials composing the blockage are 
described by Grant et al. (2016a). The texture of the materials is highly 
variable. Little of the original competent rock from the mountain slope 
remains; instead, it is shattered and interlaced with sands and gravels 
(Glicken et al., 1989). At its crest the blockage ranges from 200 feet (60 m) 
to more than 500 feet (150 m) in thickness. Both the avalanche sediment 
and the overlying pyroclastic sediment are highly erodible. 

Over geologic time, Spirit Lake has been dammed repeatedly by volca-
nic material, filled, and at least partially drained by overtopping failures of 
the blockage. Those failures caused major floods and mudflows down the 
North Fork Toutle River in the geological past (Scott, 1989). The surface 
boundary of the current Spirit Lake debris blockage is highly irregular. 

http://www.nap.edu/24874


A Decision Framework for Managing the Spirit Lake and Toutle River System at Mount St. Helens

Copyright National Academy of Sciences. All rights reserved.

56

M A N A G I N G  T H E  S P I R I T  L A K E  A N D  T O U T L E  R I V E R  S Y S T E M

It is approximately 6,400 feet (1,950 m) in length from east to west by 
4,800 feet (1,465 m) in width from north to south (Glicken et al., 1989) 
and varies in depth up to 490 feet (150 m) (Grant et al., 2016a). Figure 2.5 
depicts thicknesses of the debris blockage. The blockage is composed of 
highly  heterogeneous materials and includes bedrock of well-lithified 
 Tertiary tuff, andesite-and-basalt, older-dacite, ash cloud, pyroclastic flow, 
and phreatic deposits (i.e., derived from explosions related to subsurface 
steam) (Meyer et al., 1985; Glicken et al., 1989; USACE, 2016a). Fig-
ure 2.6 is an idealized geotechnical engineering cross-section of the debris 
blockage based on the original subsurface investigation conducted shortly 
after the 1980 eruption of Mount St. Helens. This simplified diagram 
shows three stratigraphic units divided between two basic units: debris 
avalanche and ash deposits. The stratigraphic units are described by the 
USACE (2016a) as

• Volcanic ash, which consists of primarily fine-grained deposits, 
highly erodible, of low unit weight. Generally 0 to 10 feet (0-3 m) 
in thickness, but may be as thick as 35 feet (11 m). Average standard 
penetration test values,2 which provide an indication of the density 
of the sediments, are 11 blows per foot. This value is consistent with 
what geotechnical engineers call loose to medium dense soils. 

• Pyroclastic flow material, which consists of primarily fine-grained 
with up to 20% gravel. The coarse fraction is of low-density, easily 
erodible, widely distributed, with thicknesses ranging between 0 
and 37 feet (0-11 m) in thickness, except in the pumice plain area 
where thicknesses are up to 160 feet (49 m) (see Figures 2.5 and 
2.7). Pyroclastic flow materials can also be found in outwash areas 
located away from the crater of Mount St. Helens. Deposits can be 
76 feet (23 m) thick. The average standard penetration test value 
for the material is 23 blows per foot. 

2 The standard penetration test methodology is described in the ASTM International’s ASTM 
D1586. See https://www.astm.org/Standards/D1586.htm. 

http://www.nap.edu/24874


A Decision Framework for Managing the Spirit Lake and Toutle River System at Mount St. Helens

Copyright National Academy of Sciences. All rights reserved.

57

Regional Setting

FIGURE 2.5 Debris blockage thickness shown on topographic model derived from 
2009 LIDAR survey. The debris thickness contours run along the old North Fork 
Toutle River in the northeast-southwest direction. SOURCES: Map derived by Adam 
 Mosbrucker, USGS. Original data from Glicken et al., 1989.

FIGURE 2.6 Idealized cross-section of the Spirit Lake blockage. The debris blockage 
also includes pits resulting from the melting of blocks of ice from glaciers located on 
Mount St. Helens and entrained in the debris slide. SOURCE: USACE, 2016a.
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• Blast deposits, which include a wide range of particle sizes—from 
coarse sand to cobbles—and a variety of rock types. These are 
less erodible than the ash or pyroclastic flow materials. The aerial 
extent of blast deposits varies and thicknesses range from 0 to 131 
inches (333 cm).

Clays and silts to gravelly sand and clasts up to meters in size can be 
found within the deposits (Glicken et al., 1989). The surface topography is 
uneven and mostly covered by the pyroclastic flow and ash cloud deposits. 
These highly erodible deposits vary in thickness from a few inches (cm) 
to 43 feet (13 m) (Glicken et al., 1989). Within a few years of the erup-
tion, surface erosion channels and multi-meter scale seepage erosion pipes 
within the ash cloud deposit were observed (see Figure 2.8).

The limited test results of the geotechnical properties from the sam-
pled materials are shown in Table 2.2 (from USACE, 2016a). In general, 
these materials are highly permeable, are loose, and have little cohesive 

FIGURE 2.7 Raised relief image of the north side of Mount St. Helens and region 
based on LIDAR data showing major topographic features and deposits from the 1980 
eruption of the volcano. Harry’s Ridge is located immediately to the right (west) of 
Spirit Lake. SOURCE: USGS. See https://volcanoes.usgs.gov/volcanoes/st_helens/
st_helens_geo_hist_101.html.
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FIGURE 2.8 Photograph of erosion of the Spirit Lake debris blockage, erosion pipe 
within the ash deposit. SOURCE: Glicken et al., 1989.
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strength. The high heterogeneity affects the distribution of shear strength 
and fluid flow properties of the debris blockage.

GROUNDWATER HYDROLOGY

Because the debris blockage consists of unconsolidated sediments from differ-
ent parts of the original volcanic edifice with differing grain sizes, its hydraulic 
properties are complex. They also receive infiltrated water from a number of 
sources, including streams draining the volcano and Johnston Ridge. Given 
that the materials of the debris blockage are heterogeneous and some have low 
density, preferential flow paths could well develop within the debris block-
age, creating a risk for the development of piping failure if the water level 
in Spirit Lake rises sufficiently. The groundwater flow that emerges from 
the avalanche deposit also drives headward erosion of the channels that feed 
sediment downstream to the SRS and the Toutle and Cowlitz valleys. 

Assessments were made of the hydrology and stability of these 
 deposits with respect to piping, liquefaction, failure during seismic load-

TABLE 2.2 Summary of the Geotechnical Properties of the Spirit Lake Blockage 
Materials

Material

Moist 
Density
(pcf)

Saturated 
Density
(pcf)

Internal 
Friction 
Angle % Fine % Sand % Coarse

Saturated 
Hydraulic 
Conductivity 
(cm/s)

Ash 84 88 30-35 50-70 30-50 0-5 8 x 10–4

Blast 
Deposit

120 125 32-45 5-20 30-50 30-55 1 x 10–1

Pyroclastic 
Flow

92 96 33-37 10-20 60-80 10-20 1 x 10–3

Debris 
Avalanche

125 130 30-45 5-25 20-60 30-75 N/A

SOURCE: USACE, 2016a.

http://www.nap.edu/24874


A Decision Framework for Managing the Spirit Lake and Toutle River System at Mount St. Helens

Copyright National Academy of Sciences. All rights reserved.

61

Regional Setting

ing, and erosion soon after the 1980 eruption (Youd et al., 1981; Glicken 
et al., 1989), but no follow-up analysis has been conducted to determine 
how the hydrologic and hydraulic settings have changed, or how such 
possible changes affect the long-term geotechnical stability of the debris 
blockage. The USGS has occasionally resurveyed the eroding channels 
on the debris avalanche deposit to estimate its role as the prime sediment 
supply to the Toutle River valley (Major et al., in press), and the agency 
has carried out a low-resolution groundwater survey (Wynn et al., 2016), 
which documents the presence of a shallow groundwater body in the 
debris avalanche deposit. 

Groundwater Flow in the Spirit Lake Debris Blockage

Basin-scale surface and subsurface hydrologic processes, surface erosion 
rates, and subsurface stability of the debris blockage are governed by pre-
cipitation patterns (rain and snow) and geologic and geomorphologic con-
ditions. The sources of groundwater recharge in the debris blockage are the 
volcano itself, seepage of surface runoff from Johnston Ridge in the north, 
and seepage from springs near the volcano’s crater in the south (Glicken 
et al., 1989; Bergfeld et al., 2008; Wynn et al., 2016). Limited studies, 
conducted prior to 1992, indicate that responses of the groundwater sys-
tem to geomorphic changes were significant after the eruption (Meyer et 
al., 1985; Glicken et al., 1989). In the mid-1980s the groundwater in the 
blockage exhibited a mound producing an easterly flow into the lake and 
a westerly flow into the north fork of the Toutle. The current state of the 
ground water was last probed using a geophysical survey by Wynn et al. 
(2016) and modeled to interpolate its elevation (see Figure 2.9). Since then, 
few data on groundwater in the region have been collected. Groundwater 
recharge processes in the region are complex; approximately 43 inches 
(110 cm) of rainfall and 79 inches (200 cm) of snow and glacial melt water 
seep through young and heterogeneous geologic media and over large vary-
ing topographic reliefs and gradients (Lee, 1996). Recharge areas have not 
been studied in detail, but the principal recharge in the debris blockage 
may come from direct rainfall.
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Piezometers were installed in the debris blockage shortly after the 1980 
eruption, but groundwater monitoring was discontinued after only a few 
years (C. Budai, personal communication, June 22, 2016). Data collected 
prior to 1992 indicate the water table within the debris blockage “tends to 
lower between the edge of Spirit Lake and areas downstream” (USACE, 
2016a). According to the USACE, and based on those early piezometer 
readings, groundwater levels seemed to have been influenced by the flow of 
subsurface waters off Mount St. Helens and the area between Johnston and 
Harry’s Ridges. Concentrated flow seems to have developed between Spirit 

FIGURE 2.9 Groundwater surface depth from modeling and geophysical data. 
SOURCE: Wynn et al., 2016. The following material from the Journal of Environ-
mental and Engineering Geophysics, 2016, is published with the permission of the 
Environmental and Engineering Geophysical Society. All copyright privileges remain 
with the EEGS. This material cannot be copied or used without the express written 
permission of the EEGS.
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Lake and downstream areas. The USACE presumed this channel “will 
continue to drain subsurface flows in a safe manner” (USACE, 2016a). 
The permeabilities of debris blockage materials, determined during post-
1980 characterization efforts, indicate that groundwater can pass through 
debris avalanche materials more quickly than surface water can reach the 
phreatic surface and create a mounding effect. Permeabilities of material 
in the blockage typically range from moderate to high (100 to 10-4 cm/sec) 
and are variable (Grant et al., 2016a). 

Groundwater flow within the blockage may have been a dynamic 
process after the eruption. Analysis (Glicken et al., 1989) indicates that 
groundwater in the debris blockage initially flowed from Spirit Lake 
through the blockage toward downstream, but then it reversed direction 
toward the lake. Limited water level data from within the blockage led 
to the conclusion that a groundwater mound or divide beneath the topo-
graphic crest of the blockage was established within a few years (Glicken 
et al., 1989). Groundwater flows into Spirit Lake on the east of the divide 
and discharges at the North Fork Toutle River on the west of the divide. 
This is not unexpected since this was a period of transition toward a new 
equilibrium. 

Recent controlled-source audio-frequency magnetotelluric (CSAMT) 
soundings (Wynn et al., 2016) indicate that two distinct aquifer systems 
separated by a thick unsaturated zone in the debris blockage area may exist: 
models indicate that one could be 30-165 feet (10-50 m) in depth and less 
than 3-5 miles (6-8 km) in lateral scale, while the other is approximately 
1,640-3,280 feet (500-1,000 m) in depth and more than 6 miles (10 km) 
in scale. The groundwater discharge rate into Spirit Lake was estimated to 
be likely less than 1% of the mean annual recharge of Spirit Lake (Glicken 
et al., 1989). Considering the length of the blockage and the elevation 
differences between the groundwater divide and discharge locations (Spirit 
Lake and the North Fork Toutle River), the average groundwater gradient 
within the blockage should be less than 2%, which implies modest-to-low 
seepage velocities. 

Because groundwater has the potential to differentially erode sedi-
ments within the blockage, it is important to understand groundwater 
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flow within. The debris blockage consists of heterogeneous unconsolidated 
sediments of varying grain size from different parts of the original volcanic 
edifice; therefore, its hydraulic properties are complex. Lower-density ma-
terials could allow preferential flow paths to develop within the blockage 
(such as the piping shown in Figure 2.8), elevating a risk of failure associ-
ated with piping if water levels in Spirit Lake rise sufficiently. The ground-
water flow that emerges from the avalanche deposit also drives headward 
erosion of the channels that feed sediment downstream to the SRS and 
the Toutle and Cowlitz River valleys. 

Assessments of hydrology and stability of the deposits with respect 
to piping, liquefaction, failure during seismic loading, and erosion were 
assessed soon after the 1980 eruption (Youd et al., 1981; Glicken et al., 
1989), but no follow-up analysis has been conducted to determine how 
the hydrologic and hydraulic settings have changed, or how such possible 
changes affect the long-term geotechnical stability of the debris blockage. 
The USGS has occasionally resurveyed the eroding channels on the debris 
blockage deposit to estimate the role of the blockage as the prime sediment 
supply to the Toutle River valley (Major et al., in press). Groundwater pres-
sures and internal erosion are important factors for the long-term stability 
of the debris blockage.

ECOLOGICAL SETTING

The characteristics and patterns of terrestrial ecosystems of the Mount St. 
Helens landscape prior to the 1980 eruption were broadly representative 
of the Cascade Range in many respects, reflecting the interplay of gradi-
ents in soils, topography, climate, and disturbance history. Streams and 
lakes surrounding the volcano were numerous and diverse, with streams 
ranging from small, steep, cascade-dominated mountain channels to large 
floodplain rivers, and with lakes ranging from cool high-elevation sub-
alpine lakes to relatively warm low-elevation lakes (Bisson et al., 2005). 
Swanson and others (2005: 20-26) provide an overview of the pre-eruption 
ecological setting, in particular, noting several specific ecological patterns 
regarding the ecosystems surrounding Mount St. Helens. These include 
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1.  A diverse flora predominantly consisting of a small number of 
coniferous tree species and many non-forest vegetation types that 
comprised a small, but important proportion of the landscape. 
Characteristic plant species and communities varied with eleva-
tion. The volcanic cone was dominated by alpine and subalpine 
plant communities, with the lower flanks of the mountain contain-
ing species such as western red cedar at the lowest elevations, noble 
fir and western white pine in mid-elevations between, and moun-
tain hemlock, Pacific silver fir, and Alaska yellow cedar higher. 
 Douglas-fir and western hemlock were common throughout the 
lower forest zones. The riparian zone was comprised of  deciduous 
trees and shrubs, particularly red alder, black cottonwood, and 
willow. Patterns of dominant species also varied with time since 
disturbance, including past volcanic events and infrequent wild-
fires and, more recently, silvicultural activities, particularly clear cut 
logging.

2.  A diverse fauna characteristic of montane, alpine, and riparian 
habitats characteristic of Western Washington. The presence and 
distribution of specific habitat types across the Mount St. Helens 
landscape strongly influenced patterns of terrestrial vertebrates 
through associated controls on food availability, cover, parasites, 
predators, microclimate, and weather. The pre-eruption fauna, 
with the exception of introduced fish species, was comprised of 
native species, with several regional endemic species. While the 
invertebrate fauna of the Mount St. Helens landscape was poorly 
documented at the time of the eruption, it is thought to have com-
prised thousands of species. The Upper Toutle River watershed 
contains suitable habitat for several species that are listed as threat-
ened or endangered or as USFS sensitive species. These include 
the northern spotted owl, peregrine falcon, gray wolf, grizzly bear, 
 wolverine, and mountain goat (USFS, 1997). The area surrounding 
Mount St. Helens is also home to several regional endemics, in-
cluding the Larch Mountain salamander, Van Dyke’s salamander, 
 Cascades frog, Cope’s giant salamander, American shrew mole, 
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Cascades golden-mantled ground squirrel, and creeping vole (per-
sonal communication, C. Crisafulli to J. Kupfer, August 29, 2017).

3.  Stream and lake ecosystems that provided habitat for numerous 
species contributing to landscape biodiversity. Headwater streams 
were small and shallow, their channels having high gradients and 
being composed of steep cascades and small pools with boulder, 
cobble, and bedrock substrates. These streams fed into mid-sized, 
meandering streams and rivers with localized floodplains and more 
open plant canopies, which eventually drained into larger rivers 
with more extensive floodplains, gravel bars, and riffles. The pri-
mary river systems draining Mount St. Helens all feed into the 
Columbia River and, thus, the Pacific Ocean. Most lakes were 
formed in cirques created by Pleistocene glacial activity, although 
several (such as Spirit Lake) were formed in lower elevation set-
tings where volcanic debris or lava flows blocked streams. While 
many lakes contained no fish until active management and fish 
stocking began, Spirit Lake was connected to the Toutle River 
system without barriers, allowing the presence of coastal cutthroat 
trout, winter steelhead, and coho salmon. However, stocking was 
common to maintain levels of these species sufficient to sup-
port a thriving sports fishery industry in the Toutle River system 
( Swanson et al., 2005: 20-26).

The 1980 eruption had catastrophic effects on ecosystems surrounding 
Mount St. Helens. The lateral blast destroyed vegetation up to 15 miles 
(24 km) away, and the high temperatures, debris avalanche, mudflows, 
and pyroclastic flows killed plants and animals near the blast area. The 
Washington State Department of Fish and Wildlife estimated that nearly 
7,000 big game animals (deer, elk, and bear), all birds, and most small 
mammals died in the area most affected by the eruption (Tilling et al., 
1990). The debris avalanche displaced the water in Spirit Lake, killing all 
the fish, and buried the upper 15 miles (25 km) of the North Fork Toutle 
River. Mudflows originating from the deposit extended 75 miles (120 km) 
down the North Fork Toutle River and main stem Toutle River valleys all 
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the way to the Columbia River (Swanson and Major, 2005). Catastrophic 
changes caused by the debris avalanche, mudflow, and pyroclastic flows 
decimated fish populations and destroyed 135 miles (218 km), or 77%, of 
the 174 miles (280 km) of the anadromous fish habitat formerly utilized by 
salmonids ( Jones and Salo, 1986). These effects were especially devastating 
to fish populations in the North Fork Toutle River as they immediately 
killed many fish outright and modified riparian habitats, especially in the 
area impacted by the debris avalanche. High concentrations of suspended 
sediment in the Toutle River resulted in many adult spawners avoiding the 
river in 1980 and 1981 (Martin et al., 1984).

Management decisions made regarding the Spirit Lake tunnel and 
the SRS may affect a range of ecological components, a number of which 
were identified as important by interested and affected parties during the 
committee’s open session meetings in Kelso, Washington. A commonly 
discussed ecological concern among those participating was the state of 
anadromous and resident fish species. Prior to the eruption, the North Fork 
Toutle River valley was an important recreation area for fishers,  hunters, 
and other users. According to Ellifrit and others (1984), the Toutle River 
system usually ranked among the top five streams in Washington in  total 
numbers of sport-caught steelhead and was a popular salmon angling 
stream. They noted that salmon, steelhead, and sea-run coastal cutthroat 
all spawned naturally within the river system. The system also supported 
many nongame fish species, which along with the game species were im-
portant ecological components of Mount St. Helens aquatic ecosystems 
(Bisson et al., 2005). 

Jones and Salo (1986) echoed that the Toutle River watershed sustained 
a thriving sport fishery that was consistently viewed as being one of the 
premier salmon and steelhead areas in the region. They underscored, 
however, that the success of that fishery had long been dependent on 
hatchery-raised fish. Specifically, they noted: 

The Wildstock Toutle River salmon and steelhead populations, unable 
to sustain the exploitation rates exerted by commercial and recreational 
fisheries, have been augmented by artificial propagation for the past 
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30 years.3 The Toutle River hatchery operated by the  Washington 
Department of Fisheries produced an annual average of 1.4 mil-
lion coho salmon and 3.2 million fall chinook salmon. Prior to 1969, 
many  Columbia River hatcheries reared and released a strain of coho 
salmon originating from the Toutle River. Hatchery production of 
coho salmon, chinook salmon, and steelhead trout produced an annual 
estimated catch of 251,000 fish valued at more than 12 million dollars. 
The Washington Department of Game annually released approximately 
240,000 winter and summer run steelhead smolts into the Toutle River 
system. ( Jones and Salo, 1986: 1-2)

It was estimated that natural spawning (hatchery and natural-origin) fall 
Chinook salmon from 1964 to 1979 averaged only 42% (4,517 fish) of 
the Toutle subbasin spawners, a number that had slipped even further 
by 2009.4

With respect to recovery of the fisheries since the eruption, Bisson and 
others (2005: 167) noted: “(M)any fishery managers predicted that recovery 
of salmon and steelhead populations would take decades because riverine 
habitats had been so extensively damaged.” In the immediate wake of the 
eruption, high concentrations of suspended sediment caused large numbers 
of adult steelhead that had been migrating toward affected tributaries, par-
ticularly those in the Toutle River system, to swim into tributaries flowing 
into the Columbia River upstream of their natal streams for 1 to 3 years 
after the eruption (Whitman et al., 1982; Leider, 1989). Small numbers 
of adult salmon and steelhead did navigate the sediment-laden waters of 
the Toutle River system and returned in 1980 and 1981, but recreational 
fisheries for salmon and wild steelhead were closed immediately after the 
eruption and not reopened until 1987 (Bisson et al., 2005). Within 5 years 

3 For example, the North Toutle salmon hatchery was authorized under the Mitchell Act. It began 
operation in 1951 as part of the Columbia River Fisheries Development Program and was destroyed 
by the 1980 eruption. Operations resumed in 1985. The hatchery is operated to produce adult fall 
Chinook and coho salmon for commercial and sport fisheries in the northeast Pacific and Columbia 
River basin (see http://docs.streamnetlibrary.org/IHOT/NorthToutle-Cohos1997.pdf ).

4 See http://www.hatcheryreform.us/hrp_downloads/reports/columbia_river/system-wide/4_ 
appendix_e_population_reports/lower_col-cowlitz-toutle_fall_chinook_01-31-09.pdf.
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of the eruption, juvenile salmonids were found in tributaries throughout the 
South Fork Toutle River watershed and tributaries of the North Fork Toutle 
River, except those draining the landslide debris flow areas. Nevertheless, 
an assessment of population viability concluded that health or viability for 
anadromous species ranged from very low for spring Chinook to low for fall 
Chinook salmon, coho salmon, and winter steelhead, leading to risks of 
elimination for local populations of these species (USACE, 2007).

In response to concerns about the viability of anadromous fish pop-
ulations, the north and south forks of the Toutle River system were both 
targeted as subbasins for management of fall Chinook salmon, winter steel-
head, and coho salmon in the Lower Columbia River Salmon and Steel-
head Endangered Species Act (ESA) Recovery Plan (National Marine 
Fisheries Service, 2013). Returning and reintroduced anadromous salmon 
populations in the Toutle River system below the SRS have grown in recent 
years (Liedtke et al., 2013), although populations in the South Fork Toutle 
River have grown much more quickly. Natural and hatchery-produced fall 
Chinook and coho salmon as well as winter steelhead have returned in 
lower reaches of the system, but the North Fork Toutle River above the 
SRS remains closed to fishing. More detail about the management of fish 
populations is provided in Chapter 3.

Prior to the eruption, Spirit Lake itself was a popular recreational fish-
ing destination, with steelhead and coho salmon migrating to the lake to 
spawn and an average of 25,000 rainbow trout stocked in the lake annually 
(USDA Forest Service, 1997: III-29). The first recorded fish in Spirit Lake 
after the eruption was a rainbow trout captured in 1993, but populations 
rose in the late 1990s as ecological conditions within the lake improved in 
the two decades after the eruption (Bisson et al., 2005). It is unknown how 
the first fish entered the lake, but there remains a very limited amount of 
stream habitat available for spawning near Spirit Lake (Bisson et al., 2005), 
and access to Spirit Lake from the Toutle River system remains blocked 
by the debris avalanche.

The issue of restoring anadromous fish to the upper North Fork Toutle 
River is one with not only biophysical challenges related to erosion and 
sediment movement into the North Fork Toutle River drainage but also 
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issues of access and fish passage associated with the SRS. A number of 
individuals at open session meetings held by the committee in Kelso and 
representing a diverse variety of interested and affected parties expressed 
interest in improving upstream fish passage and undertaking ecosystem 
restoration measures in the Toutle River for recreational, economic, and 
aesthetic reasons (e.g., reintroducing species that were once a part of the 
North Fork Toutle River ecosystem and economy); cultural reasons (e.g., 
concerns voiced by the Cowlitz Indian Tribe about the status of salmon 
and other species in the Toutle River system); and legal reasons (under the 
auspices of the ESA). Protection of endangered fish species (including 
issues associated with fish passage both upstream and downstream through 
the SRS) was a central issue in evaluating USACE plans to raise the SRS 
spillway up to 23 feet as part of its approach for managing sediment over 
the next 20 years5 (see also Chapter 3). Even when fish are able to pass the 
SRS (e.g., through the current trap-and-haul system), they face issues of 
finding suitable habitat and have no access to Spirit Lake itself because 
of the debris blockage and the design of the Spirit Lake tunnel. 

Beyond anadromous fish species, there may be other management and 
legal considerations associated with the ESA. Fourteen federally or state-
listed threatened or endangered species, federal species of concern, and 
Washington state sensitive species or state candidate species occur in the 
area associated with the SRS, and numerous bird species that may occur in 
the study area are protected under the Migratory Bird Treaty Act (USACE, 
2017). The impacts of management options on other species such as elk, 
which are an important management component in the Mount St. Helens 
Wildlife Area that is administered by the Washington Department of Fish 
and Wildlife, may be considered.

Finally, as will be discussed at greater length in the next chapter, the 
Mount St. Helens National Volcanic Monument was established in 1982 
from lands within and adjacent to the Gifford Pinchot National Forest in 
part to serve as a venue for scientific research on ecological succession as 

5 See http://tdn.com/news/local/to-raise-spillway-army-corps-will-have-to-spend-millions/ 
article_4972f60a-9dce-5089-aae7-bd7a584db181.html.
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well as volcanic and seismic risks associated with Mount St. Helens. A key 
aspect of the Monument’s authorizing legislation (P.L. 97-243) is that the 
110,000-acre (445 km2) area would be administered “to allow . . . geologic 
forces and ecological succession to continue substantially unimpeded,” with 
specific provisions and limitations regarding scientific study and research, 
recreational and interpretive facilities, timber harvesting, and hunting and 
fishing being laid out. The 1980 Mount St. Helens eruption provides the 
most detailed case study of volcanic impacts on ecological systems ever, 
with research providing exceptional insights into the survival and reestab-
lishment of both plant and animal communities (see, for example, papers 
in Dale et al., 2005a), and much of that work has resulted from research 
conducted within the Monument. Such goals and restrictions may have 
potential relevance to the decision framework outlined in this report and 
should thus be considered.

HYDRAULIC INFRASTRUCTURE

Various engineered infrastructure elements have been constructed in the 
Spirit Lake and Toutle River system to control the transport of water and 
sediment through the system. The committee considers that these infra-
structure elements are now part of the system and regional setting, serving 
as agents of change for the system. Moreover, the committee considers that 
the infrastructure elements themselves have hazards associated with them 
or that they may lessen or exacerbate natural hazards associated with the 
system. The infrastructure elements are described here and in Chapter 5 
from the point of view of engineering a landscape.

Tunnel

As described in Chapter 1, a 1.56-mile (2.6-km) tunnel was constructed 
in 1984-1985 through Harry’s Ridge, west of Spirit Lake, to regulate 
lake levels and prevent breaching of the debris blockage (see Figure 1.3). 
Britton et al. (2016a) review the history of the tunnel, its construction, 
and the problems experienced with the tunnel in 1996 and again in 2014-
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FIGURE 2.10 Geologic profile along tunnel. Left is west; right is east. There are five 
mapped shear zones shown. The location of the 2015 repair area is shown. This tunnel 
was deformed at the contact between predominantly tuffaceous and hard rock materials 
along the Julie and Kathy L. shear zone. SOURCE: Britton et al., 2016a.

2015. The tunnel alignment crosses five mapped faults or shear zones. In 
1992, shotcrete spalling and invert heave were detected along the Julie and 
Kathy L. shear zone. These required major repair of a 100-foot (30-m) 
segment in 1996 (see Figure 2.10). Significant distress and heave were again 
detected in this zone during an annual inspection in 2014 (see Figure 2.11), 
decreasing the hydraulic capacity of the tunnel below acceptable levels. 
Uplift of the tunnel floor reduced the tunnel diameter by about 30 inches 
(80 cm) and constricted water flow. An inspection 6 months later indicated 
an additional 6 inches (15 cm) of uplift. In early 2016, the tunnel was 
closed for 10 weeks to allow engineers to rebore a section of tunnel and 
install more than a dozen steel ribs to stabilize the area where the floor 
had been rising (Service, 2016). The repeated instances of deformation in 
this tunnel and subsequent congressional allocations for repair triggered 
the call by members of Congress for a long-term management solution 
(Beutler et al., 2015), as described in Chapter 1. During the repairs, 
completed in March 2016, the lake level rose 20 feet (6 m), only a few 
meters below where the more erodible deposits could be eroded by lake 
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water. Engineering solutions for the control of water levels in Spirit Lake 
are discussed in Chapter 5.

Sediment Retention Structure

The USACE completed construction of the SRS in 1989 both to reduce 
chronic flood risk and to reduce the need for downstream dredging. The 
1,888-foot-long (575-m), 185-foot-high (56-m) structure was constructed 
to trap medium- to coarse-grained sediment in the basin upstream of the 
dam until 2035, but greater than expected sediment transport in the North 
Fork Toutle River resulted in sediments burying the SRS outlet pipes earlier 
than expected. Flow from the North Fork Toutle River has been  diverted to 
the SRS spillway, and some sediment now passes freely over the spillway. 

FIGURE 2.11 Photo of heave in the tunnel. The tunnel diameter was originally 11 feet. 
The man is standing on the heaved portion of the tunnel. SOURCE: Britton et al., 2016a.
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Based on discussions with interested and affected parties during the com-
mittee’s open session meetings in Kelso, the management of sediments in 
the region represents a controversy. The valley immediately upstream of the 
SRS, known as the sediment plain, grew rapidly as sediment accumulated 
(see Figures 2.12 and 2.13) behind the SRS. The landscape of the valley has 
been radically altered, and residents of the region expressed concerns about 
the ecological and economic health of the region. Passage of anadromous 
fish, for example, is negligible (at best) beyond the SRS. 

The committee is not aware of a potential failure mode analysis that 
may have been conducted for the SRS in light of large volcanic, seismic, 
or atmospheric events for the region. A limited number of numerical sim-
ulations have been published that, for example, consider the effects of 
catastrophic floods and debris flows on the SRS capacity (e.g., Denlinger, 
2011). Those studies, however, may assume no ill effects on the structure 
itself. The management of the SRS is described in Chapter 3. A limited 
number of alternatives for future management of the alternatives have been 
considered by the SRS and these are discussed in Chapter 5.

Levees

Communities located along the Toutle and Cowlitz Rivers are protected 
by flood levees with authorized levels of protection (LOPs) from 118-year 
(p=0.0085) to 167-year (p=0.006) return periods. Leveed areas along 
the lower Cowlitz River and property in leveed areas are valued at about 
$3.65 billion (USACE, 2017); they include portions of Longview, Kelso, 
Lexington, and Castle Rock (population of approximately 50,000). The 
most recent comprehensive LOP update was performed in 2009 for the 
Cowlitz River Levee Systems, 2009 Level of Flood Protection Update 
Summary (USACE, 2010a). This resulted in updates to the Cowlitz River 
discharge-frequency curve, stage-discharge relationships, (geotechnical) 
fragility curves for the levees, and an appraisal of hydraulic and hydro-
logic uncertainty. Uncertainty in river stage from that study is reported 
to have a standard deviation of 0.5 to 1.3 feet (0.15 to 0.4 m) along the 
river comprising natural, model, and sediment (from Mount St. Helens) 
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SRS Outlet Works

Spillway

SRS Outlet Works

Spillway

(a)

(b)

FIGURE 2.12 The SRS and the sediment plain (a) in approximately 1990 prior to 
the outlet works reaching their upstream capacity (b) and after reaching capacity. Note 
that water is now diverted over the spillway in the left of the photo. SOURCE: USACE.
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SRS

Spillway

SRS

Spillway

FIGURE 2.13 Aerial view of the SRS and sediment plain taken both in (a) July 1990 
and (b) July 2014. Note the increase in the size of the sediment plain. The SRS, which is 
approximately 2,000 feet in length, is the northeast-southwest trending linear structure 
in the upper center of the figure. SOURCE: Google Earth.

(a)

(b)
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contributions. The part of the uncertainty due to sediments effects, which 
 derives both from channel bed form and high sediment loads during storms, 
ranges from 0.25 to 0.7 feet (0.08 to 0.21 m), depending on location along 
the rivers. Sediment from Mount St. Helens deposited in the reaches of the 
Toutle and Cowlitz Rivers increases bed elevations and decreases discharge 
 capacities of the reaches, raising the stage-discharge curves and thus the 
stage-frequency relations (i.e., annual exceedance probabilities).

SOCIO-DEMOGRAPHIC AND ECONOMIC SETTING

The socio-demographic and economic characteristics of the region, includ-
ing those of Native American Tribes in the region, are important to the 
development of any long-term management plan for at least two reasons. 
They define the setting against which many of the impacts of engineering 
and management interventions must be measured, and the knowledge of 
the history and the current role of various groups and entities facilitates the 
identification of interested and affected parties who may be participants 
in plan development.

Mount St. Helens itself is located in Skamania County, Washington, 
but the concerns that are most central to this report (especially those asso-
ciated with the Toutle and Cowlitz Rivers) focus primarily on impacts 
likely to be felt in adjacent Cowlitz County. The area was inhabited by 
Cowlitz and other Native American Tribes prior to contact with the  Pacific 
Fur Company in 1811 (Cowlitz Indian Tribe, 2016). The indigenous pop-
ulation was forcibly removed from the area in 1855; many were sent to 
reservations in other parts of the state, but their descendants subsequently 
returned. Anglo-European settlement in the region, including what is 
now Cowlitz County, began in the early 1800s and centered primarily on 
trapping and the fur trade. The Hudson’s Bay Company established the 
first permanent settlement in the area in 1825, but development began in 
earnest after 1920 when R. A. Long established a sawmill in Longview 
( Weber, 2012). That business was among a number of entities owned by 
Long and his Long-Bell Lumber Company, based in Kansas, which was the 
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largest timber operation in the world when it opened in 1924. Longview 
was originally established to provide housing for workers. 

Today, Longview is the largest community in the county, with a pop-
ulation of 37,000, and is the site of the county’s major port (U.S.  Census, 
2016). Kelso, the county seat, is the second-largest community in the 
county, with a population just under 12,000. The county had an estimated 
population of 103,468 in 2016. The population is 86% non-Hispanic white, 
7% Hispanic, and 2% Native American. About 1.4% of the population is 
of Asian descent, and 3% claim two or more different racial backgrounds. 
African Americans make up less than 1% of the population. In 2014, 15% 
of residents 25 years of age or older had a bachelor’s or an advanced  degree, 
compared with 33% of the state population and 30% of the U.S. population. 

Major employers in the county include Weyerhaeuser Timber Com-
pany, International Paper (formerly Long-Bell Lumber Company), 
 Kapstone Paper (formerly Longview Fiber Company), Alcoa, PacifiCorp 
(formerly Pacific Power and Light), Peacehealth/St. John’s Medical Center, 
the county government, and the school system. As of 2013, the estimated 
median household income in the county was $48,417 (compared to a state 
average of $58,105). In the 1970s, manufacturing accounted for approx-
imately one-third of all jobs in the county; now the proportion is around 
half that number. For the past 2 decades, unemployment in the county has 
been about 2% higher than the national average (Bailey, 2016). The median 
value of owner-occupied housing units in the county for the years 2010-
2014 was approximately $175,000, lower than the statewide average of 
$257,000. Following state and national trends, housing prices in the county 
improved in 2015. Thirty-two percent of county residents are renters.

The county was hard-hit by the 2008 recession, with job losses partic-
ularly marked in the construction and manufacturing sectors. Men were 
disproportionately affected by the recession because of their high repre-
sentation in those sectors. Post-recession jobs recovery began slowly, but 
employment had recovered by 2015. Jobs that have returned, however, 
are lower-wage than the manufacturing jobs they replaced (Bailey, 2016). 
Hope for better employment prospects has been spurred by recent plans 
to build a methanol plant at the Port of Kalama (Luck, 2015). Discussions 
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between committee members and community representatives held during 
the committee’s open session meetings indicate that residents also hope 
for increases in tourism and recreational travel.

The county’s strategic plan for the years 2016 to 2020 (Cowlitz County 
Department of Emergency Management, 2016) highlights several chal-
lenges with respect to residents’ overall well-being. The plan describes the 
population of the county as “older, poorer, and less diverse than the rest of 
Washington.” The proportion of the population living below the federal 
poverty line is 13.5%. The county ranks high in the need for tenant assis-
tance because of the lack of affordable rental housing, and about 34,000 
residents receive Medicaid. The 2016-2020 strategic plan notes that public 
perceptions regarding the county are not optimistic, owing to such factors 
as job insecurity, unemployment, and low wages. Census and other data, 
as well as the appraisals of community residents and leaders, indicate that 
Cowlitz County has been negatively affected both by general economic 
trends and by economic forces specific to the region. Residents’ views on 
long-term management options will undoubtedly reflect those concerns. 

The Cowlitz Indian Tribe

The Cowlitz Indian Tribe is another influential force within the region. 
It and other tribes in the region are sovereign nations and therefore im-
portant stakeholders in decisions regarding Spirit Lake and the Toutle 
River system. The Cowlitz Indian Tribe, federally recognized in 2000, is 
headquartered in Longview, although reservation land is located in nearby 
Clark County, near the town of La Center. Although no part of the Spirit 
Lake and Toutle River system crosses reservation lands, the tribe, which 
retains hunting and fishing rights on its traditional lands, is a party to a 
memorandum of understanding with the Washington Department of Fish 
and Wildlife that focuses on the need for cooperation and communication 
aiming at maintaining the health of the fish and wildlife populations in 
the region. The Cowlitz Indian Tribe has natural resources and fisheries 
departments (with the scientific and technical expertise contained therein) 
within its governing structure that informed a 2014 letter to the USACE 
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from Cowlitz Tribal Council Chairman William Iyall regarding a USACE 
(2014) report on the long-term sediment management plan and supple-
mental environmental impact statement (personal communication William 
Iyall to Jose L. Aguilar, October 23, 2014). The letter expressed concerns 
regarding, among other issues, the health of fish populations affected by 
the SRS, fish passage, and flood protection. Importantly, the letter stressed 
the need for systematic assessments of the success of previous mitigation 
actions and for more information on how both past actions and future 
plans will affect tribal interests. Concerns of the Cowlitz Indian Tribe and 
its relationship to the land and other interested and affected parties are 
described in Chapter 3.

HOW THE SETTING AFFECTS SYSTEM RISK 
ASSSESSMENT AND LONG-TERM MANAGEMENT

Information on the regional setting contained in this chapter has a number 
of implications both for assessing risks and for making decisions about 
long-term management of the Spirit Lake and Toutle River system. Key 
among these are the fact that the physical setting is complex and dynamic, 
that socioeconomic considerations, including tribal concerns, are part of 
the decision landscape, and that decision making needs to be based on 
a holistic conceptualization of the region and issues. The next sections 
summarize those concepts.

A Dynamic Region

The area of interest has been and continues to be shaped both by naturally 
occurring events and by engineering solutions designed to mitigate the 
impacts of those events. The most recent disaster that affected the region 
was the catastrophic eruption of Mount St. Helens in 1980, but that event 
occurred in the context of ongoing volcanic, seismic, and hydrological pro-
cesses. Those conditions will be explored in greater detail in subsequent 
chapters, but a crucial finding from the discussions in this chapter is that 
management decision making needs to take into account the future effects 
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of multiple hazards on the region. Engineered works do contain some of 
the adverse effects of the 1980 eruption, but they have also had adverse 
effects of their own. For example, the SRS has resulted in the trapping of 
sediments upstream of the structure, changing the landscape of that region 
and having wide-ranging effects on fish species that are valued by many 
local stakeholders. The tunnel designed to regulate water levels in Spirit 
Lake may be vulnerable to natural hazards such as earthquake-related 
movement. Repairs of the tunnel result in the need to temporarily close 
the tunnel, leaving the debris blockage vulnerable to rising water levels. 
Maintenance and repair of the tunnel also puts workers at risk. 

Within this dynamic setting are many uncertainties that will have to 
be taken into account in long-term management decisions. In many cases, 
uncertainties have been compounded by data gaps, a lack of ongoing mon-
itoring, and failure to consider potential sources of vulnerability. The need 
for future studies to better characterize hazards and vulnerabilities and to 
reduce uncertainty is an ongoing theme in this report.

Socioeconomics and Tribal Concerns as Part of the Decision Landscape

Decision making needs to be informed by more than the physical charac-
teristics of the region. Socioeconomic conditions and tribal concerns are 
also part of the decision landscape. Although economic conditions have 
improved since the 2008 financial crash, incomes in Cowlitz County are 
low compared to statewide averages, and overall economic growth has been 
sluggish. Before the eruption of Mount St. Helens, the region enjoyed the 
economic benefits of recreational travel centered on fishing, hiking, and 
other outdoor pursuits, and many local stakeholders hope for a return of 
those types of recreational opportunities. Timber harvesting remains an 
important contributor to the region’s economy, and the health of the fed-
eral, state, and private forests may be affected by management of the Spirit 
Lake and Toutle River system.

The Cowlitz Indian Tribe represents another set of interested and 
affected parties that have a special interest in conserving and restoring the 
region’s wildlife and in agency accountability with respect to those con-
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cerns. Maintenance of cultural and religious practices is also a major tribal 
priority. The tribe is unlikely to accept long-term management decisions 
that do not take these interests into account.

Holistic Conceptualization

An understanding of the regional setting calls for a more holistic con-
ceptualization of that system that should form the basis for long-term 
decision making. Spirit Lake, the Toutle River, and associated engineered 
works are elements within a broader regional system that includes many 
other features such as the Monument, the Cowlitz and Columbia Rivers, 
and downstream flood protection levees. Elements within that system 
are managed by different entities—a point that will be emphasized in 
Chapter 3—and are often considered in isolation from one another. Those 
facts cannot stand in the way of formulating and implementing a decision 
framework that accounts for interrelationships and feedback processes 
within the broader system. 
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C H A P T E R  3

Institutional 
Setting: Developing 
a Common 
Understanding

Ownership of land surrounding Mount St. Helens is both private and 
public, but the focus of discussion in this report (a decision framework 
for management of the Spirit Lake and Toutle River system) is largely 
related to features on publicly owned land. Management of those lands 
and the waters and ecological features of the region is thus influenced 
and guided by public agencies that operate under multiple management 
missions and mandates. The most prominent of the federal agencies in the 
area are the U.S. Forest Service (USFS) and the U.S. Army Corps of Engi-
neers (USACE). The Washington State Department of Natural Resources 
(WADNR) owns and administers large parcels of land in the region, and 
the Washington Department of Fish and Wildlife (WDFW) manages key 
areas along the North Fork Toutle River. Additional areas in the region fall 
under tribal, county, or municipal management (see Figure 3.1). There are 
also a number of individuals, organizations, institutions, groups, and com-
munities who may be directly or indirectly affected by decisions associated 
with Spirit Lake and the Toutle River.

Understanding the historical and contemporary management con-
texts (i.e., the institutional setting) of the areas affected by management 
actions—for example, those involving the Spirit Lake outflow and the 
downstream sediment retention structure (SRS) on the Toutle River—is 
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FIGURE 3.1 Areas under public management within the study region. SOURCES: 
Map by authors; base map: @OpenStreetMap and contributors, including the USGS’s 
The National Map: National Boundaries Dataset, 3DEP Elevation Program, Geographic 
Names Information System, National Hydrography Dataset, National Land Cover Da-
tabase, National Structures Dataset, and National Transportation Dataset; U.S. Census 
Bureau—TIGER/Line and USFS Road Data.
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important in the development and implementation of a successful decision 
framework. The public agencies with roles and interests in the management 
of Spirit Lake, the existing tunnel, and the potential impacts of manage-
ment or failure are thus discussed below.

PRE-ERUPTION (1980) MANAGEMENT CONTEXT: 
SPIRIT LAKE AND MOUNT ST. HELENS 

At the time of the May 1980 eruption, Mount St. Helens and the areas 
immediately surrounding it were located within the boundary of Gifford 
Pinchot National Forest (GPNF) and managed by the USFS, which is part 
of the U.S. Department of Agriculture (see Box 3.1). The primary goal 
of the USFS is to manage national forests to sustain “the health, diversity, 
and productivity of the Nation’s forests and grasslands to meet the needs 
of present and future generations.”1 The GPNF is managed for a range of 
purposes, including timber, range, water, wildlife, and outdoor recreation 
within larger directives associated with the Multiple-Use Sustained-Yield 
Act of 19602 and other federal legislation (GPO, 2011). Following pas-
sage of the 1964 Wilderness Act,3 several areas within the GPNF were 
designated as Wilderness, which placed constraints on allowable land uses 
and management activities. Areas within the GPNF boundary serve as the 
headwaters of more than a dozen significant rivers and streams, including 
the Toutle and Cowlitz Rivers, which are the focus of this report.

Prior to the 1980 eruption, individual management plans had been 
established for different management units within the GPNF. Passage of 
the National Forest Management Act4 (NFMA) in 1976 mandated that 
each National Forest implement an improved process for establishing land 
allocations, management goals and objectives, and standards and guidelines 
used by land managers, other government agencies, private organizations, 
and individuals. Two important aspects of NFMA were that it required the 

1 See http://www.fs.fed.us/about-agency.
2 See http://uscode.house.gov/statutes/pl/86/517.pdf.
3 See http://uscode.house.gov/statutes/pl/88/576.pdf.
4 See http://www.fs.fed.us/emc/nfma/includes/NFMA1976.pdf.
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USFS to use a systematic and interdisciplinary approach to resource man-
agement and that it provided for public involvement in preparing and re-
vising forest plans. The GPNF published its first Land and Resource Man-
agement Plan (Forest Plan) in 1990. That Forest Plan described resource 
management practices, levels of resource production and management, and 
the availability and suitability of lands for resource management.5 Man-
agement of the GPNF has since been further circumscribed by standards 
and guidelines addressing major issues and management concerns at the 

5 See http://www.fs.usda.gov/Internet/FSE_DOCUMENTS/stelprdb5444081.pdf.

BOX 3.1
U.S. Department of Agriculture—Forest Service

In response to concerns about the depletion and declining quality of American forests, 
the commissioner of agriculture appointed Franklin Hough to the role of special forest 
agent in 1876 and charged him with “gathering data on forests and forest products, 
European forestry practices, and on means to preserve and renew the forests” ( Bergoffen, 
1976: 11). In 1881, this role was expanded into a newly created Division of Forestry 
that was located within the Department of Agriculture, with Hough appointed as its first 
chief.a In 1891, Congress passed the Forest Reserve Act, which authorized withdraw-
ing land from the public domain as “forest reserves” but charged the General Land 
Office in the Department of the Interior with their management. Congress subsequently 
passed the “Organic Act of 1897,” which defined the main statutory basis for the 
management of forest reserves, stating that their purpose was “to improve and protect 
the forest within the reservation . . . securing favorable conditions of water flows, and 
to furnish a continuous supply of timber for the use and necessities of citizens of the 
United States.”b In 1901, the Division of Forestry was renamed the Bureau of Forestry. 
The Transfer Act of 1905 transferred management of the forest reserves from the U.S. 
Department of the Interior to the Bureau of Forestry, which was renamed the U.S. Forest 
Service, with Gifford Pinchot named as its first chief. In 1907, the forest reserves were 
renamed National Forests.

aSee http://www.foresthistory.org/ASPNET/People/Hough/Hough.aspx.
bSee http://www.foresthistory.org/Education/Curriculum/Activity/activ5/essay.htm. 
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regional level (e.g., the Northwest Forest Plan).6 The USFS has also made 
several amendments to its original Forest Plan since 1990.

The guiding principles of land and forest management that were in 
place at the GPNF at the time of the 1980 eruption were defined and 
shaped by more than a century of evolving attitudes regarding public (and 
private) lands management in the United States. These attitudes, in turn, 
stemmed from a complex set of viewpoints and ideals concerning the values 
of nature and wilderness that first coalesced during the early conserva-
tion movement of the late 1800s and early 1900s, as exemplified by such 
figures as George Perkins Marsh, George Bird Grinnell, John Muir, and 
Gifford Pinchot, among many others. In particular, emerging approaches 
to public land management that began in the late 1800s with the creation 
of the first National Parks and Forests were heavily rooted in notions of 
land and property ownership that had distinctly European bases. These 
ideas became codified through a century of environmental legislation and 
laws concerning public lands management, which culminated in passage 
of several important acts in the 1960s and 1970s central to managing the 
GPNF, including the Endangered Species Act (ESA), the Wilderness Act, 
and the National Environmental Policy Act (NEPA).7 

LAND OWNERSHIP IN THE BROADER 
TOUTLE RIVER VALLEY CIRCA 1980

Most land in the Toutle River valley outside the GPNF boundary was pri-
vately owned prior to 1980. Following the arrival of European trappers in 
the region in the early 19th century, Fort Vancouver was founded in 1825 on 
the north bank of the Columbia River near present-day Portland, Oregon, 
as the first permanent European settlement (Wilma, 2005). By the start of 
the 20th century, and with the establishment of the Mount Rainier Forest 
Reserve, miners, loggers, homesteaders, and ranchers had moved into the 
Toutle River valley and the area surrounding Mount St. Helens to farm in 

6 See http://www.reo.gov/general/aboutNWFP.htm.
7 See https://www.epa.gov/nepa.
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the river valleys and raise cattle and sheep in meadows and prairies.8 Forests 
in the area represented some of the best timber in the nation at the time of 
the eruption, and logging on public and private lands supported a thriving 
timber industry that in 1978 contributed 44% of the total wages and salaries 
in Cowlitz County (USACE, 1983). The Weyerhaeuser Company owned 
much of the land immediately west of the GPNF at the time of the eruption. 

Tourism in the valley was strong and centered on hunting (e.g., elk, 
deer), fishing (especially salmon and steelhead), and other outdoor activ-
ities. Spirit Lake itself was a popular tourist destination, with six camps 
located along its shore and a number of lodges catering to visitors. Towns 
downstream of the GPNF include Toutle (near the confluence of the North 
Fork and the South Fork Toutle Rivers); Castle Rock (on the Cowlitz River 
just below its confluence with the Toutle River); Lexington (on the Cowlitz 
River approximately 10 miles [16 km] downriver from Castle Rock); and 
Kelso and Longview (on the Cowlitz River just above its confluence with 
the Columbia River; see Figure 1.2). The Port of Longview (in operation 
since 1921) is located at the confluence of the Cowlitz and Columbia 
Rivers and has had an important role in regional economic development 
associated with manufacturing and international trade.

POST-EVENT MANAGEMENT RESPONSES 
TO THE ERUPTION (1980-1989)

The eruption of Mount St. Helens on May 18, 1980, resulted in the great-
est loss of life (57 deaths) and was the most economically destructive vol-
canic event in U.S. history. More than 200 homes, 185 miles (300 km) 
of highway, 47 bridges, and 15 miles (24 km) of railways were destroyed 
(Tilling et al., 1990). The immediate environmental effects of the erup-
tion on forests, fish and wildlife, and waters in the blast vicinity, which are 
detailed in greater depth elsewhere (e.g., Dale et al., 2005a; Major et al., 
2009), were extensive. Economically, it has been estimated that the total 
cost of damage from the eruption amounted to nearly $1 billion in losses to 

8 See http://www.fs.usda.gov/main/giffordpinchot/learning/history-culture.
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forestry, agriculture, buildings, and other infrastructure.9 Long-term man-
agement of sediment and flood risk involving costly engineered structures 
(discussed below) has been ongoing since the eruption. 

The relevant management responses with respect to Spirit Lake and 
the Toutle River system within the first decade following the eruption are 
reviewed here because they provide context for understanding the current 
management situation. A number of management actions were taken in 
the immediate aftermath of the eruption to address perceived threats to 
human safety and economic concerns. Actions that took place within the 
first 2 years following the eruption included dredging of downstream rivers, 
modifications of levees in downstream communities, and establishment of a 
pumping station to stabilize the level of Spirit Lake. These activities were 
(1) largely financed by emergency funding and (2) based on limited data 
and information, as is common in emergency response situtations. Over 
the rest of the decade, planning focused on solutions for mitigating or 
managing longer-term issues in the watershed. Most notably, this included 
the creation of the Spirit Lake outflow tunnel and the SRS (discussed later 
in the chapter). 

Establishment of Mount St. Helens National Volcanic Monument 

The 110,000-acre (172-mi2 or 445-km2) Mount St. Helens National Vol-
canic Monument (the Monument) was established in August 1982 by 
President Ronald Reagan from lands within and adjacent to the GPNF, 
including areas that had been under ownership by the Weyerhaeuser Com-
pany and Burlington Northern Incorporated.10 The authorizing legislation 
(P.L. 97-243) explicitly stated that the Monument would be administered 
as “a separate unit within the boundary of the Gifford Pinchot National 
Forest” and managed “to protect the geologic, ecologic, and cultural re-

9 See Washington State Department of Commerce and Economic Development Research Divi-
sion, as cited by Oregon State University, “Cost of Volcanic Eruptions,” http://volcano.oregonstate.edu/
cost-volcanic-eruptions (accessed December 4, 2017); see also https://www.usitc.gov/publications/332/
pub1096.pdf.

10 See https://www.gpo.gov/fdsys/pkg/STATUTE-96/pdf/STATUTE-96-Pg301.pdf.
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sources, in accordance with the provisions of this Act allowing geologic 
forces and ecological succession to continue substantially unimpeded.”11 
Specific provisions and limitations regarding scientific study and research, 
recreational and interpretive facilities, timber harvesting, and hunting 
and fishing were defined, including several with potential relevance to 
the decision framework outlined in this report (see Box 3.2). Finally, the 
authorizing legislation stipulated that the secretary of agriculture would 
submit a detailed and comprehensive management plan for the Monument 
to the U.S. Senate Committee on Energy and Natural Resources and the 
U.S. House of Representatives Committees on Agriculture and on Interior 
and Insular Affairs. The resulting Mount St. Helens National Volcanic 

11 See https://www.gpo.gov/fdsys/pkg/STATUTE-96/pdf/STATUTE-96-Pg301.pdf.

BOX 3.2 
Administration of the Mount St. Helens National Volcanic Monument

Section 4 of P.L. 97-243, which authorized the Mount St. Helens National Volcanic Monument, 
made specific provisions regarding activities permitted within the Monument boundaries. Several 
of these provisions with potential relevance to the decision framework are excerpted here:
 
(a)  The Secretary acting through the Forest Service shall administer the Monument as a 

separate unit within the boundary of the Gifford Pinchot National Forest, in accordance 
with the appropriate laws pertaining to the national forest system, and in accordance 
with the provisions of this Act.

(b) (1)  The Secretary shall manage the Monument to protect the geologic, ecologic, and 
cultural resources, in accordance with the provisions of this Act allowing geologic 
forces and ecological succession to continue substantially unimpeded. 

 (2)  The Secretary may take action to control fire, insects, diseases, and other agents 
that might (A) endanger irreplaceable features within the Monument or (B) cause 
substantial damage to significant resources adjacent to the Monument. 

 (3)  Nothing in this Act shall prohibit the Secretary from undertaking or permitting those 
measures within the Monument reasonably necessary to ensure public safety and 
prevent loss of life and property. 
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(c)  The Secretary shall permit the full use of the Monument for scientific study and research, 
except that the Secretary may impose such restrictions as may be necessary to protect 
public health and safety and to prevent undue modification of the natural conditions of 
the Monument. 

(d)  In order to protect the significant features of the Monument, reduce user conflicts, and 
ensure visitor safety, the Secretary is authorized to control times and means of access 
and use of the Monument or parts thereof: Provided, that nothing in this section shall be 
construed as to prohibit the use of motorized vehicles, aircraft or motorboats for emer-
gency and other essential administrative services, including those provided by State and 
local governments, or when necessary, for authorized scientific research. 

(e) (1)  The Secretary shall provide for recreational use of the Monument and shall provide 
recreational and interpretive facilities (including trails and campgrounds) for the use 
of the public which are compatible with the provisions of this Act, and may assist ad-
jacent affected local governmental agencies in the development of related interpretive 
programs. 

 (2)  Except for roads needed for recreational and interpretive purposes as may be recom-
mended by the comprehensive management plan submitted in accordance with the 
provisions of subsection (i), roads or other developed facilities within the Monument 
should be located generally in areas which were developed prior to the 1980 eruption.

 Monument FEIS (Final Environmental Impact Statement) Comprehen-
sive Management Plan (CMP)12 has since been incorporated as a part of 
the GPNF Forest Plan.13 Consistent with the CMP, the USFS restricts 
public access to Spirit Lake and a 30,000-acre (47-mi2 or 122-km2) area of 
the North Fork Toutle River drainage. Off-trail travel is by permit only14 
to protect ongoing and future research opportunities in this most heavily 
impacted portion of the 1980 blast zone. The Monument has been a venue 
for research on ecological succession (e.g., papers in Dale et al., 2005a) as 
well as volcanic and seismic risks associated with Mount St. Helens. 

12 See http://www.fs.usda.gov/Internet/FSE_DOCUMENTS/fseprd500683.pdf.
13 See http://www.fs.usda.gov/Internet/FSE_DOCUMENTS/stelprdb5444081.pdf.
14 See http://www.fs.usda.gov/Internet/FSE_DOCUMENTS/stelprd3800649.pdf.
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Management of Spirit Lake and Its Outflow

As has been described earlier in this report, avalanche and pyroclastic flow 
deposits from the 1980 eruption blocked the natural pre-eruption outlet of 
Spirit Lake to the North Fork Toutle River valley, raising concerns about 
the possibility of an eventual catastrophic breach and flood caused by rising 
lake levels (e.g., Youd et al., 1981). A chronology of the response to these 
concerns can be constructed based on USACE (1982), GAO (1982), and 
Glicken et al. (1989):

1.  In the spring of 1982, the USFS organized a task force chaired 
by John Steward (USFS) and comprised of technical specialists 
from the USFS, the USACE, and the U.S. Geological Survey 
(USGS), as well as a member of the Cowlitz County Board of 
Commissioners. The goal of the task force, which was first con-
vened June 22, 1982, was to evaluate the flood hazards associated 
with Spirit Lake.

2.  On July 27, 1982, the task force issued an interim report recom-
mending that an “emergency schedule condition be declared with 
respect to the potential natural breaching of the Spirit Lake debris 
dam” (USACE, 1982: 3). 

3.  By August 1, 1982, the lake level had risen 54 feet (16.5 m) above 
that recorded for May 21, 1980, and the lake volume had increased 
115%.

4.  On August 2-3, 1982, Washington Governor John Spellman 
 declared a state of emergency for the Mount St. Helens area and 
sent a letter through the Federal Emergency Management Agency 
(FEMA) to President Reagan requesting that “an emergency be 
declared for Washington State as a result of the flood threat” 
( USACE, 1982: 3) and that federal aid be provided (Glicken et 
al., 1989). 

5.  In response to another recommendation of the USFS task force, 
Jeff Sirmon (Regional Forester, USFS Pacific Northwest Region) 
formally requested on August 4, 1982, that the USACE “assume 
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the lead role for work related to controlling the water release from 
Spirit Lake.” (USACE, 1982: Inclusion 2).

6.  On August 19, 1982, the president declared a federal state of emer-
gency regarding Spirit Lake under the Disaster Relief Act of 1974, 
directing FEMA to coordinate the federal response to the Spirit 
Lake emergency and authorizing use of the President’s Disaster 
Relief Fund to assist efforts to lower the lake’s level and lessen 
the flood threat (GAO, 1982). FEMA tasked the USACE with 
developing both interim and longer-term solutions to stabilize lake 
levels and address the threat of catastrophic flooding from a breach 
of the Spirit Lake blockage (USACE, 1982). The emergency 
declara tion for Spirit Lake has long since lapsed under conditions 
of the 1976 National Emergencies Act (NEA), which prevents 
open-ended emergencies by stating that actions activated by an 
emergency declaration expire if the president expressly  terminates 
the emergency or does not renew the emergency annually, or if 
each house of Congress passes a resolution terminating the emer-
gency. (Note that this later provision was modified in 1985.)

As an immediate response, in early November 1982, the USACE con-
structed an emergency pumping station that began to transfer water over 
the debris blockage and into the North Fork Toutle River, which allowed 
it to regulate the level of Spirit Lake until a permanent, stable outlet could 
be constructed. During the summer and fall of 1981, the USACE had 
also constructed outlet channels to control the levels of eruption- created 
impoundments in nearby Coldwater and Castle Lakes, both of which also 
drain into the North Fork Toutle River (USACE, 1983).

After the lake level was stabilized by pumping, the USACE assessed 
several alternatives for a longer-term outlet for outflow from Spirit Lake 
on the basis of criteria related to location within the Monument, construc-
tability, cost, and the ability to withstand impacts from future volcanic or 
seismic events due to the proximity of the volcano (Britton et al., 2016a). 
Alternatives included a buried conduit, an open channel, a tunnel (with 
several possible alignments, including outlets to watersheds other than the 
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Toutle), and a permanent pumping facility. The USACE concluded that 
the preferred alternative for a permanent Spirit Lake outflow was a buried 
conduit (USACE, 1984a). After consultation with other agencies, however, 
the eventual decision was to drill a gravity-fed drainage tunnel through 
Harry’s Ridge and into South Coldwater Creek and thence to the North 
Fork Toutle River. This tunnel option was favored over the buried conduit 
by a number of parties, including Governor Spellman, the Cowlitz County 
Board of Commissioners, and the USGS, because of uncertainties at the 
time concerning the integrity of the Spirit Lake debris dam. It was their 
opinion, as expressed by Governor Spellman, that: “In view of volcanic and 
seismic hazards, a tunnel provides greater flexibility and safety than either 
a buried conduit or an open channel through the debris dam” (USACE, 
1984b: 358).

Through terms laid out in a 1984 Temporary Land Use Agreement 
and a 1986 Interagency Agreement (USFS No. 86-06-59-01), the USFS 
and the USACE defined responsibilities for the operation, maintenance, 
and funding of the Spirit Lake tunnel and the Coldwater and Castle Lake 
outlets. The 1986 Interagency Agreement notes: 

The Corps of Engineers and the Forest Service recognize and agree 
that the jurisdiction and management responsibilities for the lands and 
related features within the Mount St. Helens National Volcanic Mon-
ument lie with the Forest Service. It is also recognized and agreed that 
the Corps of Engineers, having designed and constructed the emergency 
protective works at Spirit Lake, Castle Lake, and Coldwater Lake, 
has developed especial operational and engineering knowledge of these 
facilities. (2)

The tunnel connecting Spirit Lake and South Coldwater Creek was fin-
ished in May 1985. As outlined in the 1986 Interagency Agreement (USFS 
No. 86-06-59-01), the USACE was charged with performing operation 
and maintenance activities on the Spirit Lake tunnel and providing inspec-
tions and restoration of Spirit Lake project construction areas during the 
post-construction drawdown and monitoring period (through the end of 
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the 1986 fiscal year). In turn, the USFS agreed to accept responsibility for 
operation and maintenance of the Spirit Lake tunnel protective works upon 
completion of the facility and during the post-construction drawdown and 
monitoring period.

The longer-term management of Spirit Lake and the outflow  tunnel 
was also addressed in the 1986 Interagancy Agreement. Beginning in fiscal 
year 1987, the USACE agreed to (1) perform for the USFS all operation 
and maintenance activities, including monitoring and inspection, on the 
Spirit Lake tunnel and the Castle Lake and Coldwater Lake outlet  facilities, 
and (2) coordinate all extraordinary maintenance activities with the USFS 
to protect the resources and values of the Monument. In exchange, the 
USFS agreed to budget and allot funds in successive years to the USACE 
for all agreed-to services for the operation and maintenance, including 
monitoring and inspection, of the Spirit Lake tunnel. This arrange ment 
delineates responsibilities, but it has complicated management of the Spirit 
Lake outflow because the agency with the technical expertise for mainte-
nance and repair is not that which develops the necessary budget.

Sediment Management in the Toutle-Cowlitz River System

The 1980 eruption caused a large movement of sediment into surrounding 
watercourses, which affected shipping and raised concerns about the threat of 
flooding in downstream communities. The lahar and pyroclastic flows asso-
ciated with the eruption raised the level of the Cowlitz River approximately 
12 feet (4 m), and sediment filling the Columbia River prevented ships 
from reaching or leaving Portland for more than a week (USACE, 1983). 
The USACE was a key participant in emergency response efforts coordi-
nated by FEMA (see Box 3.3) (e.g., USACE, 1981). Under the  authority 
of P.L. 84-99, Flood Control and Coastal Emergencies (33 U.S.C. 701n), 
the USACE immediately responded to impacts of the eruption by dredging 
the clogged Cowlitz and Columbia River channels and raising and strength-
ening levees along the Cowlitz River (USACE, 2012). In an early effort 
to control sediment from the Toutle River, the USACE constructed small 
debris retention structures on both the North and South Forks in 1980 to 
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limit sediment flow into the main stem Toutle River. The structure on the 
North Fork Toutle River was intended to be in service through 1985, but of 
necessity it was breached by the USACE in March 1982 to prevent uncon-
trolled failure of the structure while the South Fork Toutle River structure 
was removed in November 1982 to facilitate fish passage (USACE, 2012). 
In 1983, Congress authorized additional interim protection measures (in-
cluding more dredging and sediment control structures) for the USACE to 
maintain at least 100-year flood-risk management levels along the Cowlitz 
River until an overall solution could be developed and implemented. From 
the time of the eruption until October 1985, the USACE spent more than 
$375 million for emergency actions (USACE, 1985).

Recognizing the expense that protracted emergency actions would 
impose on the federal government, President Reagan requested that the 
USACE prepare and evaluate alternative management strategies for deal-
ing with the movement of Mount St. Helens–related sediment through the 
Toutle-Cowlitz system in a 1982 memorandum to the secretary of defense 

BOX 3.3
Responsibilities of the U.S. Army Corps of Engineers

The responsibility of the U.S. Army Corps of Engineers (USACE) to respond to the 
Mount St. Helens emergency stemmed directly from its congressionally authorized 
mission (Willingham, 2005), which includes “deliver(ing) vital public and military 
engineering services” and “reduc(ing) risks from disasters.”a Located administratively 
within the U.S. Department of Defense, the USACE was created in the late 1700s and 
has always been involved in both civil public works and military construction. Among 
other things, they are responsible for surveying and improving the nation’s rivers and 
harbors to benefit navigation; the development of flood control projects, including levees 
and dams; and the planning and implementation of water resource development and 
conservation projects on major waterways. Given these tasks, the collective expertise 
of the USACE in the planning, construction, operation, and maintenance of water 
resource projects is considerable.

aSee http://www.usace.army.mil/About/Mission-and-Vision.
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(USACE, 1984b). From 1983 to 1985, the USACE assessed alternatives 
for longer-term sediment management, including plans involving dredg-
ing, levee raises, and the construction of one or more sediment retention 
structures. Results of an initial analysis were presented in A Comprehensive 
Management Plan for Responding to the Long-term Threat Created by the 
Eruption of Mount St. Helens (USACE, 1983); this report was followed 
by the subsequent environmental impact statement, Mount St. Helens, 
Washington, Feasibility Report and Environmental Impact Statement, Toutle, 
Cowlitz and Columbia Rivers (USACE, 1984b), and the final decision doc-
ument, Mount St. Helens, Washington, Decision Document, Toutle, Cowlitz 
and Columbia Rivers (USACE, 1985). Central to the final decision were 
(1) the development of a sediment budget for the Toutle River system 
and longer-term estimates of the sediment yields and (2) comparisons of 
the projected environmental effects and estimated costs of the different 
alternatives. Of particular importance were calculated threshold values for 
expected sediment yield that would favor a dredging alternative versus the 
construction of a single sediment retention structure. It is worth noting that 
even today there is a relatively high degree of uncertainty regarding future 
sediment yield from the debris avalanche, in terms of both total yield and 
variability of yield (Britton et al., 2016b). 

Long-term sediment control facilities were authorized under the Sup-
plemental Appropriations Act of August 15, 1985 (P.L. 99-88). A major 
component of the USACE’s long-term plan was the construction of a 
single SRS upstream of the confluence of the Toutle and Green Rivers 
to reduce downstream sediment transport and deposition (see Figure 1.2 
for location). The lands necessary for the SRS and its sediment retention 
area were condemned through actions of the Washington Department of 
Transportation, and the SRS was constructed from 1987 to 1989 on the 
North Fork Toutle River (USACE, 2012). The USACE retains ownership 
of the SRS structure itself, but most of the sediment plain behind the dam 
is under ownership by the State of Washington. Construction of the SRS 
was just one component of several strategies implemented by the USACE 
to mitigate the flood risk to downstream communities, as identified in the 
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1985 Mount St. Helens, Washington, Decision Document, Toutle, Cowlitz and 
Columbia Rivers (USACE, 1985). 

Several final points are worth noting regarding USACE involvement 
in management of the Toutle-Cowlitz system, all of which are discussed 
in USACE (2012: 1-3). First, continued work on the Mount St. Helens 
project is accomplished under the existing open construction project that 
was originally authorized in August 1985 with a 50-year project life. Sec-
ond, Congress directed the USACE to maintain authorized flood damage 
reduction benefits for the Longview, Kelso, Lexington, and Castle Rock 
levees along the Cowlitz River (see also USACE, 1985). Subsequent lan-
guage in Section 339 of the Water Resources Development Act of 2000 
authorized the USACE to maintain these flood damage reduction benefits 
through the end of the Mount St. Helens project planning period (2035). 
Finally, the State of Washington is the nonfederal sponsor of the project 
with cost-sharing requirements that were outlined in a 1986 Local Coop-
eration Agreement between the Department of the Army and the State of 
Washington and Cowlitz County diking districts.

ONGOING MANAGEMENT SETTING (1990-PRESENT)

The Toutle River valley has relatively few residents living in the unincor-
porated communities of Kid Valley, Riverdale, Toutle, and Silver Lake. 
Downstream of the confluence of the Toutle and Cowlitz Rivers, the pop-
ulation rises to about 50,000 in the communities of Castle Rock, Kelso, 
and Longview. Efforts taken in the decade following the 1980 eruption to 
control the level of Spirit Lake and to minimize the downstream impacts of 
sediment and chronic and catastrophic flood risk have continued through 
maintenance, minor modifications, and repairs to the same structures over 
the last 25-30 years. These are documented in the sections below. 

Longer-Term Management of Spirit Lake and the Spirit Lake Outflow

Current management responsibilites for the Spirit Lake outflow tunnel 
remain divided between the USFS and the USACE and largely reflect 
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decisions and agreements made more than 30 years ago. As per terms of 
the 1986 Interagency Agreement between the USFS and the USACE 
(USFS No. 86-06-59-01), the USACE was responsible for tunnel opera-
tion and maintenance while the USFS was responsible for budgeting and 
allotting funds for routine operation and maintenance of the tunnel as 
well as emergency repairs. In 2013, representatives of the USFS and the 
USACE signed Interagency Agreement 13-IA-11060300-004, which 
reaffirmed that 

The Corps will perform operation and maintenance activities, in-
cluding monitoring and inspection, on the Spirit Lake protective 
works . . . and coordinate all extraordinary maintenance activities 
with the Forest Service in order to protect the resources and values of 
the Mount St. Helens National Volcanic Monument. . . . The Corps 
will provide the Forest Service with recommendations on operation 
and maintenance needs and perform operation and maintenance work 
that is funded by the Forest Service. If the need arises, the Corps and 
Forest Service will meet annually or when required to define the op-
eration and maintenance work to be performed by the Corps on the 
Spirit Lake Tunnel and lake blockages. . . . The USACE is the parent 
agency having designed, constructed, and maintained the tunnel since 
its creation. Their continuing involvement is an expedient way for the 
Forest Service to maintain on-the-ground knowledge for this structure. 

There have been two recurring problems associated with operation of 
the Spirit Lake outflow tunnel, the first of which has involved the need for 
tunnel repairs, particularly in the area where the tunnel cuts across what is 
known as the Julie and Kathy L. shear zone. The USACE has conducted 
routine annual inspections since the Spirit Lake tunnel was completed in 
1985. As described in Chapter 2, these inspections have resulted in several 
localized repairs to the tunnel (Britton et al., 2016a), but more problems 
were encountered in 1992 and 2014-2015 (with associated repairs being 
completed in 1996 and 2016, respectively). Funding for such repairs must 
be secured by the USFS, while the necessary work must be coordinated 
with the USACE. Repairs since the tunnel’s construction have imposed 
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 cumulative costs of roughly $7 million, including roughly $3 million 
( Britton et al., 2016a) for the most recent 2015-2016 repairs.

The second recurring issue with the Spirit Lake outflow tunnel involves 
operations and maintenance of the tunnel intake. Spirit Lake contains a 
significant amount of floating, semi-submerged, and sunken wood debris 
as a result of the 1980 eruption. High winds can push a raft of floating 
wood debris such that it collects at the tunnel intake and restricts the only 
outlet for the lake. If such a blockage were to cause lake levels to rise to an 
unsafe level, the lake could breach the blockage, resulting in catastrophic 
flooding downstream. The USACE assessed options for managing wood 
blockages in the lake, with alternatives being compared on the basis of 
environmental constraints, material logistics, equipment concerns, long-
term maintenance, constructability, aesthetics, risk, and costs (USACE, 
2009). The recommended method to manage the debris was to monitor 
the degree of blockage and periodically remove the debris from the intake 
channel when data indicate there is a blockage problem. 

These two issues (conducting tunnel repairs and maintaining the tunnel 
inflow) raise an additional concern that is relevant in the decision-making 
process. Access to the tunnel intake for management activities (including 
opening and closing the gates as well as conducting wood removal) can 
be dangerous, particularly during bad weather and the winter months, a 
concern that was voiced by USFS personnel during the committee’s open 
session meetings held for this project. The resulting operational risk to 
personnel (or decisions that reduce that risk) needs to be considered as part 
of the final decision-making framework.

The Toutle River System and Sediment Retention Structure

In 1985, the USACE developed a 50-year plan to manage sediment 
asso ciated with the 1980 eruption of Mount St. Helens and to main-
tain  authorized flood risk levels along the Cowlitz River (Britton et al., 
2016b). The main feature of this plan was the SRS on the North Fork 
Toutle River (USACE, 1985). When the SRS was completed, flow was 
initially constrained through an outlet works structure within the SRS; as 
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sediment accu mulated behind the SRS, rows of increasingly higher out-
let works pipes were buried and closed (USACE, 2012; see Figure 3.2). 
The outlet works pipes were completely blocked by sediment by 1998 at 
which point all flow began passing over the spillway. The result was that 
a significantly larger amount of sediment began passing the structure, the 
coarser sandy fraction of which was deposited downstream in the Toutle 
and Cowlitz Rivers where it had the potential to increase flood risk and 
affect shipping. In response to bathymetric survey data indicating that 
accumulated sediment had begun to impact the authorized levels of pro-
tection for Longview, the USACE dredged the lowest 5.7 miles (9.2 km) 
of the Cowlitz River from 2007 to 2008 (USACE, 2014). Higher-than- 
projected sediment accu mulation resulted in the SRS beginning to fill by 
2012 (USACE, 2012).

Confronted by increased sediment delivery through the SRS, yet 
 authorized to maintain levels of flood protection identified in 1985 for 
 Castle Rock, Lexington, Longview, and Kelso on the Cowlitz River through 
the year 2035 by the Water Resources Development Act of 2000 (section 

FIGURE 3.2 Rows of increasingly higher outlet works pipes on the SRS as seen from 
the downstream side of the SRS in the late 1980s or early 1990s, prior to the outlet 
pipes becoming buried on the upstream side of the structure. As the pipes were blocked 
on the upstream side of the SRS, water and fine-grained sediments passed through suc-
cessively higher pipes until the SRS reached capacity in 1998. Water now bypasses this 
structure and flows over the spillway (see Figure 3.3). SOURCE: Paul Sclafani, USACE.
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Location of Spillway
(Enlarged in bottom picture)

Stored 
SedimentsSRS

Access
Road

Eastern Edge of
Sediment Dam

Stored Sediments

Spillway

Location of Original
Outflow Pipes
(Shown in Figure 3.2)

FIGURE 3.3 (Top) Aerial photo showing the sediment retention structure (SRS) and the 
accumulation of sediment in the sediment plain upstream of the structure in the summer 
of 2016. The yellow square indicates the spillway location. (Bottom) A close-up of the 
SRS spillway. The ponded water to the left of the spillway is the location of the original 
SRS outflow (see Figure 3.2). SOURCES: Imagery © 2017 Digital globe; Landsat/
Copernicus, State of Oregon, U.S. Geological Survey, USDA Farm Service Agency; 
Map data © Google.
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339),15 the USACE began to evaluate corrective measures for managing 
sediment. In 2004, the USACE, the USGS, the USFS, and the WDFW 
began meeting to discuss options for additional sediment control (Dale et 
al., 2005b). Three alternatives were deemed capable of maintaining the 
 authorized flood risk levels along the Cowlitz River: (1) a single large 
raising of the SRS, (2) a dredging program in the Cowlitz River, and (3) a 
phased approach involving three incremental SRS spillway raises coupled 
with the construction of grade building structures in the sediment plain 
above the SRS and with dredging on an as-needed basis (USACE, 2011; 
Britton et al., 2016b). The phased approach was selected as the least costly 
and most adaptable alternative, and the USACE constructed a 7-foot-high 
(2.1-m) concrete sill to raise the elevation of the SRS spillway in 2012 
 (USACE, 2012). The USACE sediment management alternatives would 
“address the changes to the affected environment that have occurred since 
the original EIS was written and evaluate the potential environmental 
impacts of each of the proposed long-term sediment management alter-
natives” (USACE, 2012: ES-7). An initial Draft Supplemental Environ-
mental Impact Statement (DSEIS) was released for public review and 
comment on August 22, 2014 (USACE, 2014). Consultation between the 
USACE and the National Marine Fisheries Service (NMFS) delayed final-
izing the SEIS. Finally, in August 2017, the NMFS provided a biological 
opinion in which it concluded that the USACE needed to improve fish 
passage at the SRS. The USACE prepared a revised DSEIS to evaluate 
alternatives for managing sediment as well as improving fish passage; it 
was released on September 15, 2017, and open for public comment until 
November 6, 2017 (USACE, 2017) (see also Box 3.4).

The WDFW Fish Collection Facility and Mount St. Helens Wildlife Area 

Rivers near Mount St. Helens have been managed by the WDFW and its 
predecessor agencies for decades, with emphasis on (1) the management 
of salmon, steelhead, and trout species for sport harvest and (2) assuring 

15 See https://www.gpo.gov/fdsys/pkg/PLAW-106publ541/content-detail.html.
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adequate reproduction of wild fish stocks, some of which were harvested 
at sea or in the Columbia River (Bisson et al., 2005) (see Box 3.5). Fish 
species listed on the ESA are of primary management importance, in-
cluding threatened and endangered salmon and steelhead species ( winter 
steelhead [Oncorhynchus mykiss] and coho salmon [Oncorhynchus kisutch]; 
spring and fall  Chinook salmon [Oncorhynchus tshawytscha]; and chum 
salmon [ Oncorhynchus keta]) (USACE, 2007), as well as eulachon (Thale-
ichthys pacificus), which was listed as threatened for the Southern Distinct 
Population Segment in 2010.16 The greatest production of eulachon within 
the conterminous United States originates in the Columbia River basin, 
and the major and most consistent spawning runs return to the main stem 

16 See https://www.gpo.gov/fdsys/pkg/FR-2011-04-13/pdf/2011-8822.pdf.

BOX 3.4
Mount St. Helens Long-Term Sediment Management Plan:  
Revised Draft Supplemental Environmental Impact Statement

The sediment retention structure (SRS) was constructed to trap sediment eroding from the debris 
avalanche on Mount St. Helens in an effort to reduce flood risk to communities along the 
lower Cowlitz River. It has been successful in doing so, but enough sediment has accumulated 
behind the SRS that it currently operates as a run-of-the-river dam, allowing more sediment 
to be transported downstream. Despite the SRS spillway having been raised by 7 feet (2.1 m) 
in 2012 to increase its sediment storage capacity, additional management actions have 
been deemed necessary by the USACE to manage downstream flood risks. To this end, the 
USACE conducted a limited reevaluation of sediment management alternatives in the North 
Fork Toutle River, including a “no action” alternative, a dredging-only alternative, a one-time 
raise of the entire SRS spillway by 43 feet (13.1 m), and a “phased construction” alternative 
that would involve two incremental raises of the SRS spillway totaling 23 feet (7 m) coupled 
with dredging in the lower Cowlitz River and the construction of grade building structures 
within the sediment plain, as needed (USACE, 2014). The latter option was selected as the 
preferred alternative. 

The Draft Supplemental Environmental Impact Statement (DSEIS) was released on 
August 22, 2014, for public comment, which ran until October 21, 2014. The USACE 
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Columbia River and the Cowlitz River.17 Management of these species by 
the WDFW in the Toutle River watershed with respect to the effects of the 
1980 eruption has focused heavily on two related issues: (1) the alteration 
of aquatic habitat by the eruption and (2) the ecological consequences of 
sediment management, especially construction of the SRS on fish passage.

As described in Chapter 2, environmental changes caused by the 1980 
eruption devastated fish populations in the Toutle and Cowlitz Rivers. 
Small numbers of adult salmon and steelhead managed to navigate and 
 return in 1980 and 1981, but recreational fisheries for salmon and wild 
steelhead were closed immediately after the eruption and not reopened 
 until 1987 (Bisson et al., 2005). Juvenile salmonids were found in tribu-

17 See http://www.westcoast.fisheries.noaa.gov/protected_species/eulachon/pacific_eulachon.html.

made changes to the content of the DSEIS in response to public comments and to include 
measures to reduce impacts to species listed under the Endangered Species Act. In response 
to concerns raised by the National Marine Fisheries Service (NMFS), the USACE evaluated 
the potential environmental effects of fish conservation alternatives to ensure that the sediment 
management alternatives do not jeopardize the continued existence of any endangered or 
threatened species or result in the destruction or adverse modification of designated critical 
habitat. The Fish Conservation Measure Alternatives considered included (1) constructing a 
new Fish Collection Facility at the location of the existing facility and establishing a new fish 
release site or (2) upgrading the existing Fish Collection Facility to meet current design criteria 
and establishing a new fish release site on Deer Creek, a tributary of the upper North Fork 
Toutle River upstream of the SRS. Measures considered but dismissed included removing the 
SRS, the construction of a modified spillway that would facilitate volitional fish passage, and 
the implementation of measures to maintain or improve conditions for juvenile salmonids to 
migrate downstream through the sediment plain and over the SRS spillway. The final revised 
DSEIS (USACE, 2017) was released on September 15, 2017, after this report had been sent 
for external review; therefore, it was not available during the committee’s deliberation, and 
the committee did not have time to consider or assess the information and cannot make any 
determination regarding its adequacy and accuracy. Nevertheless, any consideration of 
management activities related to the Spirit Lake and Toutle River system should be informed 
by a thorough review of the revised DSEIS.
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taries throughout the South Fork Toutle River watershed and tributaries 
of the North Fork Toutle River except those draining the landslide debris 
flow areas within 5 years of the eruption. Anadromous salmon populations 
below the SRS have grown due to returns of ocean-rearing individuals that 
were not affected by the eruption, straying from nearby populations, and 
reintroduction efforts by the WDFW (Liedtke et al., 2013). Hatcheries 
have had an important role in maintaining a number of fish populations 
in the Toutle and Cowlitz Rivers for decades, and salmon and steelhead 
production in the lower Columbia River subbasin is currently dominated by 
fish produced in more than 20 salmon and steelhead hatcheries in the re-
gion. These fish are produced for sport and commercial harvest, to supple-
ment natural production, and as a conservation bank for severely depleted 
populations. Current North Toutle Hatchery release goals are 2.5 million 

BOX 3.5
Washington Department of Fish and Wildlife

Tracing its roots to the appointment of the first fish commissioner by Governor Elisha 
Ferry, the Washington Department of Fish and Wildlife (WDFW) operates under a 
dual mandate in which it serves Washington’s citizens “by protecting, restoring and 
enhancing fish and wildlife and their habitats, while providing sustainable fish and 
wildlife-related recreational and commercial opportunities” (Calkins, 2006: 3). To 
achieve its mission, the WDFW focuses its activities on four goals: (1) conserving and 
protecting native fish and wildlife species, (2) providing sustainable fishing, hunting, 
and other wildlife-related recreational and commercial experiences, (3) promoting a 
healthy economy, protecting community character, maintaining an overall high quality 
of life, and delivering high-quality customer service, and (4) building an effective and 
efficient organization by supporting the state’s workforce, improving business processes, 
and investing in technology.a Department policy is guided by the Washington Fish and 
Wildlife Commission, which is composed of nine citizen members appointed by the 
governor, and department operations are led by a director (appointed by the Fish and 
Wildlife Commission) and an executive management team.b

aSee http://wdfw.wa.gov/about/mission_goals.html.
bSee http://wdfw.wa.gov/about. 
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sub-yearling fall Chinook salmon, 800,000 early-stock coho salmon smolts, 
and (from the Skamania Hatchery) 50,000 summer steelhead smolts 
 (USACE, 2017). As habitat and fish populations have recovered, however, 
debates have arisen over the practice of stocking hatchery-raised fish in 
the North Fork Toutle–Green River system.18 Additional information on 
hatchery-related issues is summarized in Box 3.6 and discussed in greater 
detail in the Washington Lower Columbia Salmon Recovery and Fish and 
Wildlife Subbasin Plan (LCFRB, 2010).

The second fish species management issue involves methods used to 
manage eruption-related sediment. The design of the SRS is too high to 
include a fish ladder, and the SRS is a barrier to upstream volitional fish 
passage, preventing migration of species back into the North Fork Toutle 
River and its tributaries. As defined by the USFWS,19 volitional means that 
fish are able to migrate around a dam or structure through an upstream 
fish ladder or downstream bypass system as opposed to being trapped and 
hauled around the structure or attempting to move through hydropower 
turbines where many would be killed. Volitional fishways allow anadro-
mous fish to migrate when they are physiologically ready and to imprint 
on the streams and river during their migration downriver. Species that 
have been particularly impacted by the SRS in the Toutle River system 
include Chinook and coho salmon, steelhead, sea-run cutthroat trout, and 
nongame species such as minnow and suckers (Bisson et al., 2005). 

To mitigate impacts to fish passage from the original construction of 
the SRS, in the late 1980s the USACE funded habitat enhancements that 
included construction of a trap-and-haul Fish Collection Facility (FCF) 
on the North Fork Toutle River 1.3 miles (2 km) downstream from the 
SRS (see Figure 3.1 for location); the development of off-channel rearing 
areas for Cowlitz River coho salmon; and hatchery supplementation at the 
North Toutle Hatchery on the Green River to raise coho salmon and both 
spring and fall Chinook salmon (USACE, 2007). Adult steelhead and coho 
salmon are collected by diverting a portion of the river below the FCF 

18 See http://tdn.com/news/local/anglers-protest-state-plan-to-remove-hatchery-fish-from-
green/article_7a76805e-7a62-11e3-8ac3-0019bb2963f4.html.

19 See https://www.fws.gov/yreka/hydrofaqs.html.
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BOX 3.6
Hatchery-Raised Fish in the Toutle River System

Discussions concerning the use of hatchery-raised fish as mitigation for obstructions to 
fish passage and habitat loss go back more than a century, but they could be relevant 
when implementing the decision framework for actions to be taken in the Spirit Lake and 
Toutle River system. The WDFW and the National Marine Fisheries Service (NMFS) use 
information from hatchery and genetic management plans to evaluate hatchery impacts 
on salmon and steelhead listed under the Endangered Species Act in an effort to devise 
biologically based hatchery management strategies that provide for sport harvesting 
while ensuring the conservation and recovery of these species’ populations.a Both the 
WDFW and the NMFS are focused on helping stocks of wild fish recover because they 
are believed to be more resilient than are fish raised in hatcheries. The WDFW formally 
adopted a Statewide Steelhead Management Plan in 2008 that proposed the develop-
ment of a network of wild steelhead gene banks, and the North Fork Toutle River and 
its tributary the Green River have been cited as potential wild steelhead sanctuaries.b

As with other conservation-centered issues, the debate over hatchery-raised 
anadromous fish transcends biological issues to involve cultural and economic values 
as well as competing political goals, with passionate advocates on both sides.b It is 
even possible to support conflicting values and goals: for example, valuing the intrinsic 
worth of wild-raised fish as components of natural ecosystems, yet acknowledging that 
hatchery-raised fish have long been a significant and necessary part of the Toutle River 
system, particularly following the depletion of native stocks due to unsustainable com-
mercial and recreational fishing more than 50 years ago. In addition, while much has 
been learned recently about hatchery effects and how to mitigate them (e.g., NRC, 2004, 
2012a), there are still many unknowns with regard to preventing adverse ecological 
and genetic effects of hatcheries, and in many cases, hatcheries may be necessary for 
managing and maintaining anadromous fisheries. If improved sportfishing in the upper 
Toutle River is identified as an important goal during the decision-making process, the 
feasibility and costs of reaching that goal may need to consider not only fish passage 
and habitat but also the issue of wild versus hatchery raised fish.

aSee http://wdfw.wa.gov/hatcheries/hgmp/pdf/lower_columbia/ntoutle_types_coho_2014.pdf; 
http://wdfw.wa.gov/hatcheries/hgmp/pdf/lower_columbia/ssthd_ntoutle_2012_final.pdf; and 
http://wdfw.wa.gov/hatcheries/hgmp/pdf/lower_columbia/ntoutle_fa_chin_2014.pdf.
bSee http://tdn.com/news/local/anglers-protest-state-plan-to-remove-hatchery-fish-from-green/
article_7a76805e-7a62-11e3-8ac3-0019bb2963f4.html.
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into a fish ladder whence they move up into a collection pond. Fish are 
then moved into tanks on trucks and taken to upstream release locations. 
The FCF was subsequently turned over to the State of Washington and is 
operated and maintained by the WDFW.

Although the trap-and-haul program associated with the FCF has 
 allowed wild coho salmon and steelhead populations to persist in the North 
Fork Toutle River basin, it has had limited effectiveness for roughly a  decade 
because many of the original fish-handling features became inoperable 
through time due to the high sediment load of the Toutle River and because 
of limited staffing (Liedtke et al., 2013). The trap-and-haul program has 
become a labor-intensive operation for the WDFW, and in recent years, 
WDFW biologists, Cowlitz evaluation program staff, the Cowlitz Indian 
Tribe, and dedicated local volunteers have operated the facility (AMEC, 
2010). A study conducted from 2005 to 2009 and involving the use of 
radio-tagged fish has recently provided the first empirical data on adult 
salmon and steelhead behavior and movement patterns in the Toutle River 
since the 1980 eruption; this study found that (1) the SRS spillway served 
as a complete migration barrier for all coho salmon and all but 3 of the 23 
released steelhead; (2) a large percentage of tagged steelhead released into 
the SRS sediment plain (69%) could move upstream to potential spawning 
areas, although success was much lower for coho salmon; (3) the FCF was 
not efficient at collecting adult salmon; and (4) none of the tagged fish re-
leased in the tributaries where trap-and-haul fish were commonly released 
left those tributaries (Liedtke et al., 2013). These results collectively under-
score the challenge that the SRS and its associated sediment plain pose for 
fish passage into the upper North Fork Toutle River.

Currently, upstream volitional fish passage is blocked downstream of 
the SRS by the barrier dam at the FCF as well as by the head cut at the 
base of the spillway channel (USACE, 2017), while upstream migration 
from the North Fork Toutle River into Spirit Lake is completely blocked by 
the debris avalanche and the Spirit Lake tunnel. Downstream migration of 
outgoing smolts has been less frequently addressed, but it is still an issue for 
young fish hatched upstream of the SRS. For example, the hydraulic design 
goals associated with the 2012 SRS spillway raise included maintenance of 

http://www.nap.edu/24874


A Decision Framework for Managing the Spirit Lake and Toutle River System at Mount St. Helens

Copyright National Academy of Sciences. All rights reserved.

110

M A N A G I N G  T H E  S P I R I T  L A K E  A N D  T O U T L E  R I V E R  S Y S T E M

downstream fish passage and the promotion of a separated and vegetated 
floodplain terrace in the flat sediment plain above the spillway (Britton et 
al., 2016b). If restoring volitional fish passage in the North Fork Toutle 
River system is identified as a management objective for this project, then 
decision makers and managers will need to assess how different actions, 
either at the SRS or Spirit Lake, affect fish migration.

A number of issues and approaches for restoring or enhancing voli-
tional fish passage at the SRS were discussed in the final revised DSEIS for 
the Mount St. Helens Long-Term Sediment Management Plan (USACE, 
2017) (see Box 3.4). Two basic and relevant conclusions of that report and 
the NMFS biological opinion that informed it are that (1) future modifica-
tions of the SRS spillway would likely be required to facilitate fish passage 
through the spillway channel to allow individuals to move upstream into 
the sediment plain and (2) raising the SRS could potentially harm out- 
migrating juvenile Coho salmon and steelhead because the raise would 
result in increased sediment storage upstream of the SRS, which would also 
adversely modify the physical and biological features that contribute to the 
migratory pathway component of designated critical habitat. Those con-
clusions and the information used to support them, however, need to be 
further assessed and validated because the final revised DSEIS was not re-
leased in time to inform deliberations for the present report. Furthermore, 
any actions to restore volitional fish passage all the way to and from Spirit 
Lake (e.g., through creation of an overland channel) need to consider the 
full range of impediments to fish passage, including those imposed by the 
Fish Collection Facility, the SRS, the SRS sediment plain, and the feature 
used to provide outflow for Spirit Lake.

Apart from operating the Fish Collection Facility, the WDFW man-
ages the Mount St. Helens Wildlife Area (MSHWA), established in 1990 
to protect elk winter range on the North Fork Toutle River mudflow that 
resulted from the 1980 eruption.20 Most of the 2,744 acres (1,110 hectares) 
comprising the MSHWA were acquired through a land exchange with the 
Weyerhaeuser Company, with assistance from the Rocky Mountain Elk 

20 See http://wdfw.wa.gov/lands/wildlife_areas/mount_saint_helens.
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Foundation; in exchange, the WDFW traded two parcels in Cowlitz and 
Yakima Counties for 2,212 acres (Calkins, 2006). More recently, a 2009 
land transfer from the Washington State Department of Transportation 
expanded the wildlife area to its current size. The MSHWA is bordered 
by Weyerhaeuser lands on the north, WADNR lands to the south, and the 
Mount St. Helens National Volcanic Monument to the east (see Figure 3.1). 

The initial management plan for the MSHWA was drafted in 1990 by 
a team of WDFW scientists, managers, and enforcement personnel because 
there were no new additional state funds allocated for management of the 
new wildlife area. (Note that development of the initial management plan 
is detailed in Calkins [2006], from which the following summary is drawn.) 
The 1990 Management Plan stressed two broad objectives: (1) “protecting 
and improving lands and water habitats to assure optimal number, diver-
sity and distribution of wildlife for the welfare of the people of Washing-
ton state,” and (2) “providing the highest quality wintering elk habitat in 
the North Fork Toutle River drainage while allowing public viewing and 
limited recreation” (Calkins, 2006: 42). Extensive efforts have thus been 
made to improve elk winter forage, including erosion control, weed control, 
fertilization and vegetation plantings, and a winter feeding program, when 
necessary.21 Furthermore, while the focus of the MSHWA as outlined in 
the 1990 Management Plan was on the protection and management of 
elk that spend their winters in the Toutle River valley, the implementation 
of habitat management measures that contribute to the recovery of fish 
populations in the Toutle River basin was added as a central management 
objective for the MSHWA in the 2006 Mount St. Helens Wildlife Area 
Plan. In particular, recovery of fish species protected under the ESA is a 
key statewide and regional goal of the WDFW. 

INTERESTED AND AFFECTED PARTIES

Management of the Spirit Lake and Toutle River system as defined 
in this report will necessarily involve consideration of the safety of 

21 See http://wdfw.wa.gov/publications/00480/mt_st_helens_2014update.pdf.
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the downstream communities, the protection of the local and regional 
ecology and economic activities, and other considerations. Because the 
Spirit Lake and Toutle River system encompasses public and private 
lands, no single entity is responsible for management of the entire sys-
tem. Furthermore, as described earlier in this report, public landowners 
have distinct and sometimes contradictory public service missions and 
mandates. Members of the public served by those agencies are affected 
directly or indirectly by the management of the system. They may also 
have specialized knowledge about the system that might be useful to 
inform decisions—for example, from their observations of the behavior 
of fish and other species affected by ecological changes. These people will 
likely have a wide array of priorities that need to be addressed in some 
way during the decision-making processes, both to facilitate acceptance 
and implementation of decisions and to arrive at decisions that take into 
account all relevant knowledge.

Interested and affected parties are the agencies, individuals, organi-
zations, institutions, groups, and communities that may be making or are 
affected directly or indirectly by a given set of decisions. Decision makers 
are also considered interested and affected parties because they, too, have 
an interest in the results and are affected by the outcomes of their deci-
sion. Parties may be affected by various combinations of statutory, legal, 
and administrative choices, which may in turn raise economic, political, 
and sociocultural concerns. Moreover, different concerns may be salient 
for different groups. While the regulatory and management concerns and 
responsibilities of responsible agencies may be assumed a priori on the basis 
of their statutory foundations, understanding the range of concerns of other 
interested and affected parties that need to be considered during decision 
making requires empirical efforts. Such efforts may include studies to iden-
tify the parties’ concerns, sometimes called stakeholder analyses; partici-
patory processes that allow the parties to express their concerns directly 
to responsible agencies; or combinations of these approaches. Consciously 
seeking to understand the diversity of interests affected by management 
decisions may allow decision makers to better account for stakeholder con-
cerns and minimize post-decision conflicts. 
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The two agencies explicitly charged with managing those lands and 
features of the Spirit Lake and Toutle River system most relevant for this 
decision-making process are the USFS and the USACE. Their roles are 
diverse and have been discussed throughout this chapter, but they stem 
directly from the agencies’ responsibilities for managing the Monument, 
the level of Spirit Lake, the functions of the current Spirit Lake outflow 
tunnel, the SRS, levees along the lower Cowlitz River, and other aspects of 
the system related to sediment and water management. With respect to the 
decision framework addressed in this report (see Chapters 6-8), interested 
and affected parties include additional public agencies and groups at a range 
of political scales (federal, tribal, state, and local) as well as stake holders from 
the private sector; these are described in the following sections.

Federal Agencies 

Federal agencies beyond the USFS and the USACE might be consid-
ered interested and affected parties with respect to the management of the 
Spirit Lake and Toutle River system. The USGS, located within the U.S. 
Department of the Interior, is a research organization with no regulatory 
responsibility. Legislation passed by Congress in 1974, however, made 
the USGS the lead federal agency responsible for providing reliable and 
timely warnings of volcanic hazards to state and local authorities.22 Under 
this mandate and recognizing the need to continue surveillance of Mount 
St. Helens, the USGS created the David A. Johnston Cascades Volcano 
Observatory (CVO) in Vancouver, Washington—part of the larger USGS 
Volcano Hazards Program—to develop and maintain a network to track 
volcanic and seismic activity.23 Scientists from the CVO have studied many 
aspects of the Mount St. Helens system since the 1980 eruption, and they 
work closely with scientists from other agencies, including the USFS and 
the USACE, to provide technical advice and hazard warnings to local, 
state, and federal stakeholders.24 

22 See https://pubs.usgs.gov/gip/msh/scientists.html.
23 See https://volcanoes.usgs.gov/observatories/cvo/cvo_about.html.
24 See https://volcanoes.usgs.gov/observatories/cvo/cvo_about.html.
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Certain management decisions regarding the Spirit Lake and Toutle 
River system would necessarily involve other federal agencies if they trig-
ger actions under provisions of the Endangered Species Act, the National 
Environmental Policy Act, or other federal environmental legislation. The 
act (ESA 16 U.S.C. § 1531 et seq.)25 was signed in 1973 to protect and 
recover imperiled species and the ecosystems upon which they depend. It 
is administered by the U.S. Department of the Interior’s U.S. Fish and 
Wildlife Service (USFWS), which has primary responsibility for terres-
trial and freshwater organisms, and the Commerce Department’s National 
 Marine Fisheries Service, which has primary responsibility for marine 
wildlife, including anadromous fish such as salmon and steelhead,26 both 
of which are historic components of the Toutle River system. Furthermore, 
the NEPA (NEPA, 42 U.S.C. 4321 § et seq.),27 signed in 1970, requires 
all federal agencies to conduct detailed evaluations (i.e., environmental 
assessments and environmental impact statements) of the environmental 
impact of and alternatives to major federal actions significantly affecting 
the environment.28 The NEPA process, which is overseen by the Presi-
dent’s Council on Environmental Quality and may involve organizations 
such as the U.S. Environmental Protection Agency, mandates that agen-
cies provide opportunities for public review and comment on those evalu-
ations. Other relevant legislation could include (1) the Magnuson-Stevens 
Fishery Conservation and Management Act and its amendment; (2) the 
Sustainable Fisheries Act of 1996, which establishes requirements for 
essential fish habitat for commercially important fish; and (3) the Fish 
and Wildlife Coordination Act of 1934, which requires federal agencies 
involved in water resource development to consult with the USFWS and 
state agencies administering wildlife resources concerning proposed ac-
tions or plans (USACE, 2012). 

25 See https://www.fws.gov/endangered/esa-library/pdf/ESAall.pdf.
26 See https://www.fws.gov/endangered/laws-policies/index.html.
27 See https://ceq.doe.gov/laws_and_executive_orders/the_nepa_statute.html.
28 See https://www.epa.gov/nepa/what-national-environmental-policy-act.
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Tribal Nations

Native Americans have lived in and influenced the ecology of the region for 
more than 6,000 years, hunting and later gathering food and other neces-
sities from the area surrounding Mount St. Helens. The forest’s resources 
allowed larger, more settled populations, and people began to manage the 
landscape more actively (e.g., by burning) for game and other food.29 An 
estimated 6,000 members of the Cowlitz Indian Tribe lived in about 30 
villages along the Cowlitz River and its tributaries at the time of their first 
contact with Europeans and Americans (Wilma, 2005). Native Americans 
living in the region were familiar with Mount St. Helens and the geological 
risk it posed, naming it “Lawetlat’la” (the Smoker) and “Loowit” (Keeper 
of the Fire) (Olson, 2016), and the mountain was important to the indig-
enous cultural identity of citizens of the Cowlitz Indian Tribe (McClure 
and Reynolds, 2015). This significance was recognized in 2013 when 
12,501 acres (5,059 hectares) of the Monument were officially listed in 
the National Register of Historic Places for its significance as a Traditional 
Cultural Property.30 The Cowlitz Indian Tribe provides services related to 
housing, health, and transportation to about 4,100 tribal members, many 
of whom live in southwest Washington, including in areas protected by 
lower Cowlitz River levees (USACE, 2017).

The landscape surrounding Mount St. Helens was nominated for des-
ignation as a Traditional Cultural Property by the USFS and the Cowlitz 
Indian Tribe because of its significance as a cultural landscape central to the 
oral traditions, geography, and identity of its native peoples. At the time, 
Cowlitz Tribal Council Chairman William Iyall said:

29 See http://www.fs.usda.gov/detail/giffordpinchot/learning/history-culture/?cid=STELPRDB5172182.
30 This designation stems from National Register Bulletin 38 (Parker and King, 1990), which 

presented guidelines for evaluating the eligibility of sites for inclusion in the National Register based 
on their cultural significance. Criteria were related to the historical and ongoing relationships between 
the property and the cultural practices, values, and beliefs of the people for whom the property has 
importance (Smythe, 2009). Perhaps the greatest benefit of Bulletin 38, nationally, has been its role in 
raising public and agency awareness about the traditional cultural significance of places of importance 
to Native American Tribes, including landscape features imbued with sacred qualities and tied to tribal 
histories (Lusignan, 2009; McClure and Reynolds, 2015).
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The listing of Lawetlat’la as a Traditional Cultural Property honors the 
long relationship between the Cowlitz People and one of the principal 
features of our traditional landscape. For millennia, the mountain has 
been a place where Tribal members went to seek spiritual guidance. She 
has erupted many times in our memory, but each time has rebuilt herself 
anew. She demonstrates that a slow and patient path of restoration is 
the successful one. (U.S. Forest Service, 2013: 1)

During the committee’s open session meetings in Kelso, representatives of 
the Cowlitz Indian Tribe described distinct aspects of tribal culture likely 
to influence their positions on long-term management of the Spirit Lake 
and Toutle River region. One set of beliefs centers on the need to adjust to 
rather than control natural processes such as volcanic activity and periodic 
eruptions—inevitable given this particular geologic and geographic setting. 
Given this familiarity with and respect for the active volcanic history of 
Mount St. Helens, ancestors of the Cowlitz Indian Tribe developed what 
Euro-Americans might call a management strategy for “living with the vol-
cano” (see Box 3.7). Related to this tradition is the tribe’s views on time 
horizons, which could affect tribal positions on the definition of “long-term 
management.” The tribe desires protection, conservation, restoration, and 
promotion of culturally relevant species, including anadromous fish, deer, elk, 
mountain goats and other species,31and landscapes integral to their unique 
identity. Spokesmen for the tribe have also expressed special concerns about 
the impacts of the SRS on the environmental conditions of the North Fork 
Toutle River, particularly with respect to salmon and steelhead populations. 

In addition to the Cowlitz Indian Tribe, the Yakama Nation has been 
interested in the preservation and management of their traditional use 
lands in the Gifford Pinchot National Forest. The Yakama reservation is 
located adjacent to the eastern boundary of the Gifford Pinchot National 
Forest, and the Yakama people continue to engage in ceremonial, sub-
sistence, and commercial fishing for salmon, steelhead, and sturgeon in 
the Columbia River and its tributaries.32 

31 See http://cowlitz.org/index.php/natural-resources-mission-statement.
32 See http://www.yakamanation-nsn.gov/programs.php.
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While there is a tendency to focus on the social, cultural, and historical 
contributions of the Cowlitz Indian Tribe and the Yakama Nation when 
considering management of the region, members of these groups possess 
an array of relevant expert knowledge, skills, and capabilities regarding 
the physical, biological, and environmental aspects of the study system 
that are relevant to the decision-making framework. As is noted in the 
 USACE’s Mount St. Helens Long-term Sediment Management Plan 
(2017), the Cowlitz Indian Tribe has been particularly active in the North 
Fork Toutle River watershed, which lies in the heart of the tribe’s ancestral 
lands, where they have conducted fish and habitat research, restored and 
protected  critical salmonid habitat, and assisted in trap and haul efforts 
at the FCF and worked closely with the WDFW and other stakeholders 
to protect and conserve resources of the Toutle River. In terms of tech-
nical expertise, the Cowlitz and Yakama communities both have highly 
trained scientists and technicians that perform and publish the results of 
fundamental scientific research as well as established programs in wildlife, 

BOX 3.7
Living with the Volcano

Cowlitz Indian Tribe ecologist Nathan Reynolds raised the concept of “Living with the 
Volcano” at a stakeholder meeting in Kelso, Washington, on August 3, 2016. As he 
stated elsewhere, “[S]ome people have described [the 1980 event] as a traumatic eruption 
that destroyed the mountain, but the indigenous name for the mountain, Lawetlat’la, 
translates as ‘smoker.’ So for the Cowlitz people, the eruptive state of the mountain is 
who She [Mount St. Helens] is, it’s what She does.”a Indigenous people in the region 
recognized that the dynamic nature of the landscape surrounding Mount St. Helens 
necessitates flexible responses to eruption impacts, including relocation from impacted 
areas. In a contemporary context, this might translate into the idea that single solutions 
are difficult to engineer when a wide range of dynamic processes are at work, thereby 
necessitating creative and holistic management and planning.

aSee http://www.opb.org/television/programs/ofg/segment/mountain-goat-survey.
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fisheries, range, and vegetation resources management that are engaged in 
restoration and conservation projects in rivers draining to the Columbia 
River. These programs receive funding from the Bonneville Power Admin-
istration through the Fish Accords.33

State Agencies

The role of the WDFW in managing the MSHWA and the FCF has al-
ready been described. Given its dual mission of protecting, restoring, and 
enhancing fish and wildlife and their habitats while also providing sustain-
able fish and wildlife-related recreational and commercial opportunities, 
the WDFW has a valid interest in any actions with respect to the man-
agement of Spirit Lake and the Toutle River that affect those resources. At 
the MSHWA, that would especially include a focus on anadromous and 
resident fish populations as well as elk and their winter habitat along the 
North Fork Toutle River. 

In addition to the WDFW, the WADNR has a stake in the Spirit Lake 
decision. Created by the state legislature in 1957, WADNR now manages 
5.6 million acres (2.3 million hectares) of forest, range, agricultural, aquatic, 
and commercial lands throughout the state for more than $200 million in 
annual financial benefit for public schools, state institutions, and county 
services.34 In the Toutle River watershed, it manages 37,100 acres (15,014 
hectares) of state-owned trust lands immediately west of the Monument 
between the North Fork and South Fork Toutle Rivers as well as smaller 
parcels elsewhere in the watershed (see Figure 3.1). 

The Washington State Department of Ecology is Washington’s envi-
ronmental protection agency and has a mission “to protect, preserve and 
enhance the State’s land, air, and water for current and future genera-
tions.”35 The department is also primarily responsible for the regulation of 
dams on state and private lands. In the case of work at Mount St. Helens, 

33 See, for example, http://www.yakamafish-nsn.gov and https://www.cowlitz.org/index.php/
contacts/15-natural-resources; https://www.ynwildlife.org/aboutus.php.

34 See http://www.dnr.wa.gov/about-washington-department-natural-resources.
35 See http://www.ecy.wa.gov/about.html.
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the Department of Ecology (in conjunction with the U.S. Environmental 
Protection Agency) would be involved if construction debris from dam- 
related projects needs to be disposed off-site. Other state agencies that also 
may be affected by management of the Spirit Lake and Toutle River system 
include (1) the Washington State Governor’s Office for Regulatory Inno-
vation and Assistance (ORIA), which serves as first point of contact for 
project planners to help determine which Washington State regulations are 
pertinent and which state agencies potentially need to be involved; (2) the 
Washington State Department of Transportation, which would have an in-
terest in understanding the risks associated with management of sediment 
and water transport in the Toutle and Cowlitz Rivers; (3) the Washington 
Department of Archaeology and Historic Preservation, which advocates 
for the preservation of irreplaceable historic and cultural resources, in-
cluding significant buildings, structures, sites, objects, and districts36; and 
(4) and the Washington State Parks and Recreation Commission, which 
manages Seaquest State Park and the Mount St. Helens Visitor Center, 
both of which are near Silver Lake within the Toutle River watershed. 

County and Other Local Governments

The Mount St. Helens National Volcanic Monument is an important 
natural resource and tourist attraction for Cowlitz, Skamania, and Lewis 
Counties. The communities that would be most directly affected by a cat-
astrophic failure of the Spirit Lake debris blockage are located primarily 
in Cowlitz County. These are also gateway tourism communities for the 
west side of the Cascades. The Cowlitz River valley is a major interstate 
and freight corridor between Portland, Oregon, and Seattle, Washington. 
Numerous county and local government agencies have responsibilities re-
lated to economic development, public safety, and emergency management, 
including management related to chronic and catastrophic floods. Spe-
cific issues of importance to such entities could include life safety, damage 
to private lands, public facilities and water systems, and critical areas as 

36 See http://www.dahp.wa.gov.
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defined under the Washington State Growth Management Act (RCW 
36.70A.02037) (cf. Granger et al., 2005). Sediment accumulation in the 
Cowlitz River poses problems for river navigation, particularly shipping 
associated with the Port of Longview at the confluence of the Cowlitz and 
Columbia Rivers.

Nongovernmental Organizations, Businesses, and Local Residents

Individuals, businesses, and communities in the region are all potentially 
affected by Spirit Lake and Toutle River management decisions, so their 
interests and concerns need to be considered. Many active nongovernmen-
tal organizations interested in the region seek to represent these interests 
and concerns and to speak for subsets of the interested and affected parties. 
The goals, interests, and objectives of such parties are diverse, however. 
These include groups focused on environmental education (e.g., the Mount 
St. Helens Institute), recreation (e.g., the Cowlitz Game and Anglers), eco-
nomic development and tourism (Toutle Valley Community Association), 
and conservation (e.g., Gifford Pinchot Task Force), to name just a few. 
Such groups, many of which were involved in the open session committee 
meetings in Kelso associated with this report, can help to coalesce the 
concerns of some of these interested and affected parties, though it should 
not be assumed that all relevant concerns will be represented by existing 
organized groups. They can also bring into the process decision-relevant 
observations of conditions and changes in the system that may not yet have 
been made by public officials.

A COMMON UNDERSTANDING FOR 
SYSTEM MANAGEMENT

A complex relationship has developed between the USFS and the USACE 
around the management of Spirit Lake given the different missions and 
functions of the agencies. Perceptions regarding the problems requiring 

37 See http://apps.leg.wa.gov/RCW/default.aspx?cite=36.70A.020.
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action, management objectives, and management alternatives are influ-
enced by these different missions. Likewise, their respective views will be 
different when considering the consequences—good and bad—of deci-
sions. Funding and the political climate at any given time further com-
plicates their relationship and the decisions they can make. Management 
of system elements downstream—for example, in the North Fork Toutle 
River near the SRS—is even more complex because many federal, tribal, 
state, local, and private entities have their own responsibilities and interests 
related to different aspects of the valley. The narrative thus far reflects ad 
hoc management of each element by the different agencies with modest 
consideration of how the elements interact. 

As described in Chapter 1, the USFS has expressed interest in apply-
ing a systems approach to managing water levels in Spirit Lake and in the 
transport of water and sediment in the Toutle River system. Chapter 2 
described how doing so is important and how decision making needs to 
consider both physical attributes of the system, and also socioeconomic 
conditions of the interested and affected parties. A holistic conceptual-
ization of the system can be accomplished only if interested and affected 
parties beyond those with immediate management authority are engaged 
in meaningful ways. This means engaging the parties in developing shared 
definitions of the system and shared understandings of the nature of the 
problem, goals, potential solutions, and feasibility of those solutions. The 
parties need a shared vocabulary. 

Recommendation: Responsible agencies and other interested and 
 affected parties should develop a common understanding of the Spirit 
Lake and Toutle River system, its features, hazards, and management 
alternatives.

Improved communication comes from common understanding of 
 region-wide issues and will result in more productive identification of prob-
lems and management alternatives. Transparency and regular interaction 
and information sharing makes developing that common understanding 
more likely. Differences among interested and affected parties might be 
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transcended through a deliberative and participatory process. This is dis-
cussed in Chapter 6. 

No single organization understands all aspects of the Spirit Lake and 
Toutle River system: the USFS does not have the engineering expertise 
needed for managing Spirit Lake, but the USFS and the USGS conduct 
joint research in and around Spirit Lake and have developed understanding 
of environmental and geologic processes. Flood risk management engineers 
may not appreciate the extraordinary magnitude of lahars and lake breakout 
floods (see Chapter 4); and geologists, with field evidence of the history 
of such catastrophes, may have little expertise in practical flood hazard 
management. 

Engaging Interested and Affected Parties

The literature is replete with examples of how interested and affected par-
ties might be involved in decision making, ranging from highly structured 
elicitation methods to less-structured and informal approaches. National 
Oceanic and Atmospheric Administration guidance on interested and 
 affected party participation in coastal decision making (2015), for example, 
identifies more than a dozen ways to obtain input, including workshops, 
town meetings, public hearings, surveys, focus groups, and the formation of 
advisory committees. Similarly, Aven and Renn (2010) highlight interested 
public hearings, roundtables, negotiated rule making, mediation, surveys, 
and focus groups as mechanisms for gathering information from interested 
and affected parties. More formal approaches such as that recommended in 
Chapter 6 of this report specify how interested and affected party  values, 
objectives, and judgments regarding outcomes can be systematically incor-
porated into decision processes. The National Research Council’s report 
titled Public Participation in Environmental Assessment and Decision  Making 
(NRC, 2008) identified principles for effective management of these pro-
cesses, process design, and integrating science with participation. For ex-
ample, the process design principles are: “(1) inclusiveness of participation, 
(2) collaborative problem formulation and process design, (3) transparency 
of the process, and (4) good-faith communication” (NRC, 2008: 230). The 
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best approach to implement these principles, the report notes, is dependent 
on context.

Identifying Interested and Affected Parties

The study committee did not conduct a scientific survey of interested and 
affected parties in the region, nor was an effort made to ensure that those 
participating in public meetings represented a scientific sampling of the 
points of view held in the region. The interested and affected parties con-
tacted during the course of this project are summarized in Table 1.1. The 
committee’s open session meetings attracted a diverse group of attendees, 
including congressional member office staff, scientists and consultants, 
community leaders, science writers, reporters, and others, and discussions 
yielded diverse and complicated interests among these parties. Several 
themes emerged during the discussions, some of which are highlighted 
below. A common understanding of these and other such themes that come 
about during future discussions will aid more productive communication 
and deliberation.

The wide range of interested and affected parties and their respective 
concerns described in this chapter illustrate how difficult it will be to develop 
a common understanding of the Spirit Lake and Toutle River system, of 
the physical and socioeconomic consequences of management alternatives, 
and of how to reach decisions that will address the diverse concerns. The 
material offered herein could be considered a starting point for future delib-
eration among decision makers and other interested and affected parties. A 
common understanding of issues for the region will improve communica-
tion, lead to better identification of problems and alternatives to solve those 
problems, and might help build trust among agencies and other interested 
and affected parties by removing unintentional misunderstandings.

Broadening the Range of Potential Benefits to Management

Many decisions made in the wake of the 1980 eruption were reached under 
emergency conditions, with limited information and when the effects of the 
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eruption were fresh in residents’ minds. The future decision process might 
be more deliberative and better informed with new information, data, and 
perspectives. In this context, all the participants heard from during open 
session meetings recognized that any decisions need to incorporate the cur-
rent and future safety of citizens downstream of the Spirit Lake blockage. 
There was also support for evaluating a broader range of goals and benefits 
such as improving recreational opportunities; improving fish habitat and 
passage; improving habitat for elk and other fauna and flora of the region; 
reducing the likelihood of both chronic and catastrophic flooding; contain-
ing costs associated with long-term management; sustaining emergency 
response capabilities; helping allay the concerns for residents concerned 
about floods and other hazards; managing sediment flows through a variety 
of means; recognizing and honoring distinctive Native American Indian 
values and cultural practices; having the ability to make repairs to structures 
such as the Spirit Lake tunnel without increasing flood risk; minimizing 
the risks to personnel involved in maintaining management infrastructure 
(e.g., the Spirit Lake tunnel); and maintaining decision-making flexibility 
in the face of environmental uncertainties going forward.

greater “natUraLneSS” and decreaSed reLIance  
on engIneered SoLUtIonS

A lack of common understanding regarding the consequences for various 
management alternatives is apparent among all interested and affected 
parties, even among those representing federal agencies. Following the 
eruption, public agencies (especially the USACE) were called to address 
threats to downstream human safety and economic concerns. A number 
of participants in the committee’s open session meetings echoed variations 
of sentiments similar to that provided by George Fornes, Habitat Con-
servation, Protection & Restoration program biologist for the WDFW. 
He noted that the “WDFW continues to support an approach involving 
decreased reliance on engineered solutions. We encourage those involved 
to work toward restoring natural processes” (George Fornes to  Sammantha 
Magsino, August 11, 2016). The desire for a more natural system was 
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based on several objectives, including (a) economic recovery—for exam-
ple, a desire for a return of tourism in the Toutle River valley centered on 
outdoor activities such as sport fishing for salmon, steelhead, and trout; 
(b) ecological restoration, including the recovery of native nongame species, 
but especially focused on anadromous fish species; and (c) the promotion 
of intrinsic and aesthetic values, including the historic and cultural signif-
icance of the valley for the Cowlitz Indian Tribe. It was not clear, however, 
that interested and affected parties necessarily agreed on what was meant 
by “natural,” on what a more “natural” valley would be, or on what would 
be the potential consequences of decisions regarding engineered structures 
such as the Spirit Lake tunnel or the SRS. Nor was it clear that interested 
and affected parties understand that the 1980 volcanic eruption (a natu-
ral and recurring process) changed the system to create a different natural 
setting and a “new normal” for the foreseeable future. No measures taken 
could revert the system back to pre-1980 conditions. The lack of common 
understanding is a problem explored in other environmental and water 
sensitive areas, such as the Comprehensive Everglades Restoration Plan 
(USACE and SFWMD, 1999) and the National Academies report on 
sustainable water and environmental management of the California Bay-
Delta (NRC, 2012a). Chapters 6-8 provide suggestions regarding how to 
develop a common understanding among decision makers.

greater tranSparency and InvoLvement  
In the decISIon proceSS

The NEPA requires that decisions concerning actions to be taken by 
federal agencies such as the USFS or the USACE that may significantly 
affect the environment must include opportunities for public comment, 
and public comments have been elicited in the past. Nevertheless, during 
the committee’s open session meetings private citizens and representatives 
from a number of interested and affected groups expressed frustration that 
the participatory processes for previous decisions regarding Toutle River 
management had been insufficient and non-transparent. Some participants 
expressed a lack of trust in the decision-making process or the agencies 
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involved. A desire was expressed that public engagement involving the 
Spirit Lake outflow should not only meet the legal requirements for public 
input but also seek meaningful engagement with interested and affected 
parties and build trust where trust is lacking.

management compLIcated by InStItUtIonaL SItUatIon

As has been described throughout this chapter, the management of Spirit 
Lake is complex for a number of reasons. First, the jurisdiction and man-
agement responsibilities for the lands and related features within the Mon-
ument, including Spirit Lake and the tunnel outflow, lie with the USFS, 
but the USACE performs all operation and maintenance activities on the 
Spirit Lake tunnel itself, including monitoring and inspection. The SRS is 
operated by the USACE so upstream decisions that affect sediment flow 
into the SRS affect the life span of the structure and have implications for 
downstream flood and sediment management. Similarly, management of 
the SRS affects fish migration, for example, which necessitates involve-
ment of such organizations as the National Marine Fisheries Service under 
the auspices of the ESA. The USACE is also authorized by Congress to 
maintain authorized flood damage reduction benefits for the Longview, 
Kelso, Lexington, and Castle Rock levees through the end of the Mount 
St. Helens project planning period in 2035. Various relationships have 
been authorized between federal and state agencies to accommodate these 
responsibilities. No mechanisms exist to manage these as a system.
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Natural Hazards

Natural hazards drive concerns for risk management in the Spirit Lake and 
Toutle River system. This chapter summarizes these hazards, discusses the 
state of knowledge about them, and considers how they integrate within 
a decision framework. The understanding of these natural hazards, their 
probabilities of occurring, and their potential magnitude is the foundation 
for risk management in the region. The literature concerning the hazards 
is large. The recent report by Grant et al. (2016a) surveys that literature. 

Following the 1980 eruption, the initial and pressing concern was the 
possibility that Spirit Lake might breach its debris blockage and create 
a cataclysmic, sediment-laden flood in the Toutle River valley and the 
Cowlitz River plain. This possibility was much in the minds of cognizant 
agencies and of affected parties. Geologic evidence from ancient erup-
tions led to the reasonable belief that a breakout flood was possible and 
with precedence in the geologic record (e.g., Scott and Janda, 1982). The 
consequences of a breakout flood could be enormous. Furthermore, engi-
neering calculations at the time supported the geologic record, confirming 
the extent of inundation and the depth of sediment deposition that might 
be expected from a breakout flood (Swift and Kresch, 1983).

Today, the initial concern over a breakout flood has partially abated 
given the 35-year history of successful management of Spirit Lake drain-
age. At least three natural hazards need to be considered, however, in the 
management of the Spirit Lake and Toutle River system. For these to be 
explicitly considered in a decision framework (see Chapters 6-8), three 
issues present themselves:
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1. The set of hazards that potentially affect the system and lead to 
downstream effects;

2. The annual probability of each hazard and its severity; and
3. The potential downstream consequences should a hazard event 

occur.

The probability of a given hazard affecting the system increases as 
the time frame of consideration grows longer. Processes with low annual 
probabilities, but possibly large impacts, become increasingly likely as the 
planning time frame grows longer. Thus, it is important to define the time 
frame early in the decision-making process because it affects planning. 
A great deal of data collection and analysis was performed in the early 
years following the 1980 eruption. These investigations have continued, 
but less intensively, and a number of uncertainties remain. Some of these 
affect risk management and the decision-making framework, as discussed 
in Chapters 6-8. 

Three sources of natural hazards that affect management of the Spirit 
Lake and Toutle River system are discussed in this chapter as well as the 
hazards that affect management of the Spirit Lake tunnel and the sediment 
retention structure (SRS). These are meteorological, volcanic, and seismic. 
These three could result in or exacerbate any issues related to the manage-
ment of sediment and water transport in the Spirit Lake and Toutle River 
system; thus, their probabilities and impacts need to be thoroughly under-
stood to make wise management decisions. Two other natural hazards are 
considered in the Cowlitz County Hazards Mitigation Plan: landslides 
and wildfire (Cowlitz County Department of Emergency Management, 
2013). Each is of importance as it may affect sediment delivery, runoff, 
and nutrients. This report, however, focuses on meteorological, volcanic, 
and seismic hazards because of the greater likelihood of their region-wide 
impacts. Moreover, because of the 1980 eruption’s effect on the location 
and availability of fuels in the upper Toutle River, fire is not as much of an 
issue and will not be for some time (USDA Forest Service, 1997).

The first part of this chapter summarizes the natural hazards, risks, 
and state of understanding associated with meteorological, volcanic, and 
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seismic events and a summary of our understanding of the debris blockage 
and the catastrophic flooding that could occur as a result of its failure. The 
adequacy of information related to all these topics is described. The text 
continues with a discussion of how hazards can be integrated using prob-
abilistic hazard assessments and how a probabilistic assessment fits into 
a decision framework. Information needs are also discussed. The chapter 
concludes with a brief discussion related to ongoing monitoring.

METEOROLOGICAL INPUT AND CHRONIC FLOODING

As has been discussed earlier in this report, the Toutle River valley and 
lower Cowlitz River plain are subject to both chronic and catastrophic 
flooding. Chronic flooding—the severity of which is affected by a combi-
nation of meteorological inputs (e.g., rainfall, rain-on-snow events), sedi-
ments already in the system, and management of those sediments—results 
from the normal hydrological regime. Precipitation falling on the Toutle 
River basin is large enough to generate large river discharges. Average an-
nual precipitation varies from approximately 50 inches (127 cm) at Castle 
Rock, elevation 60 feet (20 m), to approximately 120 inches (305 cm) at 
Mount St. Helens and Spirit Lake, elevation 3,400 feet (1,036 m), aver-
aging about 75 inches (190 cm) over the entire basin (West Consultants, 
2002). The U.S. Army Corps of Engineers’ (USACE’s) flood risk manage-
ment (FRM) in the Toutle River and Cowlitz River areas addresses chronic 
flooding. This includes the SRS as well as the extensive system of levees in 
the lower Cowlitz River plain and intermittent dredging. 

More important in the context of chronic flood generation is the pre-
cipitation that falls during the wettest years and the combination of warm 
precipitation on snow, which may accompany those larger storms. Thus, 
an important determinant of flood potential is the accumulation of water 
stored in snowpacks. Based on data collected at snow courses in the vicin-
ity of Mount St. Helens, Dunne and Leopold (1981) found that median 
snow water equivalents on April 1 ranged from 47 inches (120 cm) at an 
elevation of 3,510 feet (1,070 m) to 118 inches (300 cm) at an elevation of 
6,100 feet (1,860 m). In extreme years the maximum storage can rise to as 
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much as 79 inches (200 cm) at lower elevations and 157 inches (400 cm) 
at higher elevations. Snow depths are subject to rapid melting during warm 
rainstorms—events known as atmospheric rivers and often referred to as 
the “Pineapple Express” (see Figure 4.1). As an important flood genera-
tion mechanism in the coastal American West, these narrow zones of the 
atmosphere transport large volumes of warm, moist air from the subtropics 
over the mountainous watersheds of the Pacific coast, generating heavy rain 
accompanied by rapid snowmelt. 

The post-eruption condition of the Toutle River valley has another 
important effect on flood hazard in the settled parts of the Toutle River 
and lower Cowlitz River valleys, namely, as a source of sediment that can 
settle in the Cowlitz channel and reduce the flood conveyance capacity 
of the engineered levee system between Castle Rock and the Columbia 
River confluence (see Figure 4.2). The USACE has periodically dredged 
these river reaches for the purposes of flood risk management. As has been 
 described earlier, a principal rationale for the construction of the SRS was 
to retain this sediment load higher in the Toutle River basin.

FIGURE 4.1 Satellite observation of water vapor, illustrating a 2009 atmospheric 
river event circled in the upper middle of the figure. These narrow zones of the at-
mosphere transport large volumes of warm, moist air from the subtropics over the 
mountainous watersheds. NOTE: IWV is integrated water vapor. SOURCE: Ralph et 
al., 2011, © American Meteorological Society. Used with permission.
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Effect of Changing Climate

Changing global climate adds uncertainty in assessments of flood hazards 
in this region. An increase in the frequency of flood-generating weather 
events is likely. While projected changes in precipitation are small, tem-
peratures are projected to increase through the end of the century, leading 
to a transition of snow to rain and more flooding (Mote and Salathé, 2010). 
Seasonal cycles responsible for heavy precipitation are also projected to 

FIGURE 4.2 Elevation-discharge curve for the Cowlitz River and Kelso-Longview, 
Washington. The June 1980 curve represents the post-eruption but pre-dredging con-
dition of the river. By May 1981, dredging had lowered the bed of the river and cor-
respondingly the elevation of the river surface. SOURCE: Lombard, 1986.
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intensify. The expected warming atmosphere will increase atmospheric 
water vapor, which is projected to increase the frequency of days the most 
extreme atmospheric rivers are generated by up to 290% by 2100 (Warner 
et al., 2014). 

Impacts of Chronic Floods

The area potentially at risk from chronic flooding extends north from 
the confluence of the Columbia and Cowlitz Rivers and east along the 
Toutle River to the confluence of the North Fork Toutle and Green 
 Rivers. The lower reaches of the Cowlitz River include the cities of Castle 
Rock,  Lexington, Kelso, and Longview, Washington, before entering the 
 Columbia River. The area at risk also includes approximately 1.25 miles 
(2 km) of the Columbia River extending from its confluence with the 
Cowlitz River to the Columbia River navigation channel.

Populated areas in the region are primarily in Cowlitz County. Man-
aged areas along the Cowlitz River include portions of Longview, Kelso, 
Lexington, and Castle Rock, with a total population of approximately 
50,000 (see Table 4.1). Property in the leveed areas has a value of approx-
imately $3.65 billion (USACE, 2014). 

Adequacy of Existing Information

The current level of information on chronic flood hazard in the Toutle 
and Cowlitz Rivers and on the management of flood risks is similar to 
that in most river basins managed by the USACE (see Table 4.2). There 
is uncertainty, however, about the importance of changing climate on the 
hydrology of the system and its effects on chronic flooding. This uncer-
tainty is likely to be similar to that in other flood-managed basins across 
the country.

One characteristic of the Toutle River system that makes it unique is 
the existence of the SRS and the sediments stored behind it. A large mag-
nitude earthquake could change the behavior of the sediments behind the 
SRS (e.g., as a result of earthquake-induced liquefaction) and change the 
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TABLE 4.1 Inventory of Levees and Authorized Levels of Protection in the Cowlitz 
River Plain and Corresponding Annual Probabilities of Floods Exceeding the Level  
of Protection (LOP)

Levee 
Location Owner

Authorized
LOP
(yrs)a

Annual 
Exceedance 
Probability
of Floodinga

Length 
(miles)b

2010 City
Populationc

Castle Rock City of Castle Rock 118 0.0085 1.5  2,140

Lexington Lexington Flood 
Control Zone District 
of Cowlitz County

167 0.006 2.7 NA

Kelso Cowlitz County 
Consolidated 
Diking Improvement 
District No. 3 
and the Drainage 
Improvement District 
No. 1

143 0.007 5.7 11,925

Longview Cowlitz County 
Consolidated Diking 
Improvement District 
No. 1

167 0.006 2.4 36,648

aData from USACE, 2009. 
bData from USACE, 2010b.
cU.S. Census Bureau. Settlement of Lexington is not included as an entity in the U.S. 
Census.
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probability of chronic flooding should a large meteorological event occur. 
The simultaneous occurrence of a large magnitude earthquake and a large 
meteorological event is less probable than either event occurring singly, 
but simultaneous occurrence could result in greater changes in sediment 
behavior. 

VOLCANIC HAZARDS

The geologic setting of the region, including volcanism, is described in 
Chapter 2. Consideration of volcanic activity in a decision framework has 
two main components: (1) defining hazards that affect the Spirit Lake 
and Toutle River system resulting in downstream impacts and (2) defining 
the annual probability of each. Individual volcanic eruptions can produce 
multiple hazards processes or types. Some volcanic processes associated 
with certain types of eruptions may not affect the Spirit Lake and Toutle 
River system and thus can be ignored. For example, dome building activity 
similar to the 2004-2008 episode may have no effect on that watershed, 
and it may not need to be addressed in detail. 

Volcanic activity can produce several hazards, each with unique physi-
cal impacts on the Spirit Lake and Toutle River watershed and infrastruc-

TABLE 4.2 Existing Natural Hazards Information on Chronic Flooding

Existing 
information

Annual probabilities of fluvial flooding; estimates of impacts from 
chronic flooding; estimates of sediment yields; assessments of 
levels of flood protection provided by the levee system.

Strengths Historical data on flood frequencies and severity in the system 
are reasonably complete. These assessments follow normal 
USACE practice for FRM.

Weaknesses Uncertainty in sediment yields into the Toutle River; some 
uncertainties regarding impacts of climate change and possibly 
regarding the impacts of large seismic events on releases from 
the SRS.

SOURCES: Dunne and Fairchild, 1984; Lombard, 1986; USACE, 2009, 2010a,c.
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ture within. These may extend downstream as far as the SRS and well 
beyond. The emphasis here in this discussion is on hazards that could affect 
management decisions regarding the Spirit Lake drainage and the SRS. 
The list appears generic in that Mount St. Helens is capable of producing 
the full range of volcanic hazards. These hazards include

• Tephra fallout, which are deposits produced by direct fallout of 
particles (e.g., pumice, ash, lithics) from a high-standing volcanic 
plume ~10-20 miles (~15-30 km). Such deposits blanket the land-
scape in the downwind direction during an eruption. In the case 
of the Spirit Lake and Toutle River system, impacts could include 
choking of the Spirit Lake tunnel intake with pumice floating in 
the lake and introduction of abundant loose material onto parts of 
the watershed, which can be remobilized rapidly by surface water 
flow and dramatically increase the sediment flux to the SRS.

• Pyroclastic flows, which are very hot ash, lava fragments, and 
gases that are explosively ejected from the volcano, typically at 
high speeds. They are more limited in extent than tephra fallout 
are and would most likely form a new fan of unconsolidated de-
posits on the pumice plain (see Figure 2.7). Some might reach and 
directly introduce material into Spirit Lake, but assuming no major 
topographic changes in the area, most would likely contribute to 
increased sediment flux into the Toutle River and the SRS if flow 
deposits are remobilized in tributaries of the North Fork Toutle 
River by alluvial or fluvial processes. Pyroclastic flows could rap-
idly melt snow from the crater and the pumice plain and evolve 
into a lahar of a magnitude that could arrive at the sediment plain 
upstream from the SRS (Denlinger, 2011).

• Lava flows produced by Mount St. Helens during recent eruptive 
episodes mostly have involved highly viscous magma that formed 
domes around the vent and flowed only a few hundred meters, as, 
for instance, during the 2004-2008 eruptive episode. Such lava 
domes may experience partial collapse, however, which can pro-
duce small pyroclastic flows. If basaltic lavas, which are hotter and 
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less viscous, were to be erupted, however, they could flow several 
kilometers.1 Because basaltic lava flows are strongly controlled by 
the lowest paths across the topography, it is unlikely that one would 
reach Spirit Lake. Nevertheless, such a flow could disrupt drain-
ages in the pumice plain that feed the Toutle River. Lava flows can 
also cause rapid snowmelt that in turn can trigger lahars.

• Volcanogenic lahars (volcanic mudflows) could result from em-
placement of new tephra fallout, pyroclastic flow, lava flow, or 
debris avalanche deposits. Materials deposited by these processes 
can then be remobilized by heavy precipitation or can induce rapid 
melting of snow and ice, providing water for the flows. Lahars 
could introduce large volumes of sediment into the SRS. There 
may also be lahars that are not triggered by volcanic activity, but 
these are more appropriately thought of as flood or geotechnical 
hazards.

• Debris avalanches in the Toutle River valley are unlikely until 
the volcano rebuilds itself from the 1980 sector collapse. Their 
probability, then, depends upon the time frame of interest. Such 
flows could introduce large volumes of debris into the Toutle River 
system.

For any given eruption scenario, annual exceedance probabilities can 
be defined—and the uncertainty of those probabilities—for the aforemen-
tioned hazards and their impacts to the Spirit Lake and Toutle River sys-
tem. The information can also be used as input for design criteria for any 
new mitigation structures and as input to a decision-making framework 
such as the one presented in Chapters 6-8 of this report.

The Probability of Eruptive Events

Table 4.3 summarizes the estimates by Grant et al. (2016a) of the annual 
probability of future eruptive events at Mount St. Helens. The probabilities 

1 The lavas that formed the Ape Caves on the southern flanks of Mount St. Helens are basaltic.
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based on the expert opinion of Grant et al. (2016a) used the geologic record 
of previous events over a defined timescale to estimate order-of-magnitude 
hazard probabilities. The values do not include analysis of uncertainties 
due to incompleteness of that record, to continually evolving knowledge 
of eruption mechanisms, and to potential future changes of the behavior 
of the volcano. Nor do the estimated probabilities account for the fact that 
the past events—even if well recorded in the geologic record—represent a 
subset of events that the volcano is capable of producing in terms of timing 
and volume. Other experts might derive different annual probabilities from 
the geologic record or from additional analysis using numerical modeling, 
for example. Ultimately, any annual frequency value should account for 
such uncertainties, which are not included in Table 4.3. Nevertheless, the 
Grant et al. (2016a) probability estimates can serve as a starting point 
for more detailed hazard assessments if such are needed, following the 
approach described below.

Adequacy of Existing Information

Disruptive eruption scenarios can be defined by the eruption processes 
accompanying any event that could disrupt the Spirit Lake and Toutle 
River system. For example, an eruption that produces enough tephra fall-
out could, as described above, block the Spirit Lake tunnel and ultimately 
cause breaching of the debris blockage if the tunnel could not be cleared 
before water levels rise to dangerous levels. It could also introduce enough 
new sediment into the watershed to impact the SRS. Even relatively  minor 
pyroclastic flows could similarly affect the sediment budget enough to 
affect the SRS. Disruptive eruption scenarios are not limited to those in-
volving major lateral blasts or debris avalanches. Existing volcanic hazards 
information and its strengths and weaknesses are summarized in Table 4.4.

SEISMIC HAZARDS

The Spirit Lake and Toutle River system is located in a highly seismic 
region of the United States with the potential of strong ground shaking 
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due to nearby and distant earthquakes. As with other hazards, consider-
ation of seismicity in a decision framework has two principal components: 
(1) identifying seismic hazard and its potential consequences that could 
affect the Spirit Lake and Toutle River system and (2) assigning an annual 
exceedance probability to the seismic hazard and consequences. Individual 
seismic events produce multiple hazards processes such as strong ground 
shaking, which can result in earthquake-induced liquefaction and slope 
instability. These may or may not affect the Spirit Lake and Toutle River 
system in a way that causes problems downstream. 

As described in Chapter 2, the Spirit Lake and Toutle River region is 
in a zone with multiple sources of seismicity. Earthquakes originating in 
the locked portion of the Cascadia Subduction Zone, shown in Figures 2.4 
and 4.3, are capable of producing large magnitude (M ~9.0), long duration 
earthquakes (McCaffrey et al., 2007), with a recurrence interval on the 
order of 200-600 years. The last known occurrence of such an event oc-
curred just over 300 years ago. The Cascadia Subduction Zone is relatively 
far from the Spirit Lake and Toutle River system and is not necessarily the 
largest potential contributor to strong amplitude shaking (Czajkowski and 
Bowman, 2014). But, the corresponding long duration and long period 
shaking on the order of several minutes exceeds the duration of shaking 
from other sources. The long duration shaking increases the demand on 
various systems as well as the potential for liquefaction and slope instability.

TABLE 4.4 Existing Volcanic Hazards Information and Its Strengths and 
Weaknesses

Existing 
information

Annual probabilities of volcanic hazards with sources at three 
different distance ranges from Mount St. Helens (see Table 4.3).

Strengths Addresses all applicable volcanic hazards and clearly states 
basis for annual probability estimates.

Weaknesses Annual probabilities are based on events recorded in the 
geologic record, and do not have quantified uncertainties. 

SOURCE: Grant et al., 2016a.
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Deep and shallow crustal sources of earthquakes (see Figure 4.3) pro-
duce earthquakes of magnitudes in the range of M 5.0 to 7.5 and are of 
shorter duration compared to those generated by Cascadia Subduction 
Zone earthquakes. These can be closer to Spirit Lake and will likely pro-
duce stronger and more damaging shaking than do earthquakes originating 
from the locked portion of that subduction zone. Earthquakes generated 
in the north-south trending Mount St. Helens Seismic Zone shown in 
Figure 2.4 have produced numerous earthquakes of smaller magnitude 
than have the above two sources, and they can produce shaking very near 
to Spirit Lake and the SRS and hence potentially be quite damaging to 
elements such as the diversion tunnel and the debris blockage. The shaking 
amplitude can be stronger than that generated by the more distant seismic 
sources. Mount St. Helens is located on a Holocene active seismic zone, 
with numerous earthquakes with a magnitude greater than 2.0 (Czajkowski 
and Bowman, 2014). Volcanic earthquakes, discussed in Chapter 2, are 
 localized earthquakes associated with magma movement. They are gener-
ally not important from a seismic hazard standpoint, but they are important 
as indicators of volcanic activity.

COAST

1949 Olympia 
Earthquake

1949 Olympia
2001 Nisqually

Mega-thrust rupture
Magnitude 8.0 – 9.2

COAST 
RANGE

Deep subcrustal
Generally occur in
Western Washington
Magnitude 5 – 7.5

Crustal seismicity
Mostly random in western 
Oregon and Washington
Magnitude 5 – 7.0

PUGET SOUND Spirit Lake

FIGURE 4.3 Schematic map of seismic sources in the vicinity of Mount St. Helens. 
SOURCE: USACE, 2016b.
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Impacts of Seismic Hazards 

Seismic activity produces several hazards, each with unique physical im-
pacts on the Spirit Lake and Toutle River system, including on engineered 
structures in the system. The most important of these impacts are related 
to ground shaking, fault displacements, landslides, and soil liquefaction, 
described below. 

• Ground shaking—Ground motions and associated accelerations can 
damage features such as the tunnel and tunnel portals, the debris 
blockage, and the SRS. This is usually expressed as a horizontal 
spectral acceleration associated with a given seismic scenario.

• Fault displacements—If an earthquake is generated by rupture 
along a fault that crosses the Spirit Lake drainage tunnel, for ex-
ample, displacement of tunnel segments could compromise its 
performance.

• Landslides—Ground motion during a strong earthquake can de-
stabilize hillsides, causing mass movements that could introduce 
new sediment into the river system. Landslides can also block 
tunnel portals thus compromising its performance.

• Liquefaction—Saturated (wet), unconsolidated sediments are sus-
ceptible to a process wherein shear seismic waves cause a buildup in 
the pressure of pore fluids that reduces the strength of soil deposits, 
causing them to behave in a manner similar to a liquid. Sediment 
stored upstream of the SRS, for example, could liquefy during an 
earthquake, which could increase the horizontal load on the SRS 
or could lead to greater mobility of the sediments and overflow.

These impacts potentially affect all the management alternatives for 
drainage of Spirit Lake, including the surface channel, buried conduit, 
other tunnels, and the like (discussed in Chapter 5).

As with volcanic hazards, annual exceedance probabilities of antic-
ipated ground shaking and related hazards can be developed. Analyses 
to date (Grant et al., 2016a) identify potential seismic hazards from the 
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Cascadia Subduction Zone, the Mount St. Helens Seismic Zone, and 
earthquakes (see Chapter 2). These analyses use U.S. Geological Survey 
(USGS) seismic hazards maps (Petersen et al., 2008) to obtain estimates 
of ground shaking based on regional geologic mapping. 

Adequacy of Existing Information

Detailed probabilistic seismic hazard analysis (PSHA) and engineering 
analyses of fragility would be required to evaluate seismic hazards and the 
impacts of these hazards for the region. The level of detail in such studies 
should be tailored to the decisions being made and to the decision frame-
work adopted (see Table 4.5). USGS hazard maps (Petersen et al., 2008) 
are useful as an initial screen tool to provide a first order estimate of the 
anticipated levels of shaking across the region. These maps, however, do 
not provide the level of resolution required for evaluating seismic hazard 
for critical infrastructure. Site-specific seismic hazard analysis would be 
required to provide estimates of anticipated levels of ground shaking at 
sites with features of interest and of potential fault rupture where fault 
zones exist. 

PSHA studies are a standard part of the seismic evaluation of struc-
tures such as the Spirit Lake tunnel, the debris blockage, or the SRS. Many 
qualified organizations or consultants can conduct PSHAs These studies 
can then be used to address the behavior of a number of critical elements 
of the system, for example:

TABLE 4.5 Existing Seismic Hazards Information and Its Strengths and Weaknesses

Existing 
information

Regional information on contributing seismic sources and 
estimates of ground shaking.

Strengths Identifies some of the seismic hazards and their consequences.

Weaknesses Uncertainties about site-specific ground motions estimates and 
their probabilities and related hazard, including shaking, ground 
displacement, and liquefaction. Some analyses based only on 
qualitative assessments.
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1. It is not known if the Spirit Lake tunnel is traversed by a fault that 
might displace during a seismic event. Even without a fault, ground 
deformations associated with a Mount St. Helens event might 
cause enough shaking to collapse the tunnel. A study designed to 
understand the vulnerability of the tunnel to seismic ground shak-
ing and displacement would allow for seismic hazard to be part of 
the risk analysis of the tunnel drainage system. At present, tunnel 
failure modes considered include only qualitative probabilities in 
the risk analyses.

2. The impact of seismic shaking on potential land sliding and related 
damage is not known. Slope instability can lead to a blockage of 
the tunnel inlet or the outlet. Additionally, slope instability of the 
blockage may weaken the integrity of the debris blockage.

3. The impact of seismic shaking on potential settlement and move-
ment of the debris blockage. Issues that might arise due to land 
sliding within the debris blockage mass or from nearby landslide 
debris and hillsides are also not known.

4. The response of the SRS with its impounded highly liquefiable 
sediments under seismic events is not known (although, during 
the committee’s open session meetings, liquefaction was said to 
have been observed as a result of the M 6.8 Nisqually Earthquake 
in February 20012). Analyses conducted thus far are based on 
outdated information and methodologies. Analyses are needed to 
evaluate the potential lateral spreading of the liquefied sediments, 
their impacts on the SRS, and their potential flow over the SRS.

It should be noted that much of the characterization of the region and 
the design and construction of infrastructure to manage the Spirit Lake 
and Toutle River region (e.g., the Spirit Lake tunnel and the SRS) was 
conducted prior to any knowledge of a potential M 9.0 Cascadia Seismic 
Zone event.

2 See https://earthquake.usgs.gov/earthquakes/eventpage/uw10530748#executive.
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CATASTROPHIC FLOODING AND THE 
SPIRIT LAKE DEBRIS BLOCKAGE

The Spirit Lake debris blockage, which can be thought of as a natural 
dam, is a unique feature representing an unusual management challenge. 
The debris blockage, being a natural element of the environment, illus-
trates that a natural hazard is affected by the meteorological, volcanic, and 
seismic events already described. The integrity of the debris blockage is 
vulnerable to rise in lake level, volcanic eruption, and seismic shaking. If 
the debris blockage were breached as a result of failure of the engineered 
lake-level control system; piping due to a critical hydraulic head gradient 
in the groundwater; or erosion working headward up the debris barrier 
from the remnant drainage channel system of the North Fork Toutle River 
valley north of the volcano, it would represent a primary source of potential 
catastrophic flooding downstream. 

Potential Failure Modes 

Shortly after the 1980 eruption, rising Spirit Lake levels impounded by 
the unconsolidated debris blockages there and at tributary junctions down-
stream at Coldwater and Castle Lakes led to concerns that overtopping or 
the partial settling or collapse of the blockage might lead to rapid erosion 
and widening of a breach. Such a sequence of potentially hazardous events 
would allow the lake to drain within hours and create damaging floods. 
Youd et al. (1981) performed an initial geotechnical stability analysis of the 
blockage. This study assumed that hydraulic overtopping was the principal 
mode of failure of the blockage. Based on the original study, pyroclastic de-
posits were concluded to be considerably more erodible than thought earlier. 
As a result, the bottom elevation of the pyroclastic materials was taken to 
be the critical lake elevation for breaching (see Chapter 5). The USGS and 
the USACE conducted drilling in the blockage to identify the elevation of 
the contact between the avalanche deposit and the pyroclastic materials.

Calculations of likely filling times and discharges of either mudflows 
or muddy floods at various locations along the Toutle River (Dunne and 
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 Leopold, 1981; Swift and Kresch, 1983; Dunne and Fairchild, 1984; Kresch, 
1992) were used to estimate the probability of some form of catastrophic 
failure and flooding in the cases of the rising lake levels in Coldwater Creek 
and later at Spirit Lake unless the lakes were stabilized. Reinforced outlet 
channels were constructed for the impoundments at Coldwater Creek and 
Castle Creek in the early 1980s. 

Some detailed studies have since been made of mechanisms for the 
breaching of the Spirit Lake debris blockage (Swift and Kresch, 1983; 
Sager and Chambers, 1986) and stability analysis at Castle Lake (Roeloffs, 
1994). The post-1980 water level was 3,406 feet (1,038 m), and geometric 
interpretations of ground conditions suggested that water levels higher 
than 3,475 feet (1,059 m) could result in erosion and potential breaching 
of the blockage. The techniques applied were simple. The development of 
piping in the debris blockage was the only failure mechanism considered. 
Blockage-scale analyses for seepage force and effective stress failures were 
not conducted. These would have required more detailed data on geologic, 
hydrologic, and morphologic conditions than were available at the time or 
are available now.

Studies on the stability of the Castle Lake blockage (Roeloffs, 1994) 
indicate that if the groundwater level were to increase by approximately 
50 feet (15 m), that blockage would become saturated. In that case, an 
earthquake of M 6.0 would likely cause failure of the blockage. The up-
dated numerical simulation Roeloffs employed was a steady-state two- 
dimensional saturated groundwater flow model to assess the stability or 
factor of safety of the  debris dam. No stress field computation was made. 
The factor of safety was defined by the upward critical gradient to the 
computed gradient. In such analysis, the actual shear strength of the debris 
materials was not considered. Measured water table fluctuations for the 
years 1991 and 1992 were used to constrain the model. Upward seepage 
caused a low factor of safety for the debris blockage. Geologic, geotechni-
cal, and geophysical surveying of the blockage may be needed to determine 
the potential piping development over the past 36 years as well as the stress 
field-based factor of safety analysis. 

A potential failure modes analysis (PFMA) was conducted in 2016 

http://www.nap.edu/24874


A Decision Framework for Managing the Spirit Lake and Toutle River System at Mount St. Helens

Copyright National Academy of Sciences. All rights reserved.

147

Natural Hazards

principally by a team from the USACE but also comprising personnel 
from the U.S. Bureau of Reclamation, the U.S. Forest Service (USFS), 
and the USGS. The present study committee did not have direct access to 
the results of the PFMA; it relied on a summary of those results by Grant 
et al. (2016a). Eleven potential failure modes were reported to have been 
identified by which drainage of Spirit Lake could be interrupted, with the 
consequence of a rising lake level eventually reaching a critical elevation 
against the blockage. More information about the PFMA is provided in 
Chapter 5. 

Catastrophic Flood Magnitudes

The hydraulic analysis of a plausible Spirit Lake catastrophic breakout by 
Swift and Kresch (1983) indicated peak mudflow discharges of approxi-
mately 2.65 million cubic feet per second (cfs) (7.5×104 m3/sec) 18 miles 
(29 km) downstream from the lake near the terminus of the debris avalanche 
deposit, decreasing to approximately 1.14 million cfs (32,000 m3/sec) at the 
Cowlitz River confluence and 1 million cfs (283,000 m3/sec) at the conflu-
ence with the Columbia River. The calculations also predicted depths of 
inundation of 60 feet (18 m) in Castle Rock and Lexington, and 30-40 feet 
(9-12 m) in Toutle, Kelso, and Longview. Swift and Kresch (1983) calcu-
lated that warning times for the first arrival of the lake-breakout flood were 
about 4 hours at Toutle village, 10 hours at Castle Rock, and 16 hours at 
Kelso-Longview. 

The calculated boundaries of the mudflow throughout the Toutle River 
and Cowlitz River valleys as far as Castle Rock are consistent with those 
mapped by Scott and Janda (1982), although the peak discharge of the 
calculated flood in the middle Toutle River valley (2.55 million cfs) was 
significantly below the 7-10 million cfs (200,000 to 285,000 m3/s) of the 
lake breakout that occurred 2,500-3,200 years ago as estimated by Scott 
(1988a,b). Consequently, the flow magnitudes, inundation depths, and 
geographical extent of the estimated lake-breakout flood suggested the 
need for stabilizing the level of Spirit Lake considerably below an elevation 
that might trigger a breach of the impoundment.
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Groundwater Regime of the Debris Blockage

Chapter 2 summarizes the groundwater regime within the debris block-
age. The stability of debris blockage was not considered in the original 
Spirit Lake drainage options of buried conduit, tunnel, open channel, 
and permanent pumping in the comprehensive plan to manage sediment 
(USACE, 1983), thus leading to the decision to use the tunnel for routing 
the water from Spirit Lake. The comprehensive plan did not extensively 
consider geologic and hydrologic information, including the impact of 
lake level on groundwater and stability and lake sediment thicknesses. 
The existing groundwater regime in the blockage and in the North Fork 
Toutle River valley was characterized by a series of borings in the after-
math of the eruption and, more recently, by geophysical studies taken 
from the surface. There have been few, if any, downhole data collected 
since the 1980s. The result is that changes in the groundwater regime 
since the 1980s are poorly characterized, as is the current state of the 
groundwater. The recent geophysical surveys suggest that the changes 
since the 1980s may be modest, but the groundwater regime is of such 
importance to the geotechnical performance of the blockage that it would 
be prudent to have more up-to-date information. Such up-to-date in-
formation might shed light on whether internal erosion was taking place 
within the blockage and whether groundwater seepage continues to move 
toward Spirit Lake rather than draining away from it. There seems no 
reason for immediate concern other than that few recent groundwater 
data have been collected.

Understanding the North Fork Toutle River valley groundwater flow 
regime since the eruption would provide the needed scientific basis for 
assessing potential failure mechanisms for debris dam, surficial erosion 
processes, and water balance in Spirit Lake. It would also provide hydro-
geologic information necessary to consider alternatives, for example, related 
to the control of Spirit Lake water levels. 
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Catastrophic Floods and the SRS

Denlinger (2011) evaluated the impact on the SRS of catastrophic floods 
and debris flows originating from Castle Lake and from the crater of Mount 
St. Helens. In each case, numerical modeling suggests that a structurally 
sound spillway at the SRS is capable of passing large floods without the 
risk of overtopping the dam itself. Large debris flows originating from 
these two sources never reached the SRS, instead filling graded channels 
upstream. While an important finding, catastrophic floods from these two 
sources would be small (but not negligible) in comparison to that originat-
ing from a catastrophic breakout of Spirit Lake itself. The study concludes 
that the valley leading to the SRS is large enough to absorb a transient 
peak discharge of 40,000 cubic meters per second without overtopping the 
SRS—about half the discharge predicted for a breakout of Spirit Lake.

Grant et al. (2016a) note that the principal current basis for predicting 
catastrophic flood discharges and inundation areas is the modeling work 
done shortly after the eruption and as compared with Holocene lahars: 

But some things have changed since the 1980s which justify another 
look at the downstream effects of a breakout flood. The topography of 
the North Fork Toutle River valley has evolved considerably since the 
eruption and subsequent downstream delivery of sediment. Construc-
tion of the Sediment Retention Structure and its operation and filling 
over the past few decades has potentially changed the way lahars might 
behave. (Grant et al., 2016a: 110-111)

Further downstream, flood levees have been built and later raised, 
which may affect the extent and level of inundation. Three decades have 
passed and there are now better flood routing models and better under-
standing of floods and sediment. As Grant and others (2016a: 111) con-
cluded, “a more informed reanalysis seems warranted.”

The early model-based estimates of potential peak flows were not 
based on detailed characterizations of valley topography, and though their 
magnitude was roughly confirmed with field evidence, there is room for 
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refinement of the estimates if such refinement ever becomes necessary for 
public policy decision making. Topographic changes that have occurred 
in the North Fork Toutle valley since 1980, however, are unlikely to have 
diminished the estimation of a debris flow, with the peak flow rate and es-
pecially of the volume and duration of a flow likely to result from drainage 
of Spirit Lake. The geologic evidence of prehistoric lahars in the vicinity 
of the SRS is that debris flows that required the release of volumes of water 
commensurate with a lake breakout recurred several times in multiple erup-
tive periods of the volcano and left evidence of reaching catastrophically 
high levels where the SRS stands. The peak rate, density, viscosity, and 
abrasive potential of these flows are many times higher than for which the 
SRS and its spillway were designed. 

Adequacy of Existing Information

Existing information on catastrophic flooding is summarized in Table 4.6. 
The potential for such flooding and its corresponding consequences are 
reasonably well known. Geologic evidence from the early lahars off Mount 
St. Helens supports the modern analyses. The weaknesses in current infor-
mation have to do with the fragility of the debris blockage and its corre-
sponding vulnerability to seismic hazards, the current state of groundwater 
conditions, and details of current geotechnical conditions.

ONGOING MONITORING 

Since the 1980 eruption much has been learned about the character of 
the natural hazards existing in the Spirit Lake and Toutle River system. 
Some informational needs remain, particularly about the engineering per-
formance and fragility of the system when exposed to hazard events. Im-
mediately following the eruption, there was a great expenditure of effort 
and resources in the 1980s to better understand the physical features of 
the system, but monitoring has been far less intense in recent years even 
given the complex and dynamic nature of the system, scientific insights, 
the changing priorities of interested and affected parties in the region, and 
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TABLE 4.6 Existing Catastrophic Flooding Information and Its Strengths and 
Weaknesses

Existing information Potential failure modes analysis of failures of the lake 
drainage system

Extensive 1980s data on geology of debris blockage

Extensive hydrological data and analysis of runoff into Spirit 
Lake

Strengths Extensive analysis of what can go wrong with drainage 
schemes 

Relative certainty about the critical level of Spirit Lake

Weaknesses Seismic loading on the blockage during a Cascadian 
earthquake

No recent geotechnical studies or analyses of blockage 
stability

No recent geotechnical studies or analyses of possible piping

No regular monitoring of present conditions and changes in 
ground water within the blockage

Design quality understanding of the geotechnical properties

Understanding the effect of a breakout flood from Spirit Lake 
on the SRS and the possible mobilization of sediments in the 
sediment plain behind the SRS

changes in engineering practice that have taken place. The adequacy of 
information available to quantitatively inform any decision making is ques-
tionable. Monitoring capabilities and data collection programs need to be 
reexamined and updated and analytic capabilities need to be reevaluated in 
light of the information needs of all interested and affected parties. Those 
key physical variables that impact decision making need to be identified 
through a process in which those with management authority engage each 
other and other interested and affected parties in the region (as will be 
discussed in greater detail in Chapters 6-8). New scientific insights—for 
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example, that related to the probability of a Cascadia Seismic Zone event 
affecting the region—warrant greater examination on how such an event 
might affect the region and therefore management decisions for the region. 

Recommendation: Agencies engaged in risk management in the Spirit 
Lake and Toutle River region should develop a coordinated and targeted 
monitoring system to track changes in factors that affect risk. Data and 
analyses should be shared and made available to all.

Because the Spirit Lake and Toutle River system is continually chang-
ing in response both to the forces of nature and to human intervention, 
information about the system needs to be regularly updated. Current char-
acterization of the Spirit Lake debris blockage; the behavior and location 
of groundwater in the blockage; current and future meteorological trends; a 
quantified characterization of the types of risks posed by volcanic activities 
on Spirit Lake levels and elsewhere in the region; and the seismic response 
to local and regional seismic activity of the debris blockage and other parts 
of the system are all examples of factors that may affect the understanding 
of risk associated with management alternatives that might be considered. 
For the purposes of planning and decision making, the large body of knowl-
edge on natural hazards needs to be integrated in a consistent way. Given 
modern trends in policy analysis and hazard management, that integration 
needs to occur through a process of systematic risk analysis.
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C H A P T E R  5

The Engineered 
Landscape

A sense of urgency pervaded public and official response to the 1980 erup-
tion of Mount St. Helens. As a result, an engineered landscape was created 
in the Spirit Lake and Toutle River system to protect people and property 
downstream from the natural hazards associated with water and sediment. 
A landscape is engineered based on the values and perceptions of risk held 
by interested and affected parties. Such perceptions and values are not 
static, but change with time. Although it has been one-third of a century 
since the original decisions about hydraulic infrastructure in the system 
were made and implemented, management approaches in the region do 
not seem to have evolved commensurate with changes in values and risk 
perception. This chapter considers the engineered landscape, approaches 
to managing that landscape today, and the information needs associated 
with it. Nonengineering (i.e., nonstructural) measures have also been im-
plemented, but these are not included in this discussion.

An assemblage of hydraulic infrastructure was planned and built in 
the 1980s, including provisions to maintain water levels in Spirit Lake by 
boring a drainage tunnel, modifications to Coldwater and Castle Lakes, 
changes in the North Fork Toutle River channel, the addition of the sed-
iment retention structure (SRS) to capture sediments before they could 
enter the Toutle and Cowlitz Rivers, and flood levees farther downstream. 
The infrastructure reflected risk perception and values of the time as well 
as the best judgment of responsible authorities. Management strategies to 
date have focused principally on expedient engineering solutions rather 
than a systems approach. Decades past the initial response, values such as 
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those related to provision of ecological services and recreational benefits 
have gained currency in stakeholder perceptions. The dangers posed by hy-
drology, volcanism, and seismicity have not abated, but they have been lived 
with for 35 years, including by a generation that knows no other way of 
life. In the minds of many interested and affected parties, the hazards may 
not rival other consequences of the engineered landscape in importance.

The approach to choosing among alternatives for managing the region 
is described in the decision framework of Chapter 6. When considering 
alternatives, it is advantageous to consider the broad physical and social 
system within which they function and to recall long-standing principles of 
design practice for achieving reliability and safety. Whereas the committee 
recommends a systems approach to management of the region that consid-
ers both physical and social systems and solutions, such an approach has 
not been taken to date. Given the importance of both physical and social 
systems, discussion of the hydraulic infrastructure and decisions related to 
it are described separately in this chapter. Integrating risks associated with 
all these elements in a probabilistic risk assessment (PRA) is addressed at 
the conclusion of this chapter.

SPIRIT LAKE WATER LEVELS AND RISK 
OF CATASTROPHIC FLOODING 

Long-term management of Spirit Lake is of major concern because control 
of the lake level is instrumental in avoiding massive flooding downstream 
caused by breaching of the debris dam impounding the lake. Chapter 4 
summarizes potential breaching flood hazards as modeled by Swift and 
Kresch (1983), Dunne and Fairchild (1984), and Kresch (1992). The 
conclusion was that the consequences of a dam-breach flood from Spirit 
Lake would be catastrophic. An estimate of fatalities was not made; rather, 
the extent and depth of inundation were estimated, but there would be 
fatalities—possibly many. The reports and analyses of the period (USACE, 
1983) reflect this emphasis on danger. 

In response to concerns about rising Spirit Lake water levels, and as 
described in Chapter 3, the U.S. Army Corps of Engineers (USACE) 
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stabilized lake levels on a short-term emergency basis in 1982 with barge-
mounted pumps. Subsequently, four long-term alternatives to control water 
levels were considered: a buried conduit through the blockage, a surface 
channel over the blockage, a drilled tunnel through rock (with several pos-
sible alignments), and permanent pumping. Although the USACE initially 
identified the buried conduit as the preferred alternative (USACE, 1983), 
the 8,600-foot (2,600-m) tunnel through Harry’s Ridge was ultimately 
selected, which drained Spirit Lake water to South Coldwater Creek and 
then to Coldwater Lake, which by that time had itself been stabilized with 
a drainage channel across a natural bedrock sill. The capacity of the tunnel 
was designed to accommodate a p=0.01 annual chance (i.e., 100-year re-
turn period) flood followed by the Probable Maximum Flood (PMF) (see 
Box 5.1). The tunnel became operational in May 1985, and ownership of 
the tunnel was transferred from the USACE to the U.S. Forest Service 
(USFS). The geologic conditions, design, and subsequent performance of 
the tunnel are summarized by Grant et al. (2016a). The tunnel is the sole 
means of controlling water levels in Spirit Lake. Failure of the tunnel or its 

BOX 5.1
What Is the Probable Maximum Flood (PMF)?a

The Probable Maximum Flood (PMF) is developed based on the Probable Maximum 
Precipitation (PMP). The PMP is the greatest amount of precipitation for a given storm 
duration that is theoretically possible for a particular geographic location. The PMF is the 
flood that may be expected from the most severe combination of critical meteorological 
and hydrologic conditions that are reasonably possible in a particular drainage area. 
Dams are usually designed to safely pass what is termed the Spillway Design Flood 
(SDF) or Inflow Design Flood (IDF), which typically ranges from the 100-year flood to 
the PMF. The selection of an SDF or an IDF is usually based on the hazard category of 
the dam and the potential for loss of life or property damage that would result from a 
dam failure during a given flood.

aAdapted from the Association of State Dam Safety Officials (ASDSO; www.damsafety.org).
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long-term closure would leave the lake vulnerable to water level rise that, 
in turn, could lead to catastrophic failure of the debris blockage.

The tunnel is shut off and inspected annually. In the 1992 inspection, 
swelling and distress were observed within a 100-foot (30-m) section where 
the tunnel crosses a wide shear zone (see Figure 2.11). The tunnel was 
closed for repair in 1995 and 1996, during which time a stronger support 
system was installed within the affected section. There has been no sign 
of continued squeezing in the repaired section (Britton et al., 2016a), but 
squeezing has been observed in adjacent sections. Following the annual 
inspections of 2014 and 2015, the conclusion was drawn that another 
major repair is required. The committee is not aware if the deformation in 
the shear zone has been sufficiently characterized to determine if it is the 
result of heave or of movement along the fault. Similarly, the committee 
is not aware if there is potential for movement or deformation along the 
several other mapped shear zones or how such movement might affect 
the tunnel. Long-term operation and maintenance of the tunnel need to 
be informed by such analyses and also by analyses of the response of the 
tunnel to seismic shaking, to a large flood event that would fully pressurize 
the tunnel, and to other tunnel collapse scenarios.

Future Spirit Lake Management Alternatives Under Consideration

The USACE, in cooperation with the U.S. Forest Service (USFS), the 
U.S. Geological Survey (USGS), and the U.S. Bureau of Reclamation 
(USBR), conducted a potential failure modes analysis (PFMA) of four 
conceptual alternative Spirit Lake outlet strategies, which are listed in 
Table 5.1. The alternatives and the PFMA process are summarized by 
Grant and others (2016a). Among the goals of the analysis was identifi-
cation of uncertainties and risk drivers. It appears that the best available 
scientific and engineering information was used for the specialized pur-
pose of identifying the potential failure modes of five drainage concepts: 
the existing tunnel, the tunnel and its possible repair, a shallow conduit, 
pumping, and an open channel. Protocols followed during the analysis 
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were developed by the USBR and the USACE within the context of the 
federal dam safety initiative. The committee did not have direct access to 
the PFMA, and information about and conclusions drawn regarding the 
PFMA are based on summaries provided by Grant and others (2016a) 
and discussion with those authors during open sessions of committee 
meetings. The following text from Grant and others (2016) summarizes 
the procedures used in the PFMA. 

The risk assessment includes a consideration of the likelihood of breach-
ing of the blockage and an uncontrolled release of Spirit Lake as well as 
potential consequences should breaching occur. The likelihood of a release 
of lake water is a function of the likelihood that the posited loading 
process will occur, the likelihood it will cause the outlet to fail and allow 
the lake level to rise, and the likelihood that an intervention to prevent 
breaching of the blockage will be unsuccessful. After estimating the joint 
probability of this chain of events for each potential failure mode, the 

TABLE 5.1 PFMA Alternatives for Managing Water Levels at Spirit Lake 

Alternative Hydraulic Release Capacity

1.  Existing condition of Spirit Lake outlet 
project 

3' gate opening 
 

2.  Major rehabilitation of Spirit Lake outlet 
project 

4' gate opening

3.  Permanent pumping facility Same hydraulic capacity as full open 
tunnel

4.  Deep buried conduit across debris 
blockage

Same hydraulic capacity as full open 
tunnel

5. Riverine channel across debris blockage Unknown

SOURCE: USACE, 2016a.
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likelihood that a failure (lake release) will occur was broadly categorized. 
The team also assigned a level of confidence to the failure likelihood. (82)

The committee interprets the PFMA process to have been based on sci-
entific and engineering judgment rather than on quantitative modeling 
and analyses.

A PFMA is intended to identify possible modes of engineering failure 
of constructed dams but was applied in this case to determine modes of 
failure of the Spirit Lake debris blockage. The PFMA involved only con-
ceptual-level designs, however. No specific engineering designs were eval-
uated that would require quantitative engineering data, and no quantitative 
risk analysis was done that would require quantitative data on engineering 
performance. A full quantitative risk analysis would require broader and 
more detailed information. Because the PFMA did not include a formal 
quantitative analysis of the probabilities of failure modes, it is thus not a 
probabilistic risk assessment in the sense that the term is normally used in 
federal practice (NRC, 1994). Four significant uncertainties that drive risk 
for the tunnel option were identified, as was a qualitative description of the 
likelihood of failure for each of the drivers (see Table 5.2). 

The probabilities of the drainage failure modes were judged on a 
seven-step ordinal scale from “remote” to “failure observed.” These are 
failure modes of the drainage system, not of the blockage. With respect 
to a breaching failure of the blockage, two breakout scenarios were 
identified: (1) seepage through the blockage leading to internal erosion and 
(2) knickpoint erosion undermining the blockage and creating a channel 
(see Figure 5.1). These were not assigned probabilities: the presumption is 
that if the lake level achieves a critical elevation, breakout will occur. The 
committee did not have direct access to the results of the PFMA; instead, 
it relied on the summary by Grant and others, on discussions with some of 
those who participated in the PFMA, and on limited unpublished materials 
provided by the USACE in response to specific requests for information.

Alternate drainage directly to the North Fork Toutle River by means 
of pumping had been used before the tunnel was constructed in 1985, and 
it has been proposed as an alternative for the future either by constructing 
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a conduit (alternative 4 in Table 5.1) or an open channel from the south 
side of the lake (alternative 5) or by perpetual pumping (alternative 3). 
Changing the outflow works at Spirit Lake—for example, by shifting more 
or all the drainage now flowing into South Coldwater Creek to the North 
Fork Toutle River—could change the pattern and volume of erosion and 
thus the amount of sediment transported to the SRS. The current outflow 
of Spirit Lake averages about 300 cfs (cubic feet per second) (8.5 cms) with 
a target of 400 cfs (11.3 cms) under optimum conditions. This discharge 

TABLE 5.2 Potential Significant Risk Drivers for Existing Tunnel 

Potential Significant Risk Driver
Failure Likelihood
(confidence)

Probable maximum flood event overtops intake structure 
and leads to tunnel failure. Lake rises to elevation of 
contact between debris avalanche and overlying ashcloud 
deposit. Seepage erosion within ashcloud deposit leads to 
failure of debris blockage. 

Remote
(low)

Earthquake leads to significant displacement along faults 
crossing tunnel, which leads to tunnel blockage or failure. 
Lake rises to elevation for internal seepage erosion. 

Remote
(moderate)

An eruption triggers a lahar that flows into Spirit Lake 
and produces a debris-laden wave that damages intake 
structure and blocks flow into tunnel. Lake rises to 
elevation for internal seepage erosion. 

Remote
(moderate)

Extended closure during major tunnel repair leads to 
precarious lake level followed by significant hydrological 
event that results in uncontrolled flow into the tunnel. 
Tunnel subsequently fails.

Moderate
(low)

SOURCE: Grant et al., 2016a.
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 FIGURE 5.1 Schematic depiction of potential failure modes, outcome of failure mode 
on infrastructure, and ultimate potential consequence of outlet system failure. SOURCE: 
Grant et al., 2016a.

TABLE 5.3 Summary of Natural Hazard Events for Managing Spirit Lake Drainage

Hazard Examples

Hydrologic hazards Typical wet season, atypical wet season, PMF-type extreme 
event

Seismic hazards Shallow crustal earthquakes, deep intra-slab earthquakes, 
megathrust earthquake
 

Volcanic hazards Lahars, tephra fallout, pyroclastic flows, lava flows 

Geomorphic hazards Landslides (shallow and deep), channel avulsion across 
debris deposit, channel incision, knickpoint development, 
sediment transport 
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flows into Coldwater Creek, on a hard surface with minor erosion and 
sediment generation, and then into Coldwater Lake.

Each of the alternatives assessed during the PFMA was evaluated in 
consideration of the same hydrologic, seismic, and volcanic loadings. For 
example, from a hydrologic perspective, the analysis considered whether 
or not the drainage tunnel could safely pass the PMF. The PFMA also 
considered annual probabilities of maximum reservoir stage. No new data 
were gathered specifically for the PFMA, and no site-specific seismic 
analysis was conducted. Grant and others (2016a) note that the PFMA 
was informed by numerous completed regional studies that related to the 
Mount St. Helens Seismic Zone since the original tunnel was designed and 
constructed. The alternatives considered in the PFMA were not expanded 
beyond those considered in the 1980s. The performance of the engineered 
infrastructure is driven in large part by the hazards affecting management 
of Spirit Lake as identified by Grant and others (2016a), as summarized in 
Table 5.2 and as described in Chapter 4. These hazards affect human use of 
the landscape by influencing catastrophic and chronic flooding, sediment 
impacts, most ecological processes, and recreational values.

Uncertainties Regarding the Outlet Tunnel 

A number of uncertainties were identified by Grant and others (2016a) 
with respect to the management of the Spirit Lake tunnel. One of these 
is hydrological, relating to a need for better characterization of the PMF 
draining into the lake (see Box 5.1). The USACE has recently conducted 
a great deal of work to improve the characterization of the PMF (USACE, 
2016a). This work seems an adequate reflection of the current state of the 
art with respect to hydrology. The other uncertainties are geotechnical, 
having to do with the geometry, material properties, groundwater condi-
tions, and seismic performance of the tunnel and the blockage. A summary 
of information needs with respect to the outlet tunnel is shown in Table 5.4. 

In contrast to the amount of work done on the hydrology of Spirit 
Lake, up-to-date information on the geometry, geotechnical properties, 
and groundwater conditions of the blockage confining Spirit Lake need 
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TABLE 5.4 Geotechnical Information Needs Related to the Spirit Lake Outlet Tunnel 

Type Description Justification

Engineering
geology

Detailed geologic 
mapping of the tunnel. 
Stabilization of slopes 
at tunnel inlet and outlet 
portals.

Extending the life of the tunnel for the 
next 100 years will require an upgrade 
of the tunnel lining. Detailed engineering 
geology mapping is required to decide 
feasibility and to develop plans to 
improve the tunnel lining. Long-term 
stability, including seismic stability of the 
portals, is important for extending the 
design life of the tunnel.

Fault geology Mapping of faults 
and shear zones 
crossing the tunnel 
and evaluating their 
aseismic and seismic 
deformation potential.

Understanding potential fault 
displacement is necessary when 
considering the repair and long-term 
operation of the tunnel. The current 
information of the shear zones crossing 
the tunnel alignment may not be 
adequate.

Mount  
St. Helens 
Seismic Zone

Detailed evaluation 
of the source zone, 
potential extent of fault 
displacement, and 
strength of shaking.

This is necessary to evaluate the 
seismicity in this area and potential 
impact of fault rupture on the tunnel and 
debris blockage.

Site-specific 
seismic 
hazard 
analysis

A detailed seismic 
hazard analysis, 
including estimates 
of fault rupture and 
ground motion shaking, 
is needed as part of 
the rehabilitation of the 
existing outlet tunnel.

Generic data on seismicity in the 
region are insufficient for engineering 
safety evaluation of the tunnel.
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to be updated. Little information on geotechnical conditions has been 
gathered since the 1980s. While it is possible—and perhaps even likely—
that the groundwater conditions have changed little since the 1980s, and 
although geophysical studies have been conducted since, it is essential to 
verify current geotechnical conditions to serve as the basis for quantitative 
analysis.

Uncertainties Regarding the Debris Blockage

A site characterization program was undertaken in the 1980s and is 
 described in Chapter 2. An important finding of the characterization work 
was that the overlying ash deposits (see Figure 2.6) are likely to be suscep-
tible to internal erosion and piping. Reducing uncertainties related to the 
geotechnical properties and behavior of the blockage is mostly a matter 
both of obtaining better and more recent in situ data and of performing 
more extensive engineering analyses (Wynn et al., 2016). 

The groundwater regime does not appear to have changed significantly 
in the intervening years based on geophysical testing conducted in 2016 
(Wynn et al., 2016; see Figure 2.9); however, the extent of site characteriza-
tion in the 1980s using borings as well as that in the 2000s using geophysics 
is limited. Considerable uncertainty appears to remain about groundwater, 
pore pressures, and seepage within the blockage. The blockage is the linch-
pin in the Spirit Lake system. Were it not for the blockage, the concern 
over a breakout flood from Spirit Lake would be moot. Therefore, while 
the blockage appears to be stable, and while there have been few indicators 
in recent years of its mis-performance, prudence nonetheless indicates that 
an assurance of its current condition be confirmed.

To evaluate the possibility of using a surface channel to drain Spirit 
Lake, information is needed on the current geotechnical properties of the 
blockage and of the groundwater regime; the geometry that such a chan-
nel would require (e.g., it was suggested in the committee’s meetings that 
this channel would be too steep to accommodate fish passage or a sandy 
bottom); and the maintenance requirements necessary to maintain such 
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a channel. Much of this information was presumably considered in the 
1980s at the time of the original drainage decisions, but such informa-
tion would need to be updated, and economics studies (i.e., benefit-cost 
analysis) would probably need to be updated as well. There is nothing 
particularly difficult about collecting such information and making the 
related engineering and economic decisions, yet little modern engineering 
information has been collected since the 1980s. 

A summary of information needs with respect to the debris blockage 
is shown in Table 5.5.

Other Alternatives

Applying traditional principles of reliability and safety (see Box 5.2) is good 
engineering practice, and such principles were recognized in the PFMA 
process as reflected in the following passage from Grant and others (2016a):

During the risk assessment process and at other junctures, the question 
was raised as to whether there should be redundant or backup mecha-
nisms for getting water out of Spirit Lake. By this view, adoption of 
any new alternative for releasing water other than rehabilitating the 
existing tunnel would include maintaining the existing tunnel as a 
backup should the new design fail. (112)

The principle of redundancy of reliable design, however, was not accepted 
based on cost:

This option was not rigorously analyzed. While superficially an at-
tractive option, a problem with this approach is that maintaining dual 
infrastructure could double the amount of repair and maintenance re-
quired in order to keep both outlets functioning. Since the overarch-
ing objective of the risk assessment is to identify alternatives for safely 
draining the lake which require less intervention, having to maintain 
two facilities instead of one appears impractical. (112)
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TABLE 5.5 Information Needs Related to the Debris Blockage

Type Description Justification

Geology Accurate and precise mapping 
of the contact boundary 
between debris avalanche and 
overlying pyroclastic deposits. 
High-resolution delineation of 
the contact between boundary 
of debris avalanche and 
underplaying rock. 

Important in confirming 
critical elevation for 
breakout flood calculation 
and whether changes have 
occurred since the 1980s. 
Critical boundary for 
groundwater seepage and 
debris blockage stability 
analysis.

Geomorphology Detailed mapping of the 
landscape evolution of the debris 
blockage since the 1980 eruption.

Critical in identifying 
current condition of 
surface erodibility for open 
channel and buried conduit 
alternatives should these be 
reappraised.

Hydrogeology Detailed observation and 
description of the water table 
configuration and its evolution 
since the 1980 eruption to within 
modern margins of error for 
groundwater surveys.

Critical for identifying 
current conditions of 
permeability structure, 
piping development, debris 
blockage stability, and open 
channel and buried conduit 
alternatives.

Geomechanics Detailed characterization of the 
heterogeneity of debris blockage 
(pyroclastic, deposits, debris 
avalanche, and underlying rock)  
in shear strength and erodibility.

Critical in assessing current 
conditions of piping 
development, debris 
blockage stability, and open 
channel and buried conduit 
alternatives.
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BOX 5.2
Principles of Reliability and Safety

Decisions about alternatives for Spirit Lake and the Toutle River system depend importantly 
on the safety provided by them. The comparison of alternatives needs to recognize a 
number of traditional principles that enhance reliability and thereby safety. The more 
important of these are redundancy, diversity, segregation, defense-in-depth, fault tol-
erance, and fail-to-safe condition (described below). Incorporating these in decisions 
about alternatives helps ensure safety and motivates the search for additional alternatives.

Redundancy means that there is more than one way to achieve safety. Should one way 
not work there is another as a fallback.

Diversity means that there are different ways to achieve the same protection. Should 
one way not work it would not preclude another way from working. 

Segregation is the separation of redundant features by space or by barriers to prevent 
all or most from failing in the event of a common hazard. It means that output is served 
from different directions, thus attaining redundancy.

Defense-in-depth means that there are large margins of capacity over demand. The 
factor of safety against adverse performance in any mode that performance might 
occur is large. 

Fault tolerance means that a single fault will not cause loss of system function. This 
should include tolerance to human reliability where relevant.

Fail-to-safe-condition means that if the system does fail, it will be rendered to a harmless 
state. The consequences of a failure, should it occur, are minimal.

Despite this view, the committee heard from various interested and affected 
parties in attendance at the committee’s information gathering sessions, 
including some USFS staff, that redundancy in protection was desirable. 
Any trade-off of safety (or other desired outcome) against financial cost is 
one that should be engaged within a transparent decision process involving 
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interested and affected parties. The process may determine that the cost of 
redundancy is too high to be practical, but that is a trade-off to be made and 
quantified during application of a decision protocol. Guidance for making 
those determinations is provided in Chapters 6-8. It is also within the 
context of the decision framework that engineering and nonengineering 
solutions could be considered together to offer redundancy, where possible. 
Whatever solutions are ultimately considered, it needs to be remembered 
that if a reduction to a specific risk level by a given date is the desired 
outcome, then the specific actions in their appropriate sequence and esti-
mated costs will need to be incorporated into the analyses of alternatives 
(discussed in Chapter 7). 

As part of its task (see Box 1.1), the committee was asked “to iden-
tify possible alternatives for long-term management” of the Spirit Lake 
and Toutle River system. Considering other alternatives is consistent with 
the traditional principles of reliability and safety. The study sponsor, the 
USFS, understood that the committee would not provide a comprehen-
sive list of alternatives nor would the committee assess the viability of any 
options. The purpose of the request was to inject potentially new ideas 
into future decision-making processes, the viability of which would be 
quantified in future efforts by the USFS and other agencies with manage-
ment authority in the region. The next sections summarize some of the 
ideas generated during the committee’s brainstorming exercises. They are 
rough ideas, however, based on limited data, and therefore do not represent 
recommendations.

LowerIng the LeveL of SpIrIt Lake

Spirit Lake is a large body of water capable of producing catastrophic losses 
given catastrophic failure of the debris blockage. By maintaining a lower 
lake elevation and thus reducing the volume of water, the probability and 
consequences of risk in terms of loss of life and property could be lowered. 
The operating elevation of the lake is set at 3,440 feet (1,049 m), although 
it rises annually to about 3,448 feet (1,051 m) (see Table 5.6). This is a 
management decision, the justification for which is described in Grant 
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and others (2016a). Briefly, it is determined that the “effective dam crest 
elevation,” representing the contact between the debris-landslide deposit 
and the overlying pyroclastic deposits is located at approximately 3,490 feet 
(1,064 m). This contact elevation is relevant because of the erodibility of 
the pyroclastic materials. Water above that elevation could rapidly erode 
the pyroclastic materials. It was further assumed that both debris-avalanche 
and pyroclastic deposits would eventually consolidate, which would lower 
the contact point by as much as 15 feet (5 m), to an elevation of 3,475 feet 
(1,059 m). A piping analysis conducted by the USACE suggested that 
piping failure could occur with a sustained lake level above 3,460 feet 
(1,055 m) (USACE, 1983; Sager and Chambers, 1986). This elevation 
was thus chosen to be the safe lake level. To provide for short-term storage 
 capacity to cope with potential hydrologic and volcanic events, a freeboard 
of 18 feet (6 m) was deemed necessary. Thus, the safe operating elevation 
was set at 3,440 ft. The elevation of the tunnel control structure is at 
3,475 feet (1,059 m). That elevation is important not only because of the 
presumed interface between the more competent and permeable strata of 
the debris blockage but also because the tunnel becomes fully pressurized 
above that level and may suffer damage.

There appears to be no engineering reason why the lake could not 
be drawn down to further reduce risk. It is possible, however, that reduc-
ing storage by lowering the operating lake elevation could increase flood 
heights in the Toutle River downstream. Additionally, Spirit Lake provides 
recreation and ecosystem services (e.g., aquatic habitat), and lowering the 

TABLE 5.6 Key Elevations Related to Spirit Lake 

Elevation (m) Elevation (ft)

Crest of debris dam 1,079 3,540
Maximum operating level of lake 1,055 3,460
Safe operating level of lake 1,049 3,440
Gate bottom elevation 1,030 3,379
Depth of lake 56 185

SOURCE: Britton et al., 2016a.
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operating lake level may reduce these benefits. These potentially adverse 
consequences, of course, would need to be incorporated into the decision 
process.

Multiple options for lowering the lake level exist with corresponding 
trade-offs in cost, vulnerability to seismic loading, vulnerability to volcanic 
disturbance, and impact on sediment downstream. Most immediately, the 
entrance to the existing tunnel (see Figure 2.10) might be modified to 
lower the pool elevation by 36 feet (11 m). The USACE originally designed 
a drop structure at the entrance such that the bottom of the gate is located 
at 3,436 feet, while the invert of the tunnel is at 3,430 feet. According to 
the USACE, this drop was included in the design precisely to provide an 
option for modifying the tunnel entrance elevation if the need to lower 
the lake arose because of the blockage becoming unstable (email from C. 
Budai, USACE, to S. Magsino, November 29, 2016). 

dry emergency SpILLway

A dry emergency spillway could be constructed over the debris blockage 
in the event of an uncontrolled increase in lake level due to tunnel failure 
or major renovation, among other reasons. Unlike the open channel alter-
native (alternative 5 in Table 5.1), the emergency spillway would not carry 
flow from Spirit Lake except under emergency conditions. Its headworks 
and the entire spillway can be constructed at a higher elevation than the 
tunnel inlet resulting in lower construction and maintenance costs than 
for a non-dry operating channel. Additionally, because the spillway would 
divert water only when the lake is at or near maximum safe elevation, no 
gates are required at the entrance. The operation of the spillway is entirely 
passive.

Such a spillway provides redundancy to the existing tunnel-based lake 
level management strategy. It adds diversity in that the two outlet options 
represent different technologies and operating modes. To the extent that 
the emergency spillway and the existing tunnel are physically separated, 
the resulting segregation reduces vulnerability to some kinds of volcanic 
or tectonic events.
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To perform all these functions, the emergency spillway must remain 
structurally sound and free of blockages over time, despite the possibility 
of various volcanic and tectonic events. This requirement is the same as 
that applying to any form of open channel discharge. In the absence of a 
Spirit Lake water level emergency, though, the spillway is either dry or 
subject only to ephemeral flows (local drainages). Therefore, inspection and 
repairs should be easier to accomplish than in the case of an open channel 
that handles the entire lake drainage. Its effects on the debris blockage and 
rates of downstream sediment transport need to be considered during the 
decision-making process.

Second draInage tUnneL

During the committee’s open session meetings in Kelso, Washington, the 
committee heard from some participants about a desire for redundancy 
in protection. There was concern that having only a single means of con-
trolling water levels leaves the region vulnerable should issues arise with the 
tunnel. Construction of a second tunnel, located on the east side of Spirit 
Lake, would offer such redundancy, and it could offer other advantages as 
well. Foremost are reducing the impacts of geologic hazards and providing 
flexibility in the management of lake level and sediments in the system. 
While not inexpensive, a second tunnel could allow those with manage-
ment authority greater flexibility to work toward a range of long-term 
objectives—from reducing the hazard of debris blockage overtopping to 
being able to restore more natural drainage conditions less dependent on 
engineering interventions. A second tunnel intake placed at a low enough 
elevation could allow for full control of lake levels. If that is achieved, 
it is conceivable that future management of the system could include a 
free-overflow surface channel through the debris blockage. Such a channel 
might be created in a controlled manner to re-create the pre-1980 flow 
patterns from Spirit Lake to the North Fork Toutle River.

A tunnel could be constructed along alignments A, B, or D, as shown 
in Figure 5.2. These were alternate alignments suggested during the orig-
inal tunnel planning. The east side of the lake is farther away from debris 
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blockage, active geologic faults, and extensive surface erosion. A new tun-
nel could be located within competent bedrock with minimum faults and 
seismic effects. Since the difference in elevation between the lake water 
level and nearby streams or creeks east of Spirit Lake that drain into the 
Lewis River is about 1,200 feet (400 m), the tunnel could be gravity-fed, 
open-channel, or pressurized. The impact of routing water to the existing 
hydroelectric power reservoir system could be minimal, but it would need 
to be explored. If designed appropriately, the flow from the second tunnel 
could be used to generate electric power.

The second tunnel might remove nearly all risks of the identified po-
tential failure modes in the proposed alternatives of the PFMA. If installed, 

Existing
Possible Additions

FIGURE 5.2 Original suggested tunnel alignments. Existing tunnel alignment (circled 
in red) drains Spirit Lake to the west, through Harry’s Ridge toward South Coldwater 
Creek. Possible tunnels might drain to the east, toward Smith Creek. SOURCE: Modified 
from USACE, 1983.
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the existing tunnel could then be thoroughly rehabilitated without con-
cern about uncontrolled rise in the lake level. It could also be possible to 
convert the Harry’s Ridge tunnel to a pressure tunnel or construct a lower 
intake level to allow for further lowering of the lake (as described earlier). 
Two working tunnels provide multifold flexibility in water routing, tunnel 
maintenance, lake water control, and sediment control. In the event of a 
potential eruption of the volcano, the water level in Spirit Lake could be 
drained to a desired state. The discharge of Spirit Lake water can go either 
southeastward or northwestward as needs dictate. The current Toutle River 
system will still exist, but with a discharge downstream of the Coldwater 
Creek confluence diminished by 300-400 cfs (8-11 m3/sec). The reduction 
in discharge could have negative impacts that would need to be explored. 
If the reductions were temporary until more natural flow patterns could be 
established, the long-term benefits might outweigh the short-term con-
sequences. These are considerations that would have to be worked out 
through the decision-making process.

MANAGING SEDIMENTS

As described in Chapter 3, the USACE developed a 50-year plan to man-
age sediment associated with the 1980 eruption so as to maintain autho-
rized flood risk levels along the Cowlitz River (USACE, 1985). Table 5.7 
provides a timeline of events related to sediment management in the re-
gion. The USACE designed, built, and began operation of the 1,888-foot-
long (575-m) and 184-foot-high (56-m) SRS on the North Fork Toutle 
River (see Figure 2.9) to capture medium- to coarse-grained sediments and 
allow finer particles to flow downstream in suspension to the Columbia 
River and out to sea. 

The history of the SRS involves three phases (USACE, 1985). In 
Phase I (1989), sediments reached the level of the spillway, the pipe out-
lets were closed, and water began spilling over the spillway. Storage at this 
date was approximately 45 my3 (34.4 mm3). This followed expectations, 
more or less. The fine fraction of the sediment load (silt, clay, and sand 
finer than 0.125 mm) remains in suspension when it reaches the Cowlitz 
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River and is flushed to the Columbia River. In Phase II (1998), a wedge of 
additional storage formed at low gradient on top of the Phase I sediment 
plain. Storage in this wedge was approximately 145 my3 (110 mm3). An 
increasing percentage of larger sediment fractions washed over the spillway 
and was transported downstream. In the 2010s, grade building structures 
were placed in the sediment plain to encourage the development of the 
wedge. In Phase III, upstream bed becomes coarser as more sand fraction 
is washed over the spillway, and the slope of the plain steepens. Phase III 
storage is an additional approximately 68 my3 (52 mm3) (USACE, 2012).

By 2007, 4 to 5 million tons of sand had been transported from the 
Toutle River valley into the Cowlitz River (Biedenharn Group, 2010), 
where sand tends to settle and reduce flood conveyance capacity. This sand 
supply will increase in high-flood years and whenever the sediment fill 
approaches the spillway elevation. In 2006, it was concluded that flood 
protection provided by the levees along the lower Cowlitz River had been 

TABLE 5.7 Timeline of Events and Sediment Management Actions by the USACE 
with Respect to the SRS from 1980 to Present 

Year Event or USACE Action

1980 Eruption—More than 3 billion cubic yards of material displaced
1980-1983 Emergency responses
1985 Decision document finalized (original plan laid out)
1989 Sediment Retention Structure constructed
1993 Fish Collection Facility operated/maintained by State
1998 Top (and last) row of pipes closed at the SRS
2005 Cowlitz River sediment build-up at mouth; increased flood risk
2007-2009 Dredging in Cowlitz River at mouth 
2009 Castle Rock Levee Cut-Off Wall
2010 Pilot Grade Building Structures constructed
2012 SRS Spillway Crest raised
2010-2015 Update to Long Term Plan with final draft SEIS
2016 Draft Biological Opinion received

SOURCE: Kuhn and Sclafani, 2016.
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degraded by these sedimentation processes (USACE, 2006). To respond 
to its commitment to provide certain levels of flood protection to the 
communities in the Cowlitz River floodplain (see Table 4.1) the USACE 
dredged the mouth of the Cowlitz River channel in 2007-2009 and im-
proved the Castle Rock levee. In the absence of dredging, the observed 
trend of  diminishing channel capacity was expected to continue and spread 
upstream, further reducing protection levels (USACE, 2006). Evaluation 
of such a plan required a new evaluation of the likely trajectory of sediment 
supplies from the Toutle River valley.

The strategies adopted for reducing impacts of this sediment load on 
downstream channel stability and flood conveyance capacity have included 
temporary check dam structures to capture a portion of the sediment within 
the North Fork Toutle River valley, raising and strengthening engineered 
flood levees along the lower Cowlitz River, and dredging the lower Cowlitz 
River to maintain navigation and flood conveyance capacity as necessary. 

Sediment Budget and Management of the SRS 

The flow of sediments into the SRS since 1980 is shown in Figure 5.3. Sed-
iment flow may be slowing; but, based on communication with technical 
experts during the course of the study, that conclusion does not seem unan-
imous. Projections of future sediment yield have been lowered (Kuhn and 
Sclafani, 2016). The annual mean rate of sediment accumulation behind 
the structure is about 5 million cubic yards (3.8 million m3), but there have 
been spikes up to 20 million cubic yards (15 million m3). Large volumes 
of sediment are still expected to move off the Mount St. Helens debris 
avalanche for many years, and sediment deposition in the lower Cowlitz 
River remains a concern (USACE, 2014). About 80% of the volume of 
sediments accumulated to date originates in the debris avalanche. 

Many uncertainties affect management decisions with respect to 
the SRS. The first is the future sediment yield off the debris avalanche. 
The sediment yield is related to volcanic activity at the mountain, but 
it is also related to hydrologic events. Conclusions from recent scientific 
studies vary: some predict persistently high sediment loads (Major, 2004; 
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 Meadows, 2014), while others predict a reduction of the loads (Simon and 
Klimetz, 2012).

Based on these studies, the USACE reevaluated management options 
for sediment control for the authorized planning horizon to 2035 ( USACE, 
2010a). The analysis confronted two contrasting projections: one argued 
that sediment supplies are declining (Simon, 1999; Simon and Klimetz, 
2011); the other argued that there is no evidence that sediment supplies 
are declining (Major, 2004; Grant et al., 2016a). Direct measurement of 
sediment loads throughout the post-eruption period led Major (2004) to 
conclude that “persistent, extraordinary suspended sediment yields from 
severely disturbed channels indicate that mobile supplies of sediment re-
main accessible, and those supplies likely will not be exhausted for many 
more years or possibly decades.” A more recent review of empirical records 
to 2009 supports a similar conclusion (Grant et al., 2016a).

The USACE commissioned a new study of the post-eruption sediment 
budget of the Toutle-Cowlitz river system with projections of sediment loads 

0

5

10

15

20

25

30

35

40

1980 2000 2020 2040 2060 2080 2100

Se
di

m
en

t Y
ie

ld
 (M

C
Y)

Water Year

Major et al. (2000) Assumption

USACE Decision Document
(1985)
Simon et al. (Draft 2011)

WEST 2002

Observed Avalance Erosion

Max Meadows Thesis (2014)

Min Meadows Thesis (2014)

FIGURE 5.3 Flood debris avalanche sediment load. SOURCE: Kuhn and Sclafani, 
2016.
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to 2035 (Biedenharn et al., 2010; Biedenharn Group, 2010). This study, the 
most thorough and multifaceted one to date, was based on a combination 
of post-eruption records of both erosion and sediment transport and on 
empirically calibrated hydraulic and statistical modeling. It separated the 
behavior of different grain sizes of sediment, which is important for assess-
ing which sediment escapes from the SRS and which settles in the Cowlitz 
River channel. 

The Biedenharn Group (2010: 149) concluded that evidence for a 
decline in the rate of debris-avalanche erosion over the past 20 years is 
not a sufficiently reliable base from which to project into the future. They 
estimated that the most likely sediment loading from the avalanche de-
posit by 2035 was 233 million tons (± 25-40%); they further estimated 
that after the SRS filled to the spillway elevation in 1998, approximately 
80% of the sediment supply to the Toutle River mouth consisted of output 
from the SRS, with the South Fork Toutle River catchment providing 
another 13%. The study also concluded that between 2008 and 2035, with 
no changes made to the SRS, the most likely sediment load at the Toutle 
River mouth was 173 million tons—but with a range from about half to 
two times that value and a more likely uncertainty range of about one-
third  (Biedenharn Group, 2010). These projections assume no volcanic-, 
seismic-, or  extreme-weather-related disruptions of the watershed.

These and other forms of evidence collected in their own sediment 
budget investigation led the USACE (2011) to adopt the more conser-
vative interpretation of future sedimentation outcomes and to design an 
adaptive approach to managing the sedimentation risk for the remainder 
of the planning period to 2035. The adaptive management plan (USACE, 
2014) involved three components: (1) A two-stage elevation of the spillway 
of the SRS, which would minimize cost and include the second increment 
only if necessary before 2035. The new spillway heights would be 7 feet 
(2.1 m) (completed in 2015) and then as high as 23 feet (7 m) as necessary 
above the original level. (2) Adaptable, incremental installation of grade 
building structures to increase flow length and resistance in the sediment 
plain upstream of the SRS to reduce transport capacity and increase deposi-
tion. (3) Continued dredging of the lower Cowlitz River channel as needed.
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The reduction in spillway capacity caused by raising the spillway was 
considered conservative because: First, any conceivable mudflow that might 
be generated by a breakout of Castle Lake, or from a volcanic event in the 
Mount St. Helens crater, would result mainly in deposition upstream of 
the spillway and not tax the spillway capacity (Denlinger, 2011). But the 
current spillway would not accommodate a Spirit Lake breakout. Second, 
a reevaluation of the PMF for the location, based on updated methodology 
and gauged information, reduced the PMF by almost 50% (USACE, 2011). 

The seismic behavior of the SRS and the sediment plain it retains 
is also uncertain. The peak ground acceleration associated with a maxi-
mum considered earthquake (MCE) as used in design is 0.61g (Britton et 
al., 2016a). This is relatively large. Assuming the sediment plain liquefies 
during this earthquake, the embankment is computed to have a factor of 
safety against instability of FS=1.3 (Britton et al., 2016a). That means that 
the resistance of the SRS structure to the loads imposed on it in such an 
event are 30% greater than the loads; thus, the SRS is considered stable 
under earthquake loading—even if the impounded sediments lose their 
strength (liquefy) during the event.

With the filling of the SRS to the spillway, larger grain size sediment 
is again flowing down the Toutle River. Without action, the USACE esti-
mates that 20 to 70 million cubic yards (15 to 54 million m3) of sediment 
will flow into the Cowlitz River by 2035 (Stepankowsky, 2009), some of 
which will accumulate there. As a point of reference, the corresponding 
total load after the 1980 eruption was about 30 million cubic yards (23 
million m3). Intensive dredging was required in the Cowlitz and Columbia 
Rivers as a result. 

The USACE is considering four alternatives for future flood risk man-
agement in the Cowlitz River sediment plain in the wake of the spillway 
rise in 2012. These are described in detail in USACE (2014) and are only 
listed here:

1.  No action to manage sediment and maintain the established levels 
of protection (LOPs).

2.  Lower Cowlitz River dredging only.
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3.  Raise the SRS spillway one time by 43 feet (13 m) and the SRS 
dam by 30 feet (10 m) without additional dredging.

4.  Phased construction with two incremental raises of the SRS spill-
way totaling 23 feet, additional grade building structures in the 
sediment plain, with dredging as needed.

The USACE identified this alternative as its preferred and recommended 
plan.

The USACE (2014) indicates that the preferred alternative would 
have major adverse effects on fish in the upper North Fork Toutle River 
area. Sediment deposition in fish habitat and a temporary rise in water 
temperatures would result from post-construction water impoundment. 
Mitigation would be implemented, but the current preferred alternative of 
a spillway raise does not include a mechanism for fish passage. A summary 
of information needs with respect to the SRS is shown in Table 5.8.

TABLE 5.8 Information Needs Related to the SRS

Type Description Justification

Engineering
characterization 
of the sediments

A detailed investigation is needed 
to evaluate the engineering 
properties of the SRS sediments, 
including strength, stiffness, and 
shear wave velocity. 

No information is currently 
available on these sediments 
to evaluate their engineering 
behavior during a seismic 
event.

Site-specific 
seismic hazard 
analysis

A detailed seismic hazard analysis, 
including estimates of fault rupture 
and ground motion shaking, is 
needed as part of the rehabilitation 
of the existing outlet tunnel. 

Generic data on seismicity 
in the region is insufficient 
for engineering evaluation 
of the SRS.
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MANAGING CHRONIC FLOOD RISK

As has been described, the lower Toutle River and the lower Cowlitz River 
floodplain are subject to chronic flooding from the Toutle River as a re-
sult of the increased sediment in the river channels. For example, in the 
flood of February 8, 1996, the Toutle River watershed (drainage area 496 
square miles [1,285 km2]) contributed 61,800 cfs (1,750 m3/sec) of the 
112,000 cfs (3,171 m3/sec) peak flow passing the Castle Rock gauge on the 
reservoir-regulated Cowlitz River (drainage area 2,238 square miles [5,796 
km2]) on the same day (USACE, 2014). Flows from the upper Cowlitz 
River north of the confluence of the Toutle and Cowlitz Rivers are mostly 
controlled by the Mayfield and Mossyrock Dams operated by Tacoma 
Power. The current levels of authorized flood risk reduction in the lower 
Cowlitz River, for which the levee system is sized, are listed in Table 4.1. 
These are provided by levee projects at Castle Rock, Lexington, Kelso, and 
Longview, the locations of which are shown in Figure 5.4. The authorities 
for these LOPs are granted in P.L. 99-88 (1985) and are specifically to 
“provide flood protection for developed areas along the Cowlitz River and 
navigation on the lower Columbia and Cowlitz Rivers”; they are likewise 
granted in Section 339, Water Resources Development Act of 2000,1 which 
“clarified that the [USACE] maintain levels of flood protection specified 
in 1985 Decision Document.” The river channels that drain the Mount St. 
Helens area consist of broad alluvial reaches with moderate to low gradients 
(0.005 to 0.03), whereas the gradient in the lower Cowlitz River drops to 
0.0008 ( Janda et al., 1984), which can contribute to sediment deposition 
and flooding. With time, LOPs in the lower Cowlitz River will decrease 
due to this settlement accumulation (see Figure 5.5). 

Four possible engineering solutions were considered by the USACE 
to manage sediments (and therefore chronic flooding) in the Toutle 
and Cowlitz Rivers. There are other engineering and nonengineering 

1 P.L. 106-541.
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FIGURE 5.4 Locations of levees on the lower Cowlitz. SOURCE: USACE, 2010b.

 alternatives2 for flood-risk reduction in the lower Cowlitz River flood-
plain that are not considered in current planning and that are not nec-
essarily  mutually exclusive. They might involve, for example, creating a 
wider floodplain by removing structures and creating levee crevasses or 
re operation of  Mossyrock Dam, which feeds water to the upper Cowlitz 

2 Some nonengineering solutions might include restricting new development to the current 
500-year (p=0.002) floodplain or expanding the purchase of flood insurance or enhancing emergency 
management plans for both routine and catastrophic events. These and other nonengineering solutions 
could be done in lieu of or in concert with engineered solutions. Chapter 7 provides guidance on how 
alternatives with combinations of structural and nonstructural solutions can be compared.
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FIGURE 5.5 Authorized levels of protection (LOPs) for Lexington-Longview, Kelso, 
and Castle Rock are shown in dashed line. LOPs for Longview and Kelso remain above 
authorized until 2035, but those of Castle Rock and Lexington depend on the 2014 
Plan. LOPs for lower Cowlitz decrease into the future due to settlement accumulation 
if the actions adopted under the 2014 Sediment Management Plan are not enacted. 
SOURCE: USACE, 2014.

River. Interim actions to address current sediment management require-
ments to maintain flood damage reduction benefits while the long-term 
sediment management plan is updated have been undertaken. 

Flood Levees

The levees originally were built using a range of materials, some poorly 
suited to levee construction and having the corresponding impacts on 
 stability and protection that would be expected under such circumstances. 
LOPs are variable. The levees have been improved several times, includ-
ing nonengineered and temporary improvements. In 2010, the USACE 
evaluated whether the safe water levels (SWLs) for the levees were below 
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authorized LOPs. The SWL is the highest flood that the levee can re-
liably withstand without geotechnical distress or overtopping. Based on 
this analysis, the USACE determined that LOPs were met for the North 
Kelso and Longview levees, but were below authorized levels for Castle 
Rock, Lexington, and South Kelso (USACE, 2010b). Levee heights are 
variable and dip below the SWL at multiple locations (see Figure 5.6). 
The determination that the Longview levee meets the LOP is based on 
an assumption that the diking district can temporarily raise the levee to 
meet the LOP during high-water events. It is worth noting, however, that 
all levee heights are above the 1996 flood elevation.

At the lower Kelso levee, the SWL was lowered by the USACE be-
cause seepage on the landward slope can lead to sloughing of the cohe-
sionless sand that forms the foundation of the levee (USACE, 2010c). 
Material below the Castle Rock levee ranged from “well to poorly graded 
sand, with silt or gravel, and occasional clayey sand. The compactness of 
the foundation soil ranges from loose to very dense” (USACE, 2010b). 
Conversely, the SWL was lowered on some levees (i.e., Kelso levee south 
of Olive Street) because dredge spoils had been removed from the river-
side of the levee, which could lead to seepage during high-water events. 
Thus, the geotechnical stability of the levees is variable and dependent on 
the local diking districts managing the levees during high-water periods. 

The Lexington and Castle Rock levees are particularly vulnerable to 
the flooding impacts associated with sediment loads. Since these are areas 
where losses are lowest from a regional perspective, however, the analysis 
of viability of nonstructural alternatives, such as relocating these com-
munities, may be inadequate. Similarly, analysis of the combinations of 
structural and nonstructural alternatives has not, to the knowledge of the 
study committee, been conducted. As stated in the USACE external review 
of the Sediment Management Plan, “the effectiveness of the final array of 
alternatives in addressing sediment transport beyond the year 2035 could 
potentially show different economic and environmental results than if only 
the period until 2035 was considered. This could alter the selection of the 
recommended plan” (Batelle, 2014). 
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The transport of sediment, including debris flow events, from the 
Mount St. Helens area can significantly increase the flood hazards.  Debris 
flows are initiated by mobilization of landslides, volcanic melting of snow-
pack, and flood surges, with the most damaging flood events associated 
with the entrainment of sediment during large flood surges (Major et al., 
2005). The USACE has yet to forecast how much future sediment buildup 
would reduce flood risk protection in the Cowlitz River, although interim 
actions as noted above have been undertaken. A cut-off wall was also added 
to the levee reaches in Castle Rock to alleviate potentially destabilizing 
underseepage. The principal uncertainties have to do with the volume 
and timing of future sediment releases over the SRS and the consequent 
amount of bed elevation in the Cowlitz River channel, especially in the 
vicinity of the three riparian municipalities.

Information needs with respect to flood risk reduction in the lower 
Cowlitz River are more modest than are those with respect to other aspects 
of the management of the system. The main uncertainties that require 
 better information are those related to the potential for nonstructural strat-
egies of a flood risk reduction and those related to the rate of future sedi-
ment accumulation in the lower Cowlitz. A summary of information needs 
with respect to the levees and flood risk reduction is shown in Table 5.9.

SHORT- AND LONG-TERM MANAGEMENT

Although authorization for management of various elements of the Spirit 
Lake and Toutle River system extend through 2035, the need for active 
risk management of the Spirit Lake and Toutle River system does not end 
at some arbitrarily authorized date. Management decisions need to be 
planned with a long-term perspective, irrespective of the vagaries of current 
political pressures. Agreeing on a management time horizon, however, 
needs to be done in the context of a decision protocol because the interests 
and needs of different interested and affected parties may only be met given 
specific time frames. Identifying a time horizon may result in institutional 
and social conflict given the different strategies that might be required for 
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the different time frames. Factors affecting the choice of time frame are 
discussed in Chapter 6. 

Recommendation: Alternatives for managing the Spirit Lake and Toutle 
River system should be judged over both short and long time frames 
to ensure consideration of the range of the concerns of interested and 
affected parties. 

Engineered elements such as the tunnel, the SRS, and levees are part 
of the Spirit Lake and Toutle River system and have a finite engineering 
design life. The choice of time frame for risk management decisions related 
to their design, construction, and management is critical and therefore 
must be explicit. Legislated time frames, however, such as the 50-year 
open construction period for the SRS—typical for many infrastructure 

TABLE 5.9 Information Needs Related to Levees and Flood Risk Reduction

Type Description Justification

Evaluation of 
nonstructural 
strategies for 
reducing flood 
losses

Data and analyses 
supporting nonstructural 
strategies, including 
relocating communities, is 
lacking.

Information needed to judge 
whether nonstructural solutions 
are viable is not now available. 
Nonstructural solutions alone or 
in combination with structural 
solutions might provide optimal 
alternatives to management.

Evaluation of 
future sediment 
accumulation

The USACE has yet to 
forecast how much future 
sediment buildup would 
reduce flood risk protection 
in the Cowlitz River, 
although interim actions 
have been undertaken. 

The principal uncertainties have 
to do with the volume and timing 
of future sediment releases over 
the SRS and the consequent 
amount of bed elevation in the 
Cowlitz River channel, especially 
in the vicinity of the three 
riparian municipalities.
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projects—may preclude consideration of system management activities 
such as restoration. Choosing among alternatives given consideration of 
management over a single time frame may limit flexibility in management 
over the long term and may, in fact, increase long-term costs. Furthermore, 
the longer-term risks and financial burdens left unaddressed in a given 
time frame will become the responsibility of future residents and taxpayers. 
Active assessment of alternatives given multiple time frames can inform 
the selection of both the most appropriate alternatives and the time frames 
given the impacts and trade-offs associated with either. 

OPERATIONAL RISK

The evolving landscape of the Spirit Lake and Toutle River region is now 
dominated by the engineering conducted within it since the 1980 eruption 
of Mount St. Helens. The engineered landscape was originally created to 
protect those living in the Toutle and Cowlitz River basins from natural 
hazards resulting from the eruption, but that engineering has had large-
scale and important effects on the ecology, geomorphology, and landscape 
values of the region. Federal, state, and local responsibilities for managing 
this system are inevitably complex, expensive, and indefinite. Engineering 
needs to adapt to both the evolving natural environment and the prefer-
ences and needs of interested and affected parties. Any thought of a natural, 
unmanaged environment is unrealistic.

The engineering itself introduces risk beyond those caused by natural 
events. Such risks are caused by the operation of the engineered facili-
ties; historically, operational risks to, for example, dam safety may be large 
(Leveson, 2011; Hartford et al., 2016). Operational risks may result by 
policy and procedures, by instrumentation and supervisory control and 
data acquisition (SCADA) systems, by inaccessibility to the site at a time 
of urgency, by human errors, or by many other factors (Leveson, 2011). 
Operational risks in a complex system such as the engineered landscape 
of the Spirit Lake and Toutle River region may exceed risks due to natural 
hazards, engineering design, or other factors that more commonly appear 
in risk assessments (Regan, 2010). 
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Large rises in Spirit Lake water levels have been associated with pe-
riods of extended tunnel closure for maintenance or repair (Grant et al., 
2016a), for example, as in 1996 and 2016 (see Figure 5.7). The associated 
hazard is that if the tunnel remains closed, lake levels may rise uncontrol-
lably. Even though precautions are taken to prevent such an operational 
risk, the risk still exists. The possibility of a dramatic and quick rise in 
lake levels during tunnel closure has led to an operational bias of avoiding 
tunnel closure more than was necessary. Occupational safety and health 
risks may also be introduced by operational factors. Access to the tunnel 
intake for management activities (including opening and closing the gates 
and wood removal), for example, can be dangerous, particularly during bad 
weather in winter months. This concern was voiced by USFS personnel to 
study committee members during the committee’s open session meetings. 
It is necessary to recognize operational risk explicitly when considering en-
gineering reliability; thus, operational risks to personnel (or decisions that 
reduce that risk) need to be considered as part of the final decision-making 
framework. 
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FIGURE 5.7 Daily water-surface elevation of Spirit Lake from October 1987 through 
September 2016 from the U.S. Geological Survey gauge at Tunnel at Spirit Lake, 
Washington (14240304), with normal operating level and maximum elevation for 
safe operation. Gray vertical bars indicate periods of extended tunnel closure, and 
stars indicate the timing of the 10 largest 1-day inflows during the period of record. 
SOURCE: Grant et al., 2016b.
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Operational risks arise in many aspects of the risk management plan 
for the Spirit Lake and Toutle River system. This is true irrespective of 
the drainage alternative used for the lake—be it a tunnel, surface channel, 
conduit, or pumping—or for any infrastructure put in place in the system. 
All of these involve operations and consequently operational risk, although 
the levels of operational risk associated with the various alternatives are 
not all the same. They all involve the vagaries of weather, human opera-
tors, sensors, SCADA systems, and other practical factors. It may be that 
the larger risks posed by the system derive from these operational factors 
rather than from natural hazards and extreme events alone (Hartford et al., 
2016). Given that the Spirit Lake and Toutle River system is an engineered 
system, it needs to be managed and operated by a cognizant authority. As 
such, the risks that attend it arise not only from natural hazards but also 
from the human operations that direct it. 

Recommendation: Operational risk should be explicitly considered 
when evaluating alternatives for management. 

INTEGRATION USING PROBABILISTIC  
RISK ASSESSMENT

The effectiveness of the engineered landscape is today commonly appraised 
by the use of a probabilistic risk assessment, or PRA. This approach is 
common to most modern infrastructure studies as well as to the evalua-
tion of natural and technogenic hazard mitigation: for example, as applied 
to dam and levee infrastructure (see NRC, 2012b). Modern approaches to 
risk management are increasingly based on PRAs that address the capa-
bility of a system to withstand extreme loads. A PRA is especially useful 
in appraising design and rehabilitation decisions and which design loads 
and corresponding factors of safety must be chosen. Assessing operational 
risk involves considering the vagaries of weather, human operators, sen-
sors, SCADA systems, and other operational factors. It may be that the 
significant risks posed by the system derive from these operational factors 
rather than from natural hazards and extreme events alone.
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The incorporation of natural hazard risks in a decision framework is 
now common in public policy planning and infrastructure risk manage-
ment. The uncertain occurrence of hydrologic, volcanic, and seismic hazard 
events in the Spirit Lake and Toutle River region is typically described in 
annual exceedance probability curves of their magnitude. Operational risks 
as discussed above are also important to infrastructure risk management. 
A PRA provides the platform for integrating the many hazards affecting 
the Spirit Lake and Toutle River system and for combining those hazards 
and their potential consequences within a formal decision protocol as dis-
cussed in Chapters 6-8. Without a quantitative analysis of these risks it is 
not possible to balance the opportunities and investments to achieve the 
most advantageous outcomes. The implementation of a PRA for the Spirit 
Lake and Toutle River system is not difficult given the current level of 
understanding of the system, the history of evidence-based analysis of the 
natural conditions of the basin, and the foundation of data already acquired. 
Methods of conducting a PRA in common practice in such closely related 
fields of science and engineering as volcanology, civil engineering, and ac-
tuarial science provide a well-exercised basis for applying this methodology.

Probabilistic Risk Asessment

A PRA is a systematic approach to evaluating risks associated with com-
plex engineered systems such as the Spirit Lake and Toutle River sys-
tem. A PRA addresses the types and magnitudes of hazardous events that 
might load a system, the performance of that system under these loads, 
and corresponding adverse consequences that might result. A PRA is an 
essential component of modern public policy decision making, especially 
in the context of complex engineered infrastructure (Yohe, 2010) and is a 
necessary input to the decision framework of Chapters 6-8. The decision 
framework recommended in this report cannot be fully leveraged without 
a quantitative understanding of the risks presented in the system.

The common modern convention for a PRA in closely related fields 
is the threat-vulnerability-consequence (TVC) model, shown schemati-
cally in Figure 5.8. “Threat” (or hazard) is quantified in the probability 
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of load events occurring against the system. “Threat” is a term commonly 
associated with man-made or malicious actions, while “hazard” is a term 
commonly associated with natural processes, as in the case of the Spirit 
Lake and Toutle River system. “Vulnerability” is the expected performance 
or damage to the system given a load event of certain description. In struc-
tural, earthquake, geotechnical, and dam safety engineering, vulnerability is 
usually replaced by the term “fragility,” which is the conditional probability 
of adverse performance (e.g., failure) of the system given a load event of 
certain description. “Consequences” are typically quantified in economic 
costs, environmental impacts, and loss of life.

A hazard in the present context is any real or potential element that 
may result in adverse performance of the system leading to undesirable 
consequences. Hazards are identified by historical review of past events, by 
functional analysis of modes in which a system can fail (e.g., PFMA), or 
by expert appraisal (Kumamoto and Henley, 1996). In some applications, 
design and construction flaws are also treated as hazards, but that is outside 
the normal TVC paradigm. Those who will use the results of any PRA 
for decision making will need to be involved in deciding how such factors 
should be counted in the PRA. The vulnerability of a system is the damage 
expected for a given hazard load. The fragility is the chance of failure or 
adverse performance for a given hazard load. The concepts are related, and 

FIGURE 5.8 Threat-vulnerability-consequence model of probabilistic risk assessment. 
SOURCE: Adapted from Grossi and Kunreuther, 2005.
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for the most part, the terms are used in similar ways. Both vulnerabilities 
and fragility curves can be assessed in the normal engineering ways: from 
empirical data, modeling, or expert judgment (Rossetto et al., 2014). 

The chance of hazardous events occurring is expressed probabilistically. 
The aggregate risk is calculated as expected loss, that is, the sum-product of 
the probabilities of the prospective hazards and their corresponding conse-
quences. These probabilities and consequences—the aggregate risk—serve 
as necessary input to the application of the decision framework discussed 
in Chapters 6-8.

Adequacy of the Current Risk Analysis

The decision framework outlined in Chapters 6-8 is predicated on a quan-
titative assessment of the hazards, vulnerabilities, and consequences at-
tending infrastructure decisions and the management of risk in the Spirit 
Lake and Toutle River system. This is not now available in a comprehensive 
form. A well-intentioned and competent precursor of a quantitative risk 
analysis was performed in the context of the PFMA of the Spirit Lake 
drainage situation. This PFMA provides a journeyman analysis of the 
 potential failure modes associated with each alternative drainage option for 
the lake. It provides a firm foundation for a PRA. It does not go sufficiently 
far, however, to associate probabilities and potential consequences with 
the respective failure modes. This will be needed among a more extensive 
analysis for the risks associated with the lake, its drainage, and other issues 
to be fully understood. Such a quantitative risk analysis is recommended 
for fully leveraging the decision framework of Chapters 6-8.

The probabilities of the major natural hazards affecting the system—
hydrologic, seismic, and volcanic—may be known imperfectly or qualita-
tively, but they are characterized to some extent. Probabilities associated 
with the vulnerabilities of the built environment, specifically the drainage 
alternatives for Spirit Lake and the performance of the SRS, have not been 
evaluated. The same is true in large part for the quantification of the down-
stream consequences of these hazards. Thus, for the present, a quantified 
understanding of risk is not available. 
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A PRA seeks to assess hazards, performance, and consequences in 
quantified units of probability and cost. Probabilities express how likely 
something adverse is to happen; costs express consequences in dollars, lives, 
and environmental measures. The PRA answers three questions (Kaplan 
and Garrick, 1981): (1) What can happen? (i.e., What can go wrong?); 
(2) How likely is it that it will happen? and (3) If it does happen, what are 
the consequences?

Event Tree Representations as Information for the Decision Framework

Event trees are now commonly used to represent the components of a 
PRA for civil infrastructure systems, particularly for dam and levee safety 
(USBR and USACE, 2012). They have also been widely used to analyze 
risks associated with volcanology. The USACE has been a pioneer in the 
application of PRA methods to civil infrastructure systems, particularly to 
issues in water resources engineering. Thus, the expertise for such studies is 
demonstratively available and straightforward to apply, and there is exten-
sive documentation of such applications to similar natural systems involv-
ing volcanology, seismology, and dam safety reported in the literature. This 
device may be used for any of the hazards discussed above—particularly to 
integrate these hazards within a common framework. 

Construction of event trees involves establishing probabilities for the 
various uncertain events that might affect the system. For instance, given an 
eruption with its associated annual probability, what is the probability of a 
pyroclastic flow of a certain volume, and if it occurred, what damage might 
it cause? Such probabilities can be based on events from the historical or 
geologic record; on additional data, such as geophysical imaging of the 
volcano’s plumbing; on numerical models of specific processes; or on expert 
opinion elicitation (O’Hagan et al., 2006). Expert judgment can be ob-
tained through the work of individual scientists or small teams of scientists, 
or from a formal expert elicitation process wherein a panel representing a 
diverse range of expertise is provided with all relevant information (e.g., 
Aspinall, 2006; Coppersmith et al., 2009). 
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The event tree in Figure 5.9 is a simple example of a generic volcanic 
hazard. Moving from left to right, first the probability of a given eruption 
scenario occurring during the time frame of concern is specified. Then 
the probabilities of particular eruption phenomena that might be associ-
ated with that scenario are assigned, followed by probabilities of particular 
magnitudes (such as lahar volume). This approach can be carried forward 
to include vulnerabilities and consequences of any type in the Spirit Lake 
and Toutle River system. An important first step in any analysis is defining 
the time frame of interest (e.g., a design lifetime of the SRS), and, in the 
case of this example, the eruption scenarios of interest. Note that the time 
frame of interest needs to account for the interests of all interested and 
affected parties involved in decision making. Choosing the time frame is 
best done in a collaborative analytic process that includes stakeholders, as 
is discussed in Chapter 6.

Eruption

Activity Declines

Activity @ Same Level

Activity Increases

Ref Dome Collapses

Ref Explosion

Bigger Dome Collapses?

Bigger Explosions

Pyroclasic Flows

Ref Directed Blast

Ref Tephra Fall Event

Ref Fountain Collapse
Next 6 Months

21%

59%

20%

Continued Tree Extension

FIGURE 5.9 Example of a partial volcanic hazards event tree for the Montserrat 
Volcano. SOURCE: Modified from Baxter et al., 1998, in consultation with Monserrat 
Volcano Observatory.
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An event tree is simply a systematic way to organize and describe the 
possible outcomes of a hazard and its consequences. It is an input to the 
decision framework in Chapters 6-8. Event trees represent the possible 
outcomes of a random process. At each node in the event tree the emanat-
ing events are appraised as mutually exclusive and collectively exhaustive, 
so their respective probabilities add up to 1.0. Assessing the consequences 
of future natural hazards requires integration of our understanding of po-
tential hazards, as discussed above, and engineering aspects of the debris 
blockage, the Spirit Lake tunnel or other drainage scheme, and the SRS. 
The consequences downstream can be estimated in measures deemed im-
portant through the decision framework (see Chapter 6), including impacts 
on environmental health, fish populations, and sociological factors. The 
probability-weighted consequences provide a quantitative measure of risk 
and its uncertainty.

LEVERAGING RESOURCES AND EXPERTISE

The study committee has noticed an apparent insularity of expertise among 
those involved in management of elements of the Spirit Lake and Toutle 
River system. Whereas great expertise resides within those agencies, relying 
almost solely on that expertise can stifle the generation of new ideas and 
can result in a propagation of assumptions based on incomplete assump-
tions. The federal and state agencies involved in managing the system have 
a number of resources available to them from other parts of their respective 
organizations. For example, the USACE operates a Risk Management 
Center for dam and levee safety, which could be leveraged to a much greater 
extent in the future than it has been in the past. Similarly, the USFS and 
the USGS have agency resources that might be more fully brought to bear 
on the planning for Spirit Lake and the Toutle River. The mobilization 
of these important resources needs to be encouraged throughout analytic 
processes, the results of which inform decision making. Likewise, external 
review of analytical processes needs to be encouraged to identify how and 
where analysis might be strengthened.
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C H A P T E R  6

Choosing a Decision 
Framework and 
Identifying the 
Decision Problem

Long-term management of risks in the Spirit Lake and Toutle River sys-
tem conducted in a way that is responsive to safety as well as to the multiple 
values and points of view of interested and affected parties in the region 
is challenging, but not impossible (Rittel and Weber, 1973). The process 
of identifying and comparing alternatives to manage both routine and 
catastrophic risk in the Spirit Lake and Toutle River system is made more 
difficult due to 

• Analytical uncertainty resulting from incomplete or outdated 
information;

• Analytically irreducible uncertainty associated with low- probability 
moderate-intensity events and very low-probability but potentially 
catastrophic events;

• Competing values and interests across multiple interested and 
 affected parties;

• Lack of agreement on the appropriate time horizon for planning;
• Overlapping decision authorities with separate but interdependent 

responsibilities and budgets;
• Low trust among agencies and the public;
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• Lack of a single solution that is likely to completely satisfy all 
agencies of governments and other interested and affected parties; 
and

• Inadequate budgets for implementing potentially desired 
alternatives.

The committee’s statement of task (see Box 1.1) calls for recommenda-
tion of a systematic process to identify, explore, and illuminate choices in 
the face of complexity and uncertainty given these many challenges. The 
decision framework includes the steps required for interested and affected 
parties to formulate a problem and to organize the identification of issues, 
alternatives, and consequences in light of available information and existing 
constraints of budget and authority. 

The framework also guides the identification of those who should 
be involved at different levels in the decision-making process, which is 
especially important in the case of decisions that affect many parties with 
potentially conflicting values and interests. Table 6.1 describes the differ-
ent and potentially conflicting missions and authorities of the different 
agencies in the region. Finally, the decision framework guides the pro-
cess for comparing alternatives. Decision making as described in the next 
chapters contrasts sharply with the ways in which management decisions 
for the Spirit Lake and Toutle River system have been made in the past 
(see Box 6.1). 

This chapter includes discussion regarding the choice of a decision 
framework and provides guidance on how the decision problem is defined 
(including who leads the decision process, and in what ways, and who 
participates) and on the relevant spatial and temporal scales of decision 
making.

CHOOSING A DECISION FRAMEWORK

The decision framework recommended in this report embodies two 
overarching elements. First, the decision framework is based on an 
 analytical-deliberative process (NRC, 1996). Broad public input is 
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TABLE 6.1 Examples of Responsible, Interested, and Affected Entities and Their 
Objectives 

Entity Responsibility Management Objectives

Federal

U.S. Forest Service (USFS) Caretaker for Mount 
St. Helens, Spirit Lake, 
and surrounding lands; 
funds operation and 
maintenance of Spirit Lake 
tunnel; funds emergency 
repairs on tunnel.

Sustain health, diversity, 
and productivity of the 
nation’s forests and 
grasslands for multiple 
purposes (including timber, 
range, water, wildlife, 
and outdoor recreation); 
maintain wilderness in 
designated areas;
involve public in preparing 
forest plans; operate in 
compliance with applicable 
environmental legislation.

U.S. Army Corps of 
Engineers (USACE)

Operate and maintain 
Spirit Lake tunnel; own 
and manage sediment 
retention structure on 
the North Fork Toutle 
River; maintain flood 
protection for downstream 
communities;
stabilize level of Spirit 
Lake; operate and 
maintain Castle Lake and 
Coldwater Lake outlet 
facilities; coordinate 
extraordinary maintenance 
with the USFS.

Survey and improve nation’s 
rivers and harbors to 
benefit navigation; develop 
flood control projects; 
plan and implement water 
resource development and 
conservation projects on 
major waterways.

continued
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TABLE 6.1 Continued

Entity Responsibility Management Objectives

Mount St. Helens National 
Monument  
(administered by the USFS)

Manage the Monument 
area.

Protect the geologic, 
ecologic, and cultural 
resources while allowing 
geologic forces and 
ecological succession to 
continue substantially 
unimpeded; conduct 
scientific study and 
research; allow for 
recreational and interpretive 
facilities and for the Cowlitz 
Indian Tribe and Yakama 
Nation to continue to use 
the mountain for cultural 
purposes.

Tribal

Cowlitz Indian Tribe and 
Yakama Nation

No federally recognized 
management 
responsibility.

Protect environment and 
natural resources through 
technical expertise; provide 
housing, transportation, 
and health services for their 
peoples as well as spiritual 
guidance and other cultural 
resources consistent with 
their duties as sovereign 
nations.
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Entity Responsibility Management Objectives

State

Washington State 
Department of Fish and 
Wildlife (WDFW)

Manage Mount St. Helens 
Wildlife Area along the 
North Fork Toutle River.

Protect habitats to assure 
optimal number, diversity, 
and distribution of wildlife; 
optimize wintering elk 
habitat; support recovery of 
fish, especially endangered 
species; operate fish 
collection facility on the 
North Fork Toutle River.

Washington State 
Department of Natural 
Resources (WADNR)

Manage land in the study 
area, including along the 
South Fork Toutle River. 
Manage public trust lands 
to provide continuous 
revenue through activities 
such as harvesting timber 
and other forest products 
and other activities.

Manage trust lands to 
earn income for state 
beneficiaries, protect water 
and habitat for native plant 
and animal species, and 
provide diverse recreation 
opportunities.

Local

County, local governments; 
private landowners

Manage their parcels in  
the area.

Various.

TABLE 6.1 Continued
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BOX 6.1
Past Decision Processes in the Region

Decisions regarding flood risk and sediment management in the Spirit Lake and Toutle 
River system are made more complex because of how regulatory and budget decisions 
are dispersed and poorly coordinated across the physical system and multiple agen-
cies. Decisions made by one agency can have implications for others. For example, 
dredging of sediment to reduce downstream flood risk might disturb habitat of aquatic 
organisms and upstream fish migration. Broad public participation needs to be fully 
incorporated into environmental assessment and decision-making processes (NRC, 
2008), and therefore needs to include the full spectrum of parties, beginning in the 
early problem-formulation stages of the planning process. Input received by the study 
committee during its information gathering open session meetings indicates that the 
number of interested and affected parties and the breadth of their interests are broader 
than Table 6.1 suggests.

The practices recommended in this chapter contrast with the standard practice of 
agencies in this region. In effect, Congress defined the problems (to manage the cata-
strophic and chronic flood risks) and authorized the USACE to formulate alternatives 
to manage them. With respect to Spirit Lake water levels, the USACE was expected to 
formulate alternatives to minimize the likelihood of a catastrophic breakout. This resulted 
in the proposal of alternatives, including the tunnel. The USACE then solicited written 
comments from agencies and any interested and affected parties that were motivated to 
provide input. Based on input, the USACE chose the tunnel. Any informal interagency 
communication that may have taken place is not part of the formal public record. 

A similar process led to the construction of the sediment retention structure (SRS). 
In that case, Congress defined the problem as assuring a defined level of protection 
for the levees that lined the river and that were built prior to the eruption. The USACE 
formulated alternatives designed to keep sediment from filling the river cross-section 
between the levees and compromising protection levels. Other agencies were asked to 
provide written comments on the alternatives. In consideration of these comments, and 
in consideration of cost-effectiveness analyses required by the U.S. Army’s assistant 
secretary for civil works, the USACE chose the SRS as its preferred alternative. The same 
process continues today with the planning to raise the SRS spillway.

http://www.nap.edu/24874


A Decision Framework for Managing the Spirit Lake and Toutle River System at Mount St. Helens

Copyright National Academy of Sciences. All rights reserved.

201

Choosing a Decision Framework and Identifying the Decision Problem

 incorporated throughout the process to both influence and be influenced 
by technical analysis. Second, the decision framework explicitly calls for 
use of decision analysis techniques to properly account for the multiple 
objectives and multiple values of interested and affected parties. 

Recommendation: Adopt a deliberative and participatory 
decision-making process that includes technical considerations; bal-
ances competing safety, environmental, ecological, economic, and other 
objectives of participants; appropriately treats risk and uncertainty; and 
is informed by and responsive to public concerns. Dialogue among in-
terested and affected parties and technical experts should be iterative, 
begin with the formulation of the problem, and continue throughout the 
decision process.

A number of decision-making approaches incorporate these elements; 
Keeney and Raiffa’s (1993) PrOACT framework is useful as a point of 
reference both because of its organizing structure and because it has been 
used successfully in complex water management contexts. 

The general steps of the PrOACT framework as described by Keeney are

• Clarify the decision Problem.
• Identify the decision Objectives and ways to measure them.
• Create a diverse set of Alternatives.
• Identify the Consequences.
• Clarify the Trade-offs.

The structure outlined by these bullets represents a process of exploration 
for an acceptable solution, and it is discussed step-by-step throughout this 
and subsequent chapters. Alternatives are assessed through a variety of 
metrics and in consideration of the various trade-offs (or compromises) 
required of different interested and affected parties until agreement is 
reached. Once solutions are envisioned, they can then be reconciled with 
agency authorities, jurisdictions, and funding. This may require revisit-
ing the chosen solution, a normal procedure in a fundamentally iterative 
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process. Successful implementation of a deliberative process such as that 
recommended in this report requires expertise that may not be contained 
within the agencies and organizations involved.

There are many ways to integrate technical analyses and participation 
of interested and affected parties in a deliberative process, and various 
principles and procedures have been developed for doing so (e.g., NRC, 
2008). Applications of a PrOACT-like process have addressed the reli-
censing of hydroelectric dams. Gregory and others (2012) mention roughly 
30 relicensing studies in British Columbia, Canada. Runge and others 
(2015) review the application of decision analysis techniques in a Glen 
Canyon Dam study. Others have considered topics such as the ecological 
recovery of the Missouri River basin (USACE, 2016b). A related planning 
protocol—Shared Vision Modeling—has been applied to water quantity 
management in the Apalachicola-Chattahoochee-Flint and Alabama- 
Coosa-Tallapoosa basins (Georgia, Alabama, Florida); to water allocation 
in the Rappahannock River (Virginia); and to the development of an inte-
grated resources plan for the Los Angeles Urban Watershed.1 Conroy and 
Peterson (2013) include a water management example in their set of case 
studies. A multiyear effort by the Missouri River Recovery Implementation 
Committee also uses a PrOACT-like process (USACE, 2016b).

Even among superficially similar applications, the planning efforts 
vary greatly in scale. An effort to study removal of nonnative fish from 
below the Glen Canyon Dam did not contemplate any structural changes, 
but it did involve multiple interested and affected parties, including var-
ious government agencies and Native American Tribes (Runge et al., 
2011). That application was limited, however, to operational changes at 
one specific location and was also able to utilize an existing working group. 
Consequently, it was possible to walk through all PrOACT steps in two 
meetings, with several weeks of modeling work between the first and sec-
ond meeting. It is likely to require more than two meetings just to form 
the decision group and agree on a protocol to address the Spirit Lake and 
Toutle River system.

1 Palmer et al. (2013) review these applications of Shared Vision Planning, as well as 17 others.
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A more complex effort was required to develop the Bridge Seton  Water 
Use Plan in British Columbia (Mattison et al., 2014). That study was 
undertaken against a background of pending lawsuits involving federal 
agencies and First Nations (Indian Tribes of Canada). The plan required 
consideration of complex multiple-agency overlaps as well as a complex 
multiple-reservoir hydroelectric system, although no new physical works 
were planned. The investigation required 13 main committee meetings 
over 2 years, plus an additional 25 meetings on technical issues such as fish, 
flooding, wildlife, recreation, and First Nations’ interests.

Applying the recommended decision framework to multi-stakeholder 
environmental management issues has led to the development of a vari-
ety of engagement tools discussed in the remainder of this report. Some 
describe the result as “structured decision making” (SDM; Gregory et al., 
2012). Others, focusing on the collaborative aspect of the analytics, con-
sider the decision framework part of a broader category of computer-aided 
dispute resolution (CADRe) techniques (Bourget, 2011). Given their sim-
ilarities, this text treats all of these as variants of the PrOACT process.

In this report, the committee uses the PrOACT model as the basis for its 
own recommended decision framework. Major sections of this and Chap-
ters 7 and 8 are named for each of the steps listed above and offer general 
descriptions of those steps, their importance in the  analytical-deliberative 
process, and the relationship of each step to past or future decisions made in 
the Spirit Lake and Toutle River system. Recognize, however, that  Keeney’s 
PrOACT framework is focused on a single decision maker’s approach to 
multi-objective problems. Additional guidance has been developed as 
the approach has been applied to decisions made with multiple decision 
participants and the broader issues that arise. As noted in the preceding 
paragraph, this broader practice has become known as “structured decision 
making” (Gregory et al., 2012). The remainder of the report draws on both 
sets of experiences.
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THE DECISION PROBLEM

A decision problem is that issue—or, as in the case of a system like Spirit 
Lake and the Toutle River, the set of interconnected issues—about which 
a management decision needs to be made. The statement of task for this 
study embodies a broad definition of the decision problem: determining 
a long-term solution for managing water and sediment transport in the 
Spirit Lake and Toutle River system. A more precise problem definition 
may be challenging to articulate; therefore, developing a list of character-
istics that describes the decision problem to the extent possible is a critical 
preliminary step.

Each step of the analytical-deliberative process requires iterative dis-
cussions among a lead responsible for implementing the decision frame-
work and the participants in the process. The EPA provides an exten-
sive list of considerations for building public participation into complex 
decision problems (EPA, 2017). Some key questions to be asked during 
problem formulation include

• Who leads the process?
• Who is involved, and what is their role?
• What types of solutions can be considered?
• What is the geographic scope under consideration?
• What is the time frame being considered for this decision problem?

Who Leads the Process?

Given the overlapping responsibilities and jurisdictions of agencies in the 
region, it is difficult and potentially contentious to identify who the “deci-
sion maker” is. The overall goal for the participants using the recommended 
framework is to search for and identify an effective and defensible solu-
tion that can be mutually supported. Participants decide to engage in a 
constructive search for effective and acceptable solutions through a joint 
problem-solving process because they recognize doing so is to their benefit 
(Bourget, 2011). But, if the planning framework is to be utilized to man-
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age the region as a system, there must be, at every stage, a lead individual 
or entity responsible for organizing and managing the decision-making 
process. This is not necessarily an entity with authority over a given piece 
of infrastructure. Ideally, the lead would be a new system-level entity or 
a formal consortium of existing agencies. This would provide a central 
focus for congressional mandates and appropriations, ensure collaboration 
across agency and jurisdictional boundaries, and maintain continuous en-
gagement by all interested and affected parties. Such an arrangement has 
many advantages, but it would likely require congressional action that may 
or may not occur. 

Recommendation: Create a system-level entity or consortium of agen-
cies to lead a collaborative multiagency multi-jurisdictional effort that 
can plan, program, create incentives, and seek funding to implement 
management solutions focused on the entire Spirit Lake and Toutle 
River system. This effort should also be open and accountable to inter-
ested and affected parties involved in management decisions.

There are a number of examples of system-level entities, including 
those that apply PrOACT-like decision frameworks. The Glen  Canyon 
Dam Study (Runge et al., 2011), described above, closely followed a 
 PrOACT-like framework and was led by a system-level, interagency work-
ing group. Nevertheless, it may take time for such an entity to be autho-
rized and put in place. In the absence of a system-level entity, the planning 
framework can be managed in other ways. Federal, tribal, and state enti-
ties involved might agree on an informal consortium-like arrangement in 
which, by agreement, one agency serves as lead throughout the planning 
process. Or, since authorizations and funding are usually specific to certain 
components of the system (e.g., the Spirit Lake drainage tunnel, the SRS, 
etc.), the administrative lead may change from time to time as planning 
progresses through different topics and issues. In this case, the lead might 
be assigned to the agency most involved with implementing the manage-
ment actions under review (e.g., the USACE might be the administrative 
lead when considering issues associated with sediment retention).
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The critical feature of this latter arrangement is that all parties agree 
in advance to utilize the same planning framework. Although the lead may 
change, and certain decisions may be taken sooner or later, it is possible to 
maintain the same deliberative and participatory decision-making process 
throughout. The overall effort, while incorporating all relevant technical 
considerations and appropriately treating risk and uncertainty, can still 
seek to balance the competing objectives of participants and be responsive 
to public concerns. In this way, the decision framework serves the purpose 
of imposing a systems perspective on analysis and decision making and 
on integrating and coordinating the otherwise disparate components of 
an overall solution. Without the decision framework, agencies will likely 
decide on and implement actions as they have in the past: with insufficient 
collaboration with other agencies and minimal engagement with other 
interested and affected parties.

The decision framework is described in this report so that it is neutral 
with respect to who actually implements it. The text can be read as as-
suming that the U.S. Forest Service (USFS) acts as a lead, setting up and 
implementing the decision framework. But the framework would work 
just as well if applied correctly by the USACE. Effective management of a 
participatory process when competing views are involved, however, requires 
the lead to be perceived as neutral. A single agency lead for all or part of 
the planning process may work (or be perceived to work) at cross-purposes 
with the broader goals of participation, responsiveness, and public support. 
Any agency considered as a candidate for lead may also be viewed by other 
participants with skepticism if a multiparty process is to be implemented 
using the lead’s internal resources. The diverse skill sets needed to serve as 
a decision lead and the challenges faced by those providing neutral facili-
tation services are described by Conroy and Peterson (2013). 

A lead could approach the problem of neutrality by creating two dis-
tinct roles for the agency in the decision process:

1. A neutral support team to implement the framework. This team 
brings with them:
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• Engagement skills to identify and engage interested and 
 affected parties;

• Facilitation skills to navigate difficult topics, interest-based 
discussions, and value trade-offs (e.g., compromises) in groups 
of up to approximately 25 people;

• Deep technical and modeling knowledge to help participants 
build and test “if-then” predictive models of how different 
management alternatives might impact the system and the 
consequences for participants; and

• Decision analysis skills to help incorporate human elements 
(uncertainty, risk aversion, and decision biases), together with 
technical modeling aspects, into the decision-making process. 
(Risk aversion is the behavioral trait of people to minimize 
uncertainty even if actions taken means sacrificing certain 
benefits.)

2. The “agency voice”—a non-neutral role within the core group of 
decision participants that represents the agency as one of the in-
terested and affected parties, advocating for the agency’s objectives 
in value-focused discussions.

It may be the case that the lead does not possess all the skills outlined 
above for the neutral support team. This is most likely to occur if the 
lead is assigned to an agency predominately staffed by scientists, technical 
specialists, and engineers. In that case, the lead can hire any missing skills 
externally: for example, from consulting firms, nonprofit organizations, 
or universities. Regardless of whether the neutral team is sourced from 
within or outside of the lead organization, parties will be more willing 
to participate if they see the process as neutral and fair. This perception 
and the resulting enhanced participation will likely facilitate equal access 
to analytical support, transparency in modeling, and the ability to have 
meaningful input into both the analysis and deliberation. Great care is 
needed to maintain the independence and neutrality of the team supporting 
the process and participants. 
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Who Is Involved?

As described in Chapter 1, interested and affected parties include, but 
are not limited to, those who will experience safety, economic, cultural, or 
quality of life impacts as a result of management activities. They may have 
history of engagement with regional issues, or they may have specialized 
knowledge of some type of potential impact (e.g., environmental). Efforts 
to attend to and systematically incorporate the views and knowledge of 
interested and affected parties into decision making have long been recog-
nized as critical to risk management (NRC, 1996). Participation in decision 
making by interested and affected parties may be particularly important 
when (a) the problems addressed and decisions required are complex and 
can be appropriately viewed from different perspectives; (b) no single entity 
has overriding jurisdiction or the resources needed to make and implement 
a decision; (c) the decisions required have the potential to be controversial; 
and (d) the actions being considered are novel and significant rather than 
incremental (NRC, 1996; NOAA, 2015). These attributes aptly describe 
the kinds of decisions associated with the long-term management of the 
Spirit Lake and Toutle River system.

Involving interested and affected parties in decisions such as those 
being addressed by the USFS and the USACE is desirable for other rea-
sons. When conducted appropriately, engagement activities can reveal the 
values that serve as the basis for decision making, enhance the credibility 
of the information that is used in making decisions, improve the quality of 
decisions, increase public trust and confidence in decision making, increase 
institutional transparency, help to resolve disputes, and gain legitimacy for 
actions that are subsequently undertaken (Yosie and Herbst, 1998; NRC, 
2008; NOAA, 2015; Nuclear Energy Agency, 2015). Input from interested 
and affected parties is needed at all phases of decision making, from setting 
the context in which decisions will be made to specifying the values and 
objectives involved and identifying alternatives and trade-offs ( Gregory 
and Keeney, 1994). The process of engaging interested and affected parties, 
however, must be managed well to achieve the kinds of positive outcomes 
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listed above. Engagement cannot be undertaken merely for the sake of sat-
isfying bureaucratic requirements, as doing so could ultimately undermine 
the legitimacy of the effort if parties conclude that their input was sought 
but then ignored. 

Individuals participating in the decision-making process may do so on 
their own behalf or on behalf of some group or entity. The lead is respon-
sible for making sure all interested and affected parties are identified and 
for ensuring that the full spectrum of interests is considered in the pro-
cess. A list of interests and concerns to be represented during deliberation 
needs to be generated—perhaps initially by the lead—and confirmed with 
participants early in the process. Having broad participation beyond those 
with funding and project authority means this list may include a similarly 
broad range of interests and concerns.

How Are They to Participate?

The International Association for Public Participation (IAP2)2 defines 
levels of public participation ranging from “Inform” to “Empower” (see 
Table 6.2). This spectrum is similar to the USACE’s “Degrees of Collab-
oration” matrix (Dedekorkut-Howes, 2004). Based on discussions with 
USACE staff and other interested and affected parties in the region, the 
level of engagement with the public by the USACE in the aftermath of 
the 1980 eruption appears to align with the “Inform” or “Consult” levels in 
the spectrum. An integrated and iterative analytical-deliberative process as 
recommended by the NRC (1996) and in this report pushes engagement 
beyond this level. 

Recommendation: Broaden and deepen the participatory decision- 
making process from its earliest stages to include and assimilate the 
knowledge and interests of affected groups and parties whose safety, 
livelihoods, and quality of life are affected by management decisions.

2 See www.iap2.org.
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There are inherent compromises between the breadth of engagement 
and the depth to which individual participants can deliberate in the deci-
sion process. This is necessarily true because the lead’s budget to support 
a decision process will be limited and because not all interested and af-
fected parties have the same willingness, ability, or capacity to participate. 
Moreover, while erring on the side of broader inclusivity may appear to be 
more acceptable, broad inclusive participation could be used to shut down 
meaningful public participation by avoiding the in-depth and iterative dis-
cussions required in any PrOACT-like framework (Gregory, 2016). 

To work around some of these dilemmas, participation can be stratified 
into “tiers,” with participants at different tiers being engaged at different 
depths and frequency. There are multiple ways to organize such tiers: for 
example, as “circles of influence” (Werick and Whipple, 1994). The broad 
spectrum and number of interests to be addressed, however, may be smaller 
than the number of interested and affected parties and also the number 
of participants. There is an important difference between the framework 
described here and circles of influence (Werick and Whipple, 1994). In the 
decision framework described in this chapter, some nonagency interested 
and affected parties could be part of the tier working through the highest 
level of deliberation and analysis. Werick and Whipple (1994) describe 
the highest tiers of deliberation as consisting solely of technical experts, 
with stakeholders being at a less involved level. The present report recom-
mends a framework that emphasizes deep public participation throughout 
a decision process. 

The decision framework described in this report draws on the work 
of Gregory and others (2012) and Conroy and Peterson (2013) wherein a 
small group of participants—up to approximately 25—is selected to repre-
sent the broad spectrum of interests. It may include, but is not limited to, 
key regulatory agencies. This small group explores the in-depth technical 
discussions, model building, and value trade-offs inherent in the PrOACT 
process during multiple (e.g., 6 to 10) sessions. The small group concept 
has been applied to aid collaborative toolmaking within the realm of public 
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water management decisions (Bourget and Bingham, 2011).3 This tier of 
deep involvement would also be supported by extensive involvement of the 
neutral support team that would bring their technical and modeling exper-
tise into the PrOACT steps.

Assigning a small group of participants to address the details of the 
decision process may result in a sense of lost legitimacy among some of 
the broader set of interested and affected parties—in particular, those that 
expressed an interest in the proceedings but that were not included in 
the small group deliberations. A deliberate engagement effort is needed 
whereby conclusions reached by the smaller group can be shared and tested 
with a broader group. This could allay concerns about legitimacy while also 
providing opportunity to validate the conclusions. As an example, when 
the broad spectrum of interests is canvassed, several people may identify 
interest in the impacts of management decisions on hunting and fishing. If 
one of those individuals is chosen to work in the small group, that person 
could communicate regularly with his or her broader constituency and 
then inform the more detailed discussions within the small group, possibly 
refining the analysis to be conducted. Further, the lead could build links 
between tiers of participation. This will increase engagement given that 
members of different tiers will also be members of other organizations. The 
lead will have to ensure that outreach and engagement activities connect 
the broader but less organized general public with the in-depth decision 
process. Methods for broad outreach and engagement are described in the 
literature (see Conroy and Peterson, 2013).

A decision is reached when the small group of decision participants 
conducting the in-depth analyses is able to support a proposed solution. 
Due to overlapping and unclear regulatory boundaries, decision making 
might be difficult and contentious. Treating the decision process as a multi-
party negotiation provides the ability to defer a potentially divisive ex-
ploration regarding which agency has final say over which aspects of the 

3 The 2011 book Converging Waters: Integrating Collaborative Modeling with Participatory Processes 
to Make Water Resources Decisions (Bourget, editor) is a collection of papers focusing on computer-aided 
dispute resolution (CADRe). The process aligns closely with the PrOACT approach used for organiz-
ing this chapter, albeit with different emphasis placed on certain aspects.
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outcomes. The process begins by defining a problem, understanding the 
participants’ decision objectives, and then looking for mutually acceptable 
and defensible sets of actions that address the objectives. The principle 
is to conceive of the solution before attempting to reconcile that solu-
tion with agency authorities, jurisdictions, and funding. This may require 
revisiting the chosen solution—a normal procedure in a fundamentally 
iterative process. 

Designating consensus among the decision makers as an aspiration 
rather than a requirement is a useful decision rule for multiparty collabo-
rative processes (Gregory et al., 2001). This allows the process to be used 
to explore possible, but perhaps at first unpopular, alternatives and may 
encourage participants to moderate their views as the process nears its end. 
Responsible agencies may be better able to identify alternatives that will 
have widespread support. If the parties involved work through a decision 
framework and arrive at, for example, a mutually acceptable long-term 
strategy for flood risk and sediment management, then each party, based 
on its exiting authorities and responsibilities, is more likely to implement 
its parts of the strategy.

Knowing when to continue or end deliberating is an important part of 
the terms of reference for participants. This is addressed later in Chapter 8. 
If a mutually acceptable solution is not found, then participating parties 
can search for agreement within smaller coalitions of participants or, in the 
extreme case, fall back to their own legal and regulatory decision-making 
authorities. And while the participating agencies could ultimately choose 
to implement a set of actions considered but not supported through the 
analytical-deliberative process described here, they would at least know 
which other interests (if any) are supported by their actions as well as the 
value trade-offs (discussed in Chapter 8) inherent in pursuing that course 
of action.

The remainder of this chapter will focus on the work of this smaller 
group of participants.
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What Is the Geographic Scope?

While the initial motivation for this current study was related to long-
term performance and maintenance of the Spirit Lake drainage tunnel, 
the geographic scope of the committee’s charge is far broader and extends 
to long-term management of risks of the entire Spirit Lake and Toutle 
River system (statement of task; see Box 1.1). As such, adequate long-term 
risk management of the system depends on system-level analysis of risk. 
An understanding of the interconnections and interdependencies among 
 subsystems—both natural and engineered—is essential. This approach dif-
fers from current widespread practice in the region. Analysis tends to focus 
on agency-specific responsibilities and interests and on issues at specific 
locations or features over short time frames. The geographic scope for the 
broader study, however, is dependent on how much of the system needs 
to be considered in the decision-making process to fully account for the 
physical risks and for the interests and values of the participants. 

Recommendation: Engage in system-wide thinking when making deci-
sions about management objectives, approaches, and alternatives for the 
Spirit Lake and Toutle River system. Depending on the issues being con-
sidered, the system may include the Cowlitz River or extend beyond it.

Management intervention in any part of the system could have impli-
cations both downstream and upstream of the intervention (see Chapter 1). 
Responsibilities and concerns among interested and affected parties are 
also connected in ways that become clear only with system-level analysis. 
Nevertheless, the geographic scopes of individual problems may differ. 
After consideration of an individual problem, participant objectives, and 
various consequences of potential solutions, it may be determined that the 
geographic scope needs to be broadened or narrowed. For example, man-
agement decisions related to the Spirit Lake debris blockage could have 
consequences that extend to the Cowlitz River or beyond; some decisions 
related to the SRS may be found to have consequences only downstream, 
but others may have implications for management of Spirit Lake; certain 
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decisions related to anadromous fish passage could conceivably have im-
plications all the way to the Pacific; or decisions related to a small stream 
feeding into the Toutle River may be found to have more geographically 
limited consequences. Similarly, consideration of the other lakes in the 
region impounded by Mount St. Helens may be important in many of 
the decisions to be made.

Early agreement among participants on both the definition of the sys-
tem and the geographic scope is important so that objectives can be identi-
fied, allowing alternatives and consequences to be appropriately analyzed.

What Alternatives Can Be Considered?

In the immediate aftermath of the 1980 eruption, multiple alternatives 
to manage flooding and sedimentation on the Toutle River system were 
considered. While the original USACE effort to address those hazards 
contained both flood mitigation and related sediment control alternatives, 
the solutions to what is a system-wide problem were considered in an ad 
hoc manner and independently (USACE, 1983), a pattern that continues 
today among all parties. At least some interested and affected parties at-
tending the committee’s public meetings, however, did view the Spirit Lake 
and Toutle River system as a whole and discussed potential system-wide 
solutions.

It is important to have an early and explicit discussion with participants 
about the scope of the process. This helps to identify differences in 
expectations between the agencies—and between agencies and the 
public—to ensure alignment between what the participants want to achieve 
and what the agencies are willing and able to deliver (NRC, 2008). For 
example, to control a catastrophic breakout of Spirit Lake, it might be 
decided to consider alternative lake water levels; alternatives to manage 
sediment at the SRS and above; and downstream alternatives that reduce 
risk to populations such as levee construction or improvement, rezoning, 
and resettlement. All these alternatives may be considered, but in practice 
there may be disagreement regarding the scope: for example, because of 
limitations on agency authorities. Such limitations need to be clarified and, 
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if necessary, challenged. All parties need to have a shared understanding of 
the scope early in the problem formulation process. 

Box 6.2 describes some of the first decisions likely to be made using 
elements of the recommended decision framework: decisions regarding 
management of Spirit Lake water levels.

What Is the Planning Time Frame?

Interactions with agency representatives and other interested and affected 
parties during the course of this study revealed a diverse set of views re-
garding appropriate planning time frames. While those asked during the 
meetings agreed with the need for long-term planning, their definitions of 
“long term” varied widely. Because different planning time frames can lead 
to radically different management strategies, choosing a time frame can 
represent an institutional and social conflict associated with management 
of the Spirit Lake and Toutle River system. 

Overly long time frames may cause planners to overlook short-term 
solutions to immediate problems or not to anticipate changes in the phys-
ical system that might occur during a long time frame. For instance, a long 
enough time frame will also make it a near certainty that a low-probability 
but high-consequence event (e.g., a geologic or hydrological event) will 
occur that would disrupt whatever management activities are implemented.

Planning based on short time horizons, on the other hand, may be 
appealing because they favor alternatives that promise solutions to existing 
problems. Time frames that are too short, however, may preclude otherwise 
desirable capital-intensive projects thereby narrowing the range of alterna-
tives that might be considered. They may also understate the importance 
of various low-probability but high-consequence events that could have 
substantial effects on different infrastructure elements of the Spirit Lake 
and Toutle River system. 

Arbitrary time frames that are not meaningful for the decisions under 
consideration can hamper appropriate consideration of management al-
ternatives. For example, the congressional authorization for the SRS was 
50 years (i.e., 1985-2035; USACE, 1985). This authorization excludes 
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BOX 6.2
Managing Spirit Lake Water Levels: Who Is Involved and How?

The first set of decisions to be made using the decision framework in this report will likely be 
related to management of Spirit Lake water levels. The USFS, given its responsibility for the 
Spirit Lake drainage tunnel, will likely initiate a decision process and serve as its administrative 
lead in at least its earliest stages. This is likely to occur prior to the full implementation of rec-
ommendations in this report, but many of the principles of the decision framework presented 
herein may still be applied. Through the process the USFS initiates, it will be determined who 
is involved and with what roles in decision making, the geographic scope of the problem, 
time frames to be considered, and the types of solutions to be considered. To identify the 
participants in the decision process, the USFS may want to convene a small group of those 
with management authority in the region. This group may include federal, tribal, state, and 
local agencies. They will need to identify overlapping or even conflicting jurisdictional issues 
so that the scope of the process can be negotiated. Some alternatives for managing lake 
levels may give other agencies a certain amount of leverage when alternatives are ultimately 
considered. For example, potential solutions regarding the debris blockage may increase 
sediment migration downstream and impact the SRS, which may give the USACE some 
amount of leverage. Some alternatives may or may not facilitate fish migration into and out 
of Spirit Lake, which might indicate the Washington Department of Fish and Wildlife or the 
National Marine Fisheries Service (NMFS) may have roles in decision making. 

It may become apparent after a cursory assessment of internal staffing resources that the 
USFS has neither the internal capacity nor the expertise to carry out the multiple functions of 
facilitator, decision analyst, technical data analyst and modeler, and stakeholder engagement 
specialist as described in this report. The USFS would need to assemble a team of external re-
sources (the neutral support team described previously) early in the process to carry out the bulk 
of decision process tasks while the USFS maintains the administrative lead of the process. The 
expertise contained within the neutral support team could be augmented with expertise found 
locally: for example, that within agencies such as the USACE and the NMFS. They may help to 
develop the analysis methodologies and acquire data to ultimately compare decision alternatives. 
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Once the internal organization is established and the process team is in place, inter-
ested and affected parties need to be identified. Table 1.1 provides a good starting point 
for identifying such parties. The region’s tribes, various state and local agencies (including 
emergency management and natural resource management agencies), representatives of 
business interests, and other interest groups in the region would be included among these. A 
hired specialist with expertise in stakeholder engagement (part of the neutral support team) 
may hold open houses to identify interests and those that should represent those interests as 
well as to develop a preliminary list of issues that will need to be considered when comparing 
decision alternatives. It might become more apparent through these engagements just how 
decisions made at Spirit Lake do ripple downstream and vice versa. This discovery process 
helps to set the bounds for the geographic scope of the decisions to be made.

Ultimately, the USFS and its neutral support team will build a diverse group of up 
to approximately 25 people representing the broad spectrum of federal, tribal, state, 
and local interests and management authorities that are willing to commit to the decision 
process (called the decision participants). Note that some organizations—for example, 
the USACE—could have staff in two functions; some staff would be part of the decision 
participants that represent USACE values. These will participate in value-based discussions. 
Different USACE staff might contribute to the neutral support team, providing unbiased 
technical assistance to the group of interested and affected parties as deliberations proceed. 
The neutral support team works at the behest of the decision participants, answering the 
questions, accessing data, and building models to aid the comparison decision alternatives 
by the group of 25. This two-way deliberation between the technical and the value-focused 
spheres is key to this process.

These early discussions to identify who should be involved in what ways is recommended 
so that the result is a better understanding of the interconnectedness of elements in the Spirit 
Lake and Toutle River system. This will help the decision participants appropriately define the 
scope and types of management actions that could be considered, including simultaneous 
changes to different elements of the built environment in the region (e.g., the tunnel, levees, 
the SRS), ongoing management actions (including dredging), and nonstructural actions 
(e.g., zoning changes).
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consideration of the impacts of any management alternatives beyond 2035. 
Moreover, the USACE may only begin to consider such alternatives and 
their impacts in 2030. This planning horizon fails to identify how current 
decisions affect management and decommissioning impacts beyond 2035. 
The long-term risk and financial and other burdens to future residents and 
taxpayers may be left unaddressed (see Box 6.3 for greater detail). This issue 
was raised by an independent evaluation of the SRS project: 

Using 2035 as the end year of analysis in the [USACE Mount St. 
Helens limited Re-evaluation Report] does not address the uncertainty 
surrounding sediment transport in the basin for the period beyond 2035 
and may affect the economic and environmental results of alternative 
evaluations. . . . The Panel believes that the physical life of the project 
is of primary importance when considering the long-term effectiveness 
and the environmental consequences of the project. Therefore, discussion 
and evaluation of the alternatives for the period beyond 2035 should 
be provided for a more complete understanding of the longer term eco-
nomic and environmental aspects of the alternatives and to support the 
selection of the recommended plan. (Battelle, 2014: 6) 

The USACE did investigate expanding the planning horizon beyond 
the authorization of the SRS to 2060 to identify how the decision pro-
cess might change if the authorized lifetime of the project was extended 
( USACE, 2010a). The committee is not aware that such action has been 
taken.

Early on in the process, the decision participants described in Box 6.2 
will need to consider time frames associated with the decision process itself 
(i.e., the time needed to gather necessary information); time frames  associated 
with different natural hazards and processes; and time frames asso ciated with 
infrastructure life cycles. They could be informed, for example, by presen-
tations from experts in volcanic and seismic hazards to learn the probability 
of cataclysmic volcanic or seismic events over short and long time horizons. 
They may want to consider the time horizons that the chances of such events 
rise to near certainty and “reset” the system, as described in Box 6.3. Other 
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BOX 6.3
Additional Principles to Consider When Choosing a Time Frame

Explicitly identifying the planning horizons that affect interested and affected parties, 
and working toward a decision process that acknowledges and integrates the most 
essential of those planning horizons, will benefit the management process. In addition to 
those issues already described, the following are also worthy of special consideration:

• The impact of decisions on future generations (intergenerational 
equity). End-of-life plans for assets such as the SRS need to be included in the 
comparison of alternatives so that the financial, social, and environmental impacts 
on future generations are not overlooked. As an example, the lack of planning 
for the long-term removal of more than 1,300 aging dams in the United States 
has burdened current taxpayers by hundreds of millions of dollars (O’Connor et 
al., 2015). The largest of these cost $310 million to remove. If some alternatives 
in the Spirit Lake and Toutle River system add to or subtract from this retirement 
cost, then these impacts need to be captured in the comparison of alternatives. 
Retirement funds (Palmieri et al., 2003) might address this issue.

• Short-term planning with long-term consequences (consideration 
of path dependency and reversibility). Infrastructure planning often fails 
to include consideration of how decisions made today may affect or limit future 
alternatives or produce irreversible outcomes. Failing to properly value the ability 
to be flexible in the future while making decisions may result in the future inability 
of a major capital project to be responsive to change. Short-term actions affect 
long-term solutions, but long-term planning and adaptive management can be 
both financially and politically expensive. 

• Disturbances “resetting” the system. Establishing planning horizons 
around the return frequencies of disruptive events large enough to completely 
“reset” the physical landscape may be appropriate in the Spirit Lake and Toutle 
River region. These natural events (e.g., volcanic or seismic) are so severe that 
they could destroy some or all the risk mitigation infrastructure in the basin. At this 
point, prior planning is irrelevant; a new plan, considering new alternatives, must 
be developed to reflect post-event conditions. From a decision process standpoint, 
the distinction between management alternatives becomes smaller as the likelihood 
of such events occurring in the time frame becomes more certain.
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presentations could highlight which decisions need be made given asset life 
spans and other considerations. Explicit recognition of the trade-offs asso-
ciated with the choice of different management time frames will also need 
to be presented.

Chapter 7 discusses the next steps of the decision process, which in-
clude identifying and choosing among the various priorities and objectives 
of interested and affected parties and the generation of potential sets of 
alternative actions.
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C H A P T E R  7

Identifying Decision 
Objectives and 
Alternatives

Once interested and affected parties have been identified and the smaller 
set of participants willing and able to work through a decision process has 
been established (as described in Chapter 6), the next task in the deci-
sion process is to clarify and structure a set of decision-specific objectives. 
Table 6.1 highlights the overlapping responsibilities and management ob-
jectives of agencies in the Spirit Lake and Toutle River system. Stated 
goals of the participants, however, do not align. In fact, when compiled, 
those goals may create a messy list of process concerns, positions, vaguely 
stated broad aspirations, and underlying interests. This chapter describes 
how the priorities and objectives of the different interested and engaged 
parties may be identified and organized and how metrics to forecast ex-
pected performance of those potential alternatives against those objectives 
may be derived. The discussion then leads to how the decision participants 
might start formulating a wide range of alternatives across the system to 
meet specific objectives.

THE OBJECTIVES

Decision objectives are the identified goals that are to be attained or ac-
complished through decision making (Keeney, 1988). They are always 
phrased as verbs with a direction—for example, to maximize economic 
well-being, or to minimize adverse environmental impacts—but they are 

http://www.nap.edu/24874


A Decision Framework for Managing the Spirit Lake and Toutle River System at Mount St. Helens

Copyright National Academy of Sciences. All rights reserved.

224

M A N A G I N G  T H E  S P I R I T  L A K E  A N D  T O U T L E  R I V E R  S Y S T E M

only qualitatively defined until some metric (called an attribute in the 
language of decision theory) is assigned for their measurement. Objectives 
are linked to fundamental interests (Fisher et al., 2011) and provide the 
underlying motivations for participant positions on different management 
alternatives. Part of the process of identifying objectives is developing a 
common under standing of the motivations and priorities of decision par-
ticipants. For instance, an objective that the committee heard repeatedly 
during public session meetings in Kelso was restoring the “naturalness” of 
the system. Like improving “sustainability” or “ecological health,” restoring 
naturalness seems a worthy goal, but naturalness means different things 
to different people. The term sometimes seemed to refer to the ability of 
fish to migrate past the sediment retention structure (SRS) and into Spirit 
Lake. At other times the term seemed to be an appeal for “pristineness” 
in the Mount St. Helens National Volcanic Monument (the Monument) 
or to management solutions that require little human intervention. Since 
the term “naturalness” seemed to be an important issue cared about by 
many, further discussions to define the elements of a “natural” system are 
warranted to help ensure that decision participants share a common under-
standing of the term. Furthermore, this common understanding should be 
adequately reflected in the objectives hierarchy (discussed later) in a way 
that can be useful for comparing alternatives.

People often refrain from generating or considering important deci-
sion objectives if not prompted through a careful and structured elicitation 
(Bond et al., 2008). At the same time, broad conversations with the public 
might lead to an unmanageably large list of overlapping concerns that are 
a mixture of potential solutions, process concerns, or issues not related to 
the decision at hand (Gregory et al., 2012). The decision process should 
result in development of a complete, compact, and structured set of deci-
sion objectives that includes all the objectives identified by the agencies 
and other interested and affected parties. This list will serve as the basis 
for exploring trade-offs among decision alternatives later in the decision 
process. Since participants in these processes often do not come into the 
discussion with clearly defined values, the decision process should help 
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participants iteratively construct and refine their values over time. The list 
of decision objectives will then need to be organized and structured. 

Explicit elicitation of the participants’ decision objectives helps to build 
trust in the process on the part of all participants. The subsequent sections 
provide guidance as to how a small group of interested and affected parties 
might develop a set of decision objectives related to managing catastrophic 
and chronic flood risk as well as sedimentation in the region.

Drafting Decision Objectives

If the purpose of developing a list of decision objectives is to help com-
pare alternatives for managing flood risk and sedimentation, the planning 
objectives used in the U.S. Army Corps of Engineers’ (USACE’s) original 
plan (USACE, 1983: IV-11) might work as a starting point for discussion. 
Management alternatives could be compared based on how they impact

• Flood control, including both the risk of a catastrophic breakout of 
Spirit Lake and the chronic flood risk arising from sedimentation 
and high seasonal flows;

• Navigation;
• Water quality;
• Erosion;
• Fish and wildlife; and
• Maintenance of cultural resources.

Based on comments received from interested and affected parties 
during the committee’s public meetings, this preliminary list might be 
elaborated to include

• Ecosystem services (e.g., reestablishing the pre-eruption landscape 
of the Toutle River);

• Cost, including both the expected cost to implement an alternative 
and the cost risk arising from an alternative not performing as 
expected; and
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• Safety, including the operational safety of workers inherent in the 
different alternatives.

A list such as this could be a starting point for discussion, although its 
format is not useful for comparing management alternatives. 

Ultimately, identifying a widely acceptable solution requires that each 
participant observe that his or her concerns are reflected in the group’s deci-
sion objectives. Each agency should be able to trace some subset of the 
group’s decision objectives developed within this process back to its own 
overall management objectives (i.e., such as those listed in Table 6.1). Sim-
ilarly, nonagency participants should be able to do the same when reflecting 
back on their respective goals stated early in the process. From a process 
perspective, this provides a formal check that concerns are being heard and 
considered. The process requires consideration of each participant’s concerns 
and objectives; it does not assume adoption of each participant’s proposed 
solution.

The Objectives Hierarchy

The bulleted list of decision objectives above could be a starting point for 
discussion. As dialogue continues among the decision participants, how-
ever, a more refined and structured set of decision objectives should be 
developed. Decision objectives can be nested within an “objectives hier-
archy” (Keeney, 1996), a method of organizing the objectives into a man-
ageable format. An objectives hierarchy allows decision participants to 
better understand the relationships between specific goals. Participants 
create an objectives hierarchy by deciding which objectives represent the 
highest-level goals (i.e., minimize adverse impacts of erosion of the debris 
blockage) and which represent more detailed goals that are necessary to 
reach the highest-level objectives (e.g., minimize cost, minimize risk of a 
Spirit Lake breakout, minimize adverse impacts to downstream residents). 
Each of those subgoals can be further broken down into more subgoals. 
The relationship between objectives can be illustrated in a hierarchy such 
as the example in Figure 7.1. This committee developed this figure based 
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on individual opinions expressed during its public meetings in Kelso and 
on information published by the USACE: for example, see USACE, 1983 
(section IV, 11-12). It represents only a small subset of high-level objectives 
and therefore should be considered rough and incomplete. The objectives 
in it, however, might be similar to those of a hierarchy developed for deci-
sions related to control of water levels in Spirit Lake and the implications 
for erosion management.

The decision objectives are phrased and organized to clarify both the 
preferred direction of change (e.g., decreasing) and the subject of concern 
(e.g., cost risk). Tension may arise among participants because not all these 
objectives can be reached at their minimum or maximum levels, but the 
diagram could be used in later discussions about management alternatives 

Minimize cost
Minimize ecologic
risk of catastrophic

breakout

Minimize adverse
impacts to

downstream residents

Minimize expected
cost

Minimize cost risk

Minimize adverse
impacts to fish

Minimize adverse
impacts to wildlife

Minimize adverse
ecological impacts

Minimize chronic
flood risk

Minimize quantity of
dredge spoils

Maximize recreation
and economic activity

Maximize aesthetic
attractiveness above
the SRS

Maximize cultural
preservation

FIGURE 7.1 Example of a simplified partial objectives hierarchy. NOTE: This is only 
an example that might be developed and does not represent a recommendation from the 
committee. The objectives hierarchy resulting from an actual discussion will be different.
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and their consequences to determine how well those consequences align 
with decision objectives. This should aid the identification of a preferred 
alternative. More specificity can be included in the objectives hierarchy to 
differentiate how alternatives align with the various objectives. It might 
be desirable among the decision participants to include goals related to 
different fish species or specific impacts to fish above and below the SRS. 
Doing so may help participants understand how different decision alter-
natives will require certain trade-offs among the objectives. 

Developing an objectives hierarchy is an iterative process. The  exact 
wording of the objectives in the hierarchy will evolve with greater under-
standing of the relationships between management alternatives, their 
consequences throughout the system, and the objectives that matter to 
people. It is important to avoid premature comparisons of decision objec-
tives because priorities among objectives are likely to shift as management 
alternatives are better understood. It is more useful to focus on creating a 
complete and compact set of clearly worded objectives and sub-objectives. 
While the objectives need to be designed with an eye toward highlighting 
future trade-offs, the comparison of objectives will be more productive 
when trade-offs associated with choosing among decision alternatives and 
consequences are explored (discussed later). 

A structured objectives hierarchy needs to be organized into catego-
ries relevant to the decision at hand and meaningful to participants. Each 
participant’s (and agency’s) decision objectives should appear somewhere 
in the hierarchy and should be presented so as to be meaningful to all par-
ticipants. Doing so is an important trust-building measure. The objectives 
hierarchy developed by the small group may be different in some respects 
from what would emerge from a benefit-cost analysis or other agency plan-
ning processes. Reconciling the results of this proposed objectives hierarchy 
and the objectives hierarchies used by other agencies is discussed briefly at 
the end of this chapter. Box 7.1 describes how decision objectives might 
be established for managing water levels at Spirit Lake.
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BOX 7.1
Managing Spirit Lake Water Levels: Setting Decision Objectives

As the scope of the decision problem is defined, the U.S. Forest Service (USFS) and 
the facilitator and decision analyst on the neutral support team can begin to work with 
decision participants to develop a list of decision objectives. The decision participants 
may use the example of a simplified partial objectives hierarchy in Figure 7.1 as a 
starting point for discussion and consider whether such an objectives hierarchy could 
be used to compare system-wide alternatives for managing water levels at Spirit Lake. 
It might be agreed that the cost elements of the decision problem are adequately rep-
resented in Figure 7.1. All participants might agree that, all other things being equal, 
a less expensive alternative is preferable. The USFS member among the decision 
participants, however, might also want cost risk to be part of the decision framework 
because although their budget can be adjusted to fund different alternatives, once 
funding is in place it is difficult to obtain additional funds for unanticipated costs (e.g., 
emergency repairs). Therefore, the USFS may be interested in seeing alternatives less 
likely to require future emergency repairs.

The decision participants might also recognize that different outlet alternatives 
from Spirit Lake and different management regimes give rise to a whole host of issues 
in and around the lake and downstream (including downstream of a second tunnel, as 
discussed in Chapter 5, if that alternative is to be considered). Figure 7.1 would need 
to be amended to represent other hierarchies associated with those issues. Subgroups 
among the decision participants could be tasked with exploring these issues and de-
veloping a set of objectives and sub-objectives. Decision participants—led, perhaps, 
by local environmentalists and the U.S. Fish and Wildlife Service (USFWS)—might 
want to modify the middle column of Figure 7.1. For example, careful consideration 
of preliminary alternatives could lead the group to focus on an objective related to 
upstream fish passage. With technical input from the neutral support team, the decision 
participants might come to understand that upstream passage is only a means to a 
more fundamental interest of successful spawning, which itself is a means to the more 
underlying interest of overall fish survival and recovery.
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When Is a Set of Objectives Complete?

Identifying the right number of discrete objectives is challenging, and there 
are no exact rules for doing so. It is possible to consider too few or too 
many objectives. Each decision process will result in a different number of 
objectives, and the objectives and their number will evolve as information 
is gathered and viewpoints are explored. The completeness of an objectives 
hierarchy might be gauged by considering a preliminary list of decision alter-
natives to the decision problem. When comparing alternatives, if no new 
decision objectives are raised by the interested and affected parties, then the 
list may be adequate. If new decision objectives are revealed, then additional 
work is needed to include the newly raised objectives into the hierarchy. 

Choosing Metrics to Predict Performance Against Objectives

To define objectives properly, there is a need to determine by what means 
those objectives would be measured. Performance metrics can be chosen 
to measure the degree to which objectives are expected to be attained. 
Establishing such metrics gives decision participants a means to quantify 
a desired outcome so that expected progress toward or away from those 
outcomes can be modeled. Measuring expected progress is challenging, 
however. Metrics used by physical scientists and engineers to assess, for 
example, projected infrastructure performance will not necessarily measure 
progress with respect to decision objectives. Keeney and Raiffa (1993) 
note that there are many types of metrics and care is needed to select the 
appropriate metrics for each objective. Consideration of what is measured, 
where, and over what time frame is partially subjective and so requires both 
technical and nontechnical considerations. This allows easily overlooked 
links to be revealed and tested against the management alternatives and 
their impacts. Moreover, a deeper and more concrete understanding of 
what the pursuit of an objective may lead to can stimulate the search for 
new and creative solutions. This underscores the importance of using an it-
erative and broadly collaborative process. Metrics developed in isolation by 
technical experts may miss key elements relevant to decision participants. 
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Metrics used in performance forecasts need to capture what is expected 
to happen as well as the uncertainty associated with those expectations. 
The latter is usually expressed as a probability distribution over the scale of 
the metric. For instance, given one option, models might forecast that 500 
fish of a specific species might migrate past a physical barrier in a specific 
amount of time—this is the expectation. The range of fish passing, how-
ever, may be 300 to 700 and expressed as a probability distribution over 
the scale of the metric. 

When beginning to develop metrics, a deliberative discussion with 
participants could consider different kinds of metrics and how they perform 
under different scenarios that may be of interest. These discussions are both 
technical in nature and driven by the concerns of decision participants. 
Metrics need to be developed with explicit consideration of how they do 
or do not incorporate risk and attitudes toward risk.

Some metrics directly measure the consequences of interest in their 
own terms. These are considered measurements of “natural attributes” in 
decision science literature (e.g., Keeney, 1996). Reliance on natural attri-
butes versus other types of metrics is, to the extent possible, desirable. As 
used here, the term “natural attributes” should not be confused with what 
natural scientists might use for characterization; rather, it refers to attri-
butes that can be measured using the same units as those with which the 
objective might be expressed. An obvious natural metric for the mainte-
nance cost of an alternative, for example, is dollars because there is a direct 
link between the metric (dollars) and the underlying objective (minimizing 
maintenance cost). Even in this example, however, care is needed since 
apparently “obvious” natural attributes might actually include hidden as-
sumptions about participant values and priorities (NRC, 1996). 

Using natural attributes as metrics tends to separate causal links from 
participants’ values (Slovic, 2010). It is seldom the case, however, that 
all the important objectives have natural metrics. More typically, metrics 
are best stated as proxies (also known as indicators or correlates) for the 
 consequences of an alternative, and still others might be represented on 
a constructed scale (see Box 7.2). For example, the area (e.g., acres or 
hectares) of accessible fish spawning habitat might be a useful proxy for 
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fish abundance since it is easier to measure area and that measurement is 
tied more directly to management alternatives. In another example, the 
probability of a catastrophic breakout of Spirit Lake might be a useful 
proxy for reducing various downstream impacts. This value might be more 
meaningful to participants and might be easier to measure while exploring 
management alternatives than to determine the myriad of downstream 
consequences that would arise from a breakout—even given that the down-
stream impacts may be what really matter to people in the area. Delibera-

BOX 7.2
Ordinal and Constructed Scales

There are many cases in which metrics are needed but neither natural nor proxy measures 
are feasible. Generic ordinal scales (e.g., high-medium-low measures or 1-5 Likert scales) 
are too often used under these circumstances. Generic ordinal scales might be useful during 
early stages of deliberation when participants’ understanding of the system is in development 
and diverse ideas are still being screened. Ordinal scales, however, are not sufficient for in-
depth comparison or final selection of management alternatives. They fail to force the clear 
thinking and communication required to develop appropriate metrics, and they do not admit 
the common mathematical operations (e.g., addition and multiplication) required to apply 
decision weights (see the Chapter 8 discussion of trade-offs). As a result, opportunities are 
lost to build common understanding and insight both into how the system might respond to 
different management alternatives and how those responses align with what people value. 

A more robust, albeit challenging, solution to capture hard-to-quantify impacts is to 
use constructed scales, so-called because they are constructed for the problem at hand. 
More specifically, a discrete level constructed scale would look like ordinal scales (e.g., 
high-medium-low, or 1-5), but the impacts for each level of the scale are defined with a 
succinct narrative that is relevant to the decision makers. As such, the qualitative details of 
what the different levels mean require in-depth discussion with participants and, potentially, 
subject matter experts. 

Failing and others (2012) document a complex water management problem in British 
Columbia, Canada, where a set of constructed scales were developed to compare hydroelec-
tric operations. Incorporating the values of the local indigenous peoples in the comparison 
of management options was critical. The constructed scales were based on the impacts to 
what Failing and others (2012) defined as learning, cultural quality, resource stewardship, 
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tive discussion among participants regarding proxies is vital; it is necessary 
to determine whether proxy metrics meet the needs of those comparing 
the alternatives. Deliberative discussion also stimulates the search for new 
and creative solutions.

Some metrics, such as flood damage, might be monetized. Flood dam-
age may be translated from inundation depth and the number of structures 
impacted to an aggregated dollar amount. It may be desirable during a 
later step in the decision process to convert other impacts into dollars. 

and other values. In that case, resource stewardship was broadly defined as a responsibility 
to manage the ecological health of the river system in a way that is sustainable and takes 
into account future generations. A discrete five-point scale was developed with decision 
participants that could help discriminate among the different solutions being considered:
 

Poor One or more of the key parties are not included in active participation 
and stewardship opportunities are limited.

Fair All of the key parties are involved but stewardship opportunities are 
limited.

Good All key parties are fully involved, and there are moderate opportunities 
for active stewardship by key parties and affected communities.

Very Good All key parties are fully involved and there are significant opportunities 
for active and collaborative stewardship, but with limited long-term 
financial and institutional commitment.

Excellent  All key parties are fully involved, there are significant opportunities 
for active and collaborative stewardship, and there is a commitment 
to active and on-going oversight, monitoring, and capacity building. 
(Failing et al., 2012: 5) 

In the Spirit Lake and Toutle River region, interested and affected parties described a 
desire to restore “naturalness” in the system, but naturalness is defined differently by different 
individuals. A constructed scale could be developed and applied to measure the anticipated 
effects on naturalness of the different decision alternatives under consideration. Constructed 
scales such as these may be useful when comparing options that use difficult-to-measure 
decision objectives.
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This would be done with input from the interested and affected parties 
and to the extent that this translation is found to be useful for comparing 
alternatives (see the later discussion of trade-offs).

Finally, progress toward certain decision objectives may be best tracked 
via constructed scales. Topics that arose during the committee’s public 
meetings suggest that some people would compare management alterna-
tives in ways that would be difficult to measure. For example, it is likely 
to be difficult to determine the extent to which management alternatives 
protect the “naturalness” of the Monument or the degree to which they 
may improve or promote collaboration among agencies.

Additional Considerations When Defining Metrics

Various issues that will likely require metrics were raised by interested and 
affected parties during the committee’s open session meetings. Some are 
described briefly below. Many more topics will probably be raised during 
future decision making.

Restoring “naturalness.” As already described, “naturalness” is  defined 
differently by different interested and affected parties in the region. 
Participants will need to agree on a meaningful definition that is 
grounded in cause-effect logic. The definition will need to be expressed 
so as to be linked usefully to decision objectives and metrics. This 
might link naturalness to modeled or quantifiable estimates of fish and 
wildlife abundance, or it might develop a constructed scale.

Cost uncertainty. While expected costs have been used to characterize 
built management alternatives, cost uncertainty (also called cost risk) 
may also need to be addressed. A wide range of beliefs has been aired 
related to the future performance of the Spirit Lake tunnel (and there-
fore the need for and size of repairs) versus an open channel alternative 
(see Chapter 5). Decision participants may find that cost risk is an issue 
because of institutional barriers—sudden and unexpected repairs stress 
the USFS budgeting process. Deeper exploration of metrics might 
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yield better understanding of the consequences of management alter-
natives, which, in turn, could inspire more imaginative management 
approaches to more directly address decision objectives.

Types of cost. Metrics for expected costs may require discussion among 
decision participants. Some interested and affected parties may place 
more importance on aggregate costs, while others may think in terms 
of present value costs. Because different agencies have different bud-
gets allocated for different parts of the system (or different budgets for 
different mitigation drivers in the same part of the system), division of 
costs of various management alternatives among parties (and how they 
are tied to the intended mitigation) might also be of interest. 

Adaptive choice. Metrics based on expected costs may be misleading if 
conditional choices are to be made over time. For example, it might be 
desirable to compare today’s cost of raising the SRS spillway to the cost 
of a more adaptive approach such as dredging as needed until sediment 
loads reach a certain threshold before the spillway is raised. Compar-
ing the expected cost of dredging versus a spillway raise without the 
application of appropriate metrics that capture the expected cost of 
the dynamic dredging options—using, perhaps, a decision tree, for 
example—will not capture alternative values of the dredging strategy 
and would also ignore the regret value of raising the SRS in advance 
of need. 

Fish abundance. Objectives related to fish survival and recovery were 
repeatedly raised by interested and affected parties. These include the 
impacts of dredging on fish migration; potential for upstream migra-
tion past the SRS, through the sediment plain, and even into Spirit 
Lake; access to spawning areas (including tributaries that may or may 
not be cut off from the main stem through sedimentation); and pos-
sibilities for downstream migration through the sediment field. It is 
not apparent, however, that a system-wide assessment of the fish pop-
ulations and the factors that affect them has been performed, let alone 
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been translated into metrics useful for comparing alternatives. In a 
similar approach to that presented in Table 7.1, a first step would be to 
identify factors that impact fish survival and recovery on a system-wide 
basis and assemble them to compare management alternatives. This 
would require deeper deliberation to develop common understanding 
regarding the different dimensions of “fish abundance” (i.e., different 
individuals might equate population size, population productivity, or 
aggregate health of individual fish in a population as defining char-
acteristics of fish abundance). If trade-offs are complex because there 
are different impacts in different locations for multiple management 
alternatives (e.g., raising the SRS spillway avoids dredging and there-
fore the associated negative impacts on fish downstream, but it blocks 
passage and inundates side channels above the SRS), then further work 
is needed to aggregate the impacts into one summary statistic that 

TABLE 7.1 Screening Table for Alternatives and Their Associated Uncertainties.

Closed Conduit  
(Alternatives 1-4)

Open Channel 
(Alternative 5)

Known engineering design and performance Yes No
Potential for mechanical failure Yes No
Outflow scales with inflow No Yes
Vulnerability to principal regional hazards
Hydrologic High Moderate
Seismic Lowa High
Volcanic Lowa High
Geomorphic None Moderate to High
Time scales of recession post-hydrologic event Weeks to months Days
Time scale for intervention in the event of 
failure

Weeks to months Hours to Days

Passes fish No Yes
aThere are subtleties associated with a buried conduit that increase vulnerability to 
these hazards.
SOURCE: G. Grant, personal communication (November 1, 2016).

http://www.nap.edu/24874


A Decision Framework for Managing the Spirit Lake and Toutle River System at Mount St. Helens

Copyright National Academy of Sciences. All rights reserved.

237

Identifying Decision Objectives and Alternatives

allows a comparison of management alternatives based on their over-
all system-wide impact on fish. This is likely to be a highly technical 
exercise (e.g., comparing the importance on overall fish abundance of 
spawning, rearing, and migration life stages). But this is also likely to 
be a value-laden exercise (e.g., determining which fish matter more 
and where). Care will be needed to structure the interaction between 
the technical analysis and the decision participants.

Wildlife habitat. Habitat above the SRS was frequently mentioned 
but rarely quantified. There are several countervailing trends, including 
loss of habitat due to the steady accumulation of sediment, the natural 
re-vegetation of areas impacts by the events of 1980, and the possible 
revegetation of portions of the sediment plain. Furthermore, habitats 
suitable for different categories of species (e.g., large mammals, birds, 
rodents) can be differently affected by decisions. Useful metrics would 
be species category–specific and would isolate the effects of manage-
ment alternatives as opposed to natural trends.

THE ALTERNATIVES

The third step in a PrOACT-like process addresses alternatives. The goal 
is to craft multiple and diverse alternatives to address the management 
decisions at hand. This section will look at how this can be accomplished 
and describe how future management efforts might build on previous ef-
forts. Management alternatives should be complete packages of actions or 
policies (i.e., a full system-wide strategy) put together in a way that ad-
dresses all the possible individual actions and policies available to decision 
participants within the scope of decisions being addressed. 

A common mistake in decision making is to construct alternatives from 
a too narrow subset of possible actions, thus failing to represent a full range 
of possible solutions (Bond et al., 2008). One effect of constraining alter-
natives in this way is the tendency to miss interdependencies. This mistake 
is reflected in past decision documents in the Spirit Lake and Toutle River 
region. For example, as mentioned earlier, the original USACE plan (1983) 
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included alternatives to manage Spirit Lake levels as well as alternatives to 
manage sedimentation in the system. While it was recognized that these 
two management levers could be interdependent (USACE, 1984a), anal-
yses presented in the documents treated them as independent; each set of 
alternatives was treated separately. The opportunity to formulate and eval-
uate management alternatives recognizing interdependence was missed. It 
is often the tendency of individual agencies to concentrate on actions that 
are possible within their respective authorities whereas representatives of 
the Cowlitz Indian Tribe, the community residents, and other interested 
and affected parties may be interested in a more holistic management of the 
challenges that affect the entire system, as expressed during the committee’s 
open session meetings in Kelso. 

Possible actions and policies should be bundled into system-wide al-
ternatives so that their full impact and interrelationships can be assessed. 
Such an approach will capture the important impacts of, for example,

• Spirit Lake water level management alternatives on the risk of 
catastrophic breakout through the debris field;

• Spirit Lake water level management alternatives on sedimentation 
rates at and below the SRS;

• Spirit Lake, SRS, and dredging alternatives on fish survival and 
recovery; and

• Spirit Lake and SRS alternatives on wildlife from Spirit Lake to 
the Cowlitz River.

This list captures some issues that are apparently secondary to the pri-
mary issue of preventing a catastrophic breakout of Spirit Lake. It might be 
argued that the prevention of a Spirit Lake breakout is so overwhelmingly 
important as to make connections to secondary issues irrelevant. Even 
so, it is helpful to include these secondary issues to avoid derailing deci-
sion processes when participants feel that their concerns are being ignored 
and potential solutions to address them are being dismissed. Inclusion of 
apparently peripheral issues creates a means for agencies to engage with 
interested and affected parties on the “primary” issues being addressed. 
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Broad inclusion of interested and affected parties when creating decision 
alternatives potentially improves decision quality (NRC, 2008), avoids an 
overly narrow scoping of alternatives (which can preclude buy-in from a 
broad audience), and possibly contains and resolves debate over the feasi-
bility of alternatives so that outcomes are mutually satisfactory.

It is useful at this stage of the decision process to be deliberate about 
why various alternatives are being considered. Broad and creative thinking 
imposes a process burden (e.g., time and other resources) on the decision 
lead and participants, and pushback can be expected if alternatives seem 
unrealistic. Nevertheless, systematically and inclusively identifying alter-
natives can, at different phases in the decision process,

• Build trust among participants;
• Inform all engaged about modeling processes and system behavior 

given different management alternatives;
• Help participants better understand the relationship between 

participants’ decision objectives and what is possible to change 
through management; and

• Drive participants toward a solution.

Just as it is important to collaboratively identify decision objectives and 
their metrics, it is important to develop the list of alternatives through a 
collaborative process for many of the same reasons. A level of engagement 
consistent with the “involve” or “collaborate” levels of participation explic-
itly includes a commitment to incorporate other participants’ ideas in the 
generation of alternatives. 

Generating Common Understanding About Alternatives

The need for common understanding of the decision problem and ob-
jectives extends into the next phase of the decision-making process. For 
example, the expressed desire for a “more natural” way to manage Spirit 
Lake water levels may be at odds with potential engineering solutions for 
the control of water in Spirit Lake as described in Chapter 5. Some par-
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ticipants at the committee’s open session meetings discussed their under-
standing of the benefits of the open channel alternative to control Spirit 
Lake water levels. There seems to be a divergence between what advocates 
believe a functional, reliable permanent open channel solution would look 
like (i.e., a “natural” part of the landscape) and the possible reality of a less 
maintenance-intensive and more robust solution with predictable perfor-
mance (i.e., an engineered spillway). There is a substantive knowledge gap 
regarding practical design issues that needs to be resolved before trade-offs 
can be considered between the open channel alternative and other alter-
natives. A concerted effort is required to create common understanding 
and agreement about performance characteristics and design goals (e.g., a 
more natural landscape). There may even be trade-offs to consider among 
high-level goals. This may require a smaller deliberative process to design 
one (or several) open drainage alternative(s) that then informs system-wide 
considerations.

A Broad Range of System-Wide Alternatives

A system-wide approach for making decisions is described and recom-
mended in this report. This involves thinking about how all the natural and 
built elements of the Spirit Lake and Toutle River region might contribute 
to or be affected by any given alternative. Different kinds and possibly com-
binations of coordinated management actions and policies may result in the 
most realistic, cost-effective, and sustainable solutions. When considering 
any decision in the system, it is important to consider all components of a 
system-wide solution and to generate alternatives that include

• capital works (multiple and perhaps redundant ways to manage 
water levels at Spirit Lake);

• operational changes (including lowering Spirit Lake, different ap-
proaches to dredging);

• emergency response plans (including a road to ensure full-time 
access to drainage works, automating gate operations, enhancing 
downstream emergency management systems); and

http://www.nap.edu/24874


A Decision Framework for Managing the Spirit Lake and Toutle River System at Mount St. Helens

Copyright National Academy of Sciences. All rights reserved.

241

Identifying Decision Objectives and Alternatives

• mitigation measures (e.g., levees, managing dredge spoils, property 
buyouts).

No single agency can shoulder the responsibility for all the management 
actions required, so explicit consideration of what agency or organization 
will be responsible for what actions needs to be made.

Alternatives Over Time

A systems approach also requires understanding system response over time. 
When generating alternatives, consider whether actions are necessary only 
once or are more dynamic and adaptive and based on a sequence of con-
ditional decisions. When the SRS was first planned, the USACE chose 
a staged approach to future management (USACE, 1983). A sequence 
of spillway raises was not originally part of the plan, but that possibility 
became feasible when the probable maximum flood was downscaled in 
the early 2000s. Such an adaptive approach (given that the existing plan 
is truly adaptive and responsive to conditions) should also be considered 
among the alternatives for current and future spillway raise decisions at 
the SRS, where low-cost dredging alternatives might be explored before 
undertaking the next spillway raise—given the cost and likely irreversibility 
of the decision. Note, however, that these alternatives have implications 
across the system and across steps in the decision process. Where there 
are dynamic, adaptive management steps that can be taken, taking the 
expected value of the criteria must account for dynamic choices. Ignoring 
this modeling requirement means that the expected values will miss alter-
native value (the benefit of delaying a decision) and regret value (the lost 
benefit from making a decision too soon) and potentially lead to the wrong 
policy conclusions.

The Number of Alternatives

Taking a systems approach to management requires developing strategies 
that consist of one or more actions, addressing multiple goals, and consid-
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ering all beneficial and adverse effects, both individually and in aggregate. 
Whereas thinking creatively about all aspects of the system at once can 
lead to creative solutions, it may also lead to an unmanageable prolifera-
tion of alternatives. There are constructive ways to limit this process, and 
collaborative deliberation guided by a decision analyst can help to 
negotiate these. Examples are provided below.

• A collaborative participatory process may, in a purposeful manner, 
screen those alternatives that are obvious nonstarters for partici-
pants. The fatal flaws associated with those alternatives need to be 
carefully communicated so the reasoning behind their removal is 
understood.1 A mistake here is to prematurely eliminate alterna-
tives best dealt with during later deliberations of trade-offs. 

• Deliberation might reveal those specific actions or policies that 
could be decided on independently of other choices. These can then 
be added back into discussions as constants across  system-wide 
alternatives. 

• Strategy tables (Gregory et al., 2012), such as the hypothetical 
example shown as Table 7.2, are visualization tools that can be used 
to effectively manage the number of possible solution sets when 
there are a large number of decision elements.

• A careful review of decision objectives can be useful in guiding the 
generation of alternatives.

There is a tendency for alternatives to be adjusted from some base 
case or starting point. This may preclude consideration of some viable 
alternatives that are substantially different from that starting point. In the 
behavioral decision literature, this is called the anchor-and-adjustment bias 
(Kahneman and Tversky, 1982). On the other hand, alternative creation 
can stall when it becomes a mechanical working through of all possible 
permutations and combinations of decision elements. Using decision ob-

1 In its review of the raising of the SRS, Battelle [2014] noted that it was not clear why some 
alternatives were eliminated from consideration.
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jectives to drive the creation of alternatives can help navigate between these 
two extremes. Referring back to the examples of draft decision objectives 
described in the previous section, this process could consider

• A solution that minimizes the risk of a catastrophic breakout from 
Spirit Lake;

• A solution that minimizes overall cost;
• A solution that maximizes the “naturalness” of the system (if this 

decision objective is carried forward by decision participants);
• A solution that minimizes the negative impact of sediments; and, 

perhaps,
• A solution that maximizes the abundance and diversity of fish and 

wildlife populations.

While this set of alternatives may not contain the solution settled 
on ultimately by decision participants, these might serve as preliminary 
bounds for an otherwise almost limitless decision space, constraining the 
search for the best solution and perhaps yielding surprising insights that 
can be built upon to create a final, broadly acceptable solution. Box 7.3 
provides a list of questions that decision participants should consider as a 
group when developing their list of alternatives.

In a strategy table (e.g., Table 7.2), one alternative might address the 
desire for a more “natural” solution by selecting an open channel and a 
lower SRS spillway level. This alternative is a package of all these alter-
natives—that is, the various actions required throughout the system to 
implement a specific strategy—selected at once, as shown by the blue solid 
circles above. A second strategy (highlighted with red boxes) could be 
minimizing sediment migration. In this case, Spirit Lake is drained to a 
lower level, an alternate drainage tunnel is chosen that does not discharge 
into the Toutle River system, and current dredging practices are continued 
in the lower river. Whether or not this idea is acceptable depends on how 
this package of alternatives, as modeled for the combined impacts across 
the whole system, compares to the performance of other packages of alter-
natives given the chosen decision objectives and metrics.

http://www.nap.edu/24874


A Decision Framework for Managing the Spirit Lake and Toutle River System at Mount St. Helens

Copyright National Academy of Sciences. All rights reserved.

245

Identifying Decision Objectives and Alternatives

BOX 7.3
Creating Alternatives for Managing Spirit Lake Water Levels: Ques-
tions for the Decision Participants

Decision participants will move from creating objectives, objective hierarchies, and 
metrics to forecast performance against those objectives toward considering what 
actions across the system can be taken to meet those objectives. Experts in decision 
analysis, stakeholder engagement, and group facilitation who are part of the neutral 
decision support team (see Chapter 6) might help the decision participant group assess 
the appropriateness of their alternatives through questions such as:

• Do the alternatives, as a collective set, address the objectives of interested and 
affected parties?  New and innovative alternatives may be derived through con-
sideration of the decision objectives. Has each interested and affected party seen 
its interests addressed to at least some degree in at least one alternative?

• Were the alternatives developed with input from interested and affected par-
ties? Deeper levels of engagement include opportunity for input from interested 
and affected parties during creation of alternatives. This increases levels of trust, 
enhances the development of a complete set of alternatives, and encourages buy-in 
of the final decision among interested and affected parties.

• Do the alternatives strategies consist of full and complete sets of solutions for the 
system (as opposed to individual actions taken on system elements)?  Does each 
clearly specify what is (or is not) to be implemented in all areas of the system where 
changes could be made?  A strategy table (e.g., Table 7.2) is useful to encourage 
system thinking and completeness.

• Have interdependent elements of the system been identified and included together 
as sets (e.g., if an objective is to encourage fish passage to Spirit Lake, have 
options that enhance passage past the SRS and options that include fish passage 
into Spirit Lake been linked)? Similarly, have independent elements of the decision 
(e.g., the ones whose implementation would not move toward or away from the 
stated objectives) been separated to simplify analysis?

• Have any alternatives that are dynamic (i.e., dependent on system response over 
time) been adequately described?
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A strategy table is a useful tool for creating a mental model to compare 
the individual actions required to implement a given strategy with the 
actions embodied in other strategies. The table provides a visual image 
that may be helpful for narrowing strategies. A strategy table applied in a 
real-world setting would probably include more elements than appear in 
Table 7.2 and, as such, is likely to be more practical once the number of 
alternate strategies to be considered has been reduced.
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C H A P T E R  8

Decision 
Consequences and 
Trade-Offs

Following the development of a suite of alternatives, it becomes necessary 
for decision participants to develop a complete understanding of the im-
pacts of those alternatives and then to begin the process of determining 
which set of alternatives provides the best solution that is supportable at 
some level by all decision participants. This chapter begins with a dis-
cussion of understanding consequences, capturing uncertainties, avoiding 
over-conservatism, and using a tool called a consequence table. The sec-
ond half of the chapter discusses how the alternatives can be negotiated 
through, for example, identifying those that best meet stated objectives, 
refining metrics to better understand consequences, and clarifying the rules 
of decision making. By the end of the chapter, the reader will be at least 
familiar with the analytical-deliberative process. The chapter concludes 
with a brief discussion of PrOACT-like (Problem, Objectives, Alterna-
tives, Consequences, Trade-offs) processes as compared to existing agency 
processes.

WHAT ARE THE CONSEQUENCES? 

Consequences are the impacts of alternatives as measured by performance 
metrics. Each measurement reflects a with/without assessment (the value of 
each performance metric with the alternative, minus its value in the absence 
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of the alternative). In many cases, the performance metric is defined such 
that it has a zero value when the alternative is not implemented.

Care is needed in eliciting information and opinions regarding rela-
tionships between underlying physical processes and performance of dif-
ferent policy alternatives. Relationships may be misstated due to individual 
perceptions and potential mistrust among agencies and interested and af-
fected parties. There may be a wide range of beliefs concerning a number 
of key underlying physical processes such as

• limiting factors for fish abundance and
o the ability of fish to migrate past the sediment retention struc-

ture (SRS),
o the ability of fish to pass through the sediment field above the 

SRS, and
o the impacts of dredging on aquatic habitat and fish migration;

• limiting factors for increased dredging capabilities, including
o where spoils can be put,
o acceptance of local residents to the placement of spoils, 
o impact of dredging on listed species migration, and
o the ability to secure environmental permits in a timely manner;

• long-term performance of the tunnel, including
o seismic withstand, and
o the ability of tunnel to perform given the underlying geologic 

composition and dynamism of the surrounding rock;
• operational risk arising from tunnel repair closures;
• volume of material transfer from debris field, including whether 

the long-term trend of sediment migration is constant or declining;
• susceptibility of an open channel solution to downcutting from 

erosion;
• calculations of a Probable Maximum Flood (PMF); and
• magnitude of the 100-year flood.

Resolving the list of uncertainties in an environment where some 
participants cite low trust in other participants is daunting. Nevertheless, 
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scientific complexity is not a barrier to a successful participatory process. 
Increasing the participatory nature of processes adds to the quality of the 
analysis (NRC, 2008).

Influence diagrams, developed through discussion with decision par-
ticipants, can clarify cause-and-effect relationships among the issues being 
considered. An influence diagram lays out how the system works. For ex-
ample, the U.S. Army Corps of Engineers (USACE) highlighted “erosion” 
as a planning objective (USACE, 1983). Figure 8.1 is a simple influence 
diagram that shows how the rate of sediment production might be linked 
to other factors. An influence diagram is an outline of the “physics” of the 
system that clarifies the cause-and-effect pathways.

Capturing Uncertainty

Alternatives identified on the left-hand side of the influence diagram in 
Figure 8.1 cascade to a spectrum of potential outcomes or consequences on 
the right-hand side. To be useful in decision making, the consequences 
on the right-hand side must be measured along the scales of the metrics 

Erosion
Rate

Fills behind
SRS

Future SRS
raises,
advances SRS
closure date

Cost

Fish passage
past SRS

Fish passage
through sediment
plain

Wildlife foragingDredging in
the Cowlitz
River

FIGURE 8.1 A simple influence diagram showing how the erosion rate of sediment 
might be linked to specific phenomena. Detail in this example is provided for only one 
phenomenon; others would also have to be diagrammed. NOTE: This diagram does 
not represent a recommendation; the resulting diagram following an actual discussion 
may be different.
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associated with the chosen objectives. The predictions of these conse-
quences within the context of the influence diagram are usually uncertain; 
therefore, they are expressed as probability distributions. For each of the 
decision alternatives there is a set of probabilistic forecasts expressed over 
each of the metrics associated with each of the objectives. These uncertain 
but quantitative forecasts of consequences related to each of the many 
objectives form the basis for decision.

A standard approach for capturing uncertainty (Morgan and Henrion, 
1990) involves

• Modeling consequences using midpoint or best estimates to start;
• Identifying parameters (or hypotheses) that drive uncertainty and 

varying these in a sensitivity analysis to understand which uncer-
tainties may significantly affect the decision. This will highlight 
where work to reconcile conflicting expert opinions is needed 
(Gregory et al., 2012);

• Testing the impact of key uncertainties, perhaps through analysis 
of scenarios created jointly with participants, so that the range of 
uncertainties is captured. These might include expected condi-
tions, a 100-year inflow, a PMF, a moderate seismic event, and a 
moderate volcanic event; and

• Developing probability distributions for a manageable number of 
key uncertainties, either through historical data, modeling, or ex-
pert elicitation (Burgman, 2015), and building these into a model 
to show the relevant distribution of possible outcomes. This will 
highlight the key uncertainties and decision drivers.

Table 7.1 is an example of the first steps of this process where the ro-
bustness of alternatives is explored qualitatively against individual hazards 
(Grant, personal communication, November 1, 2016).

Where deviation from the expected case is large enough to rearrange 
the ranking of alternatives, additional work is needed to model the uncer-
tainty and to characterize it in ways that assist the participants in under-
standing trade-offs. In particular, Table 7.1 indicates that additional work 
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is needed to aggregate different sources of risk into one overall measure that 
captures overall risk of a Spirit Lake breakout. The general public, decision 
participants, and policy makers will not have the technical background 
to combine these different sources of risk. Yet this information is critical to 
developing an understanding of how the different alternatives perform in 
preventing a catastrophic breakout. It is up to technical specialists working 
with the decision participants to finish this task.

Avoiding Over-Conservative Assumptions

It is a common mistake to build an element of risk aversion into analyses 
by using “conservative” modeling assumptions. Such assumptions may take 
the form of using the worst plausible case for negative outcomes as has 
been done where the USACE assumes a “no decay” time path of sedi-
ment erosion—the highest rate of erosion from several possible hypotheses 
(Britton et al., 2016b). Others may advocate the use of “safety margins” or 
engineering judgment to exaggerate possible negative consequences. The 
use of conservative modeling assumption should be avoided because

• Attitudes toward risk vary among individuals, and building risk 
aversion into the modeling step requires value judgments to be 
made on behalf of other participants. These may not be transparent 
or appropriate for all interested and affected parties.

• Attitudes toward risk can be thought of as the willingness to trade 
off more certainty for less certainty. Because of this, these attitudes 
are best captured in assessing trade-offs. 

• Being “conservative” along one dimension (e.g., a more robust 
infra structure design to improve safety) often means being profli-
gate along another dimension (e.g., higher cost). Again, this trade-
off needs to be highlighted and examined, not made implicitly and 
invisibly during the modeling process.
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Using Consequence Tables

In an iterative, collaborative, and deliberative process, it is useful to list 
and organize each management alternative and each decision objective 
in a manner that allows the performance of the objective to be seen. A 
tabular display of this relationship is called a consequence table. Table 8.1 
is an example of such a table, adapted from a water management study in 
British Columbia, Canada (Gregory et al., 2012). In the illustrated case, 
decision participants sought a solution for conflicts among decision objec-
tives related to generating power, avoiding floods, and enhancing ecological 
values. This table is likely to have more compact than would a consequence 
table developed for the Spirit Lake region for comparing system-wide 
alternatives for managing water and sediment.

Development of a consequence table is a key milestone in the decision 
process. Because it is built jointly through deliberation among decision par-
ticipants (who are themselves interested and affected parties), it becomes 
an important element of a valuation framework. Building a consequence 
table is an iterative process, and early versions may require heavy revi-
sions to capture information properly. The ultimate goal is a table that is 
 noncontroversial—that is, participants should see their decision objectives, 
measured in ways that are both rigorous and meaningful to them and, 
perhaps, used to evaluate alternatives they helped to develop. The process 
of developing a consequence table helps the group create legitimacy of sub-
sequent decisions among themselves and with a broad group of interested 
and affected parties. Box 8.1 provides examples of past communication 
of comparison of management alternatives for the Spirit Lake and Toutle 
River region. The methods used may not always have been conducive to 
public support for management decisions.

Comparison of alternatives remains difficult, however. Developing a 
colored, interactive consequence table can be helpful. Important to this 
is the concept of Minimum Significant Increment of Change (MSIC) 
( Gregory et al., 2012). MSIC refers to a pragmatic estimation of the pre-
cision of each measurement approach used to populate a consequence table. 
For example, if the precision of financial models does not allow distinguish-
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ing among estimates that are within $1 million, then the MSIC for those 
financial measures will be $1 million. Alternatives within that range will 
be considered as equivalent.

The color scheme in Table 8.1 is not a simple high-medium-low 
risk ranking; rather, the color indicates a relative measure of the differ-
ent  alternatives with respect to the alternative being used as a point of 
comparison. The point of comparison is indicated in blue. Red cells in a 
particular row indicate alternatives with measures that are worse than the 
blue point-of-comparison cell; conversely, green cells indicate alternatives 
with measures that are preferable. A cell with no color indicates those 
alternatives with measures that are roughly equivalent (within the MSIC) 
to the blue cell. An “H” in the “Direction” column indicates that higher 
numbers (in this particular case) are preferable for a particular measure. “L” 
indicates lower numbers are preferable. (An interactive spreadsheet allows 
this basis of comparison to be changed during discussion.) This interactive 
visual tool is an excellent aid for exploring how management alternatives 
align with the decision objectives of the participants. This information may 
be used to rule out alternatives and criteria that are not key to the decision 
so that the group can focus on the main decision drivers.

It is important to have a technical discussion about the precision of 
data being used early in the decision process. The discussion is meant to 
focus participants on data that potentially drive decisions rather than on 
data differences that are inconsequential from a technical point of view. 
The discussion should be neither a value discussion nor a judgment on the 
importance of the decision objective to which the data relates. The rele-
vance of this discussion becomes more clear later in the decision process 
when metrics (and decision objectives) that have similar measurements 
(i.e., within the MSIC) across alternatives can be set aside since they do 
not help to distinguish among alternatives. This early technical discussion 
can help to discourage later value-laden heated discussions over differences 
that are inconsequential from a technical point of view. It also provides a 
solid basis of understanding for discussions regarding the trade-offs across 
consequences among wider groups of interested and affected parties.
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BOX 8.1
Communication of Management Alternative Comparison in the 
 Toutle River Region

Comparisons of management alternatives for the Spirit Lake and Toutle River system have 
been presented in a variety of ways, and there is a need for significant improvement 
in communicating alternatives and consequences to interested and affected parties. 
Several examples illustrate this point:

• The matrix used to compare alternatives for managing Spirit Lake water levels in 
the original management plan (USACE, 1983) was formatted with alternatives 
as row headers and criteria as column headers. The estimated impacts were 
reported on a 1-6 scale (including estimated implementation costs), however, 
leaving some key calculations incomplete (e.g., total cost, total risk of breakout). 
Interestingly, a different approach was used when alternatives were compared in 
an alternatives strategy document (USACE, 1983). The 1-6 scoring system in the 
matrix was replaced with paragraph-length descriptors for each entry.

• Comparison of alternatives was not done in a multiple-objective matrix format in 
the comprehensive plan to manage sediment (USACE, 1983). Despite the report 
explicitly highlighting a number of planning priorities, only the costs of the sedi-
ment retention were highlighted when comparing different strategies to manage 
sediment transport. The sensitivity of those costs, however, was presented in a 
table format.

• Alternatives for raising the SRS spillway were presented using a prose discussion 
of impacts (USACE, 2014) describing good and bad features. Comparison of 
consequences was difficult. For instance, the presentation of costs separately 
made it difficult to ascertain the incremental cost for incremental sediment capture 
between any two alternatives.

• The 2016 potential failure mode analysis described by Grant and others (2016b) 
explains alternative strategies for managing Spirit Lake water levels and also 
presents alternatives using extended prose descriptions of good and bad features, 
again making it difficult to apply the decision objective metrics across alternatives. 
(Note that Table 7.1 was not part of the 2016 report but was presented to the 
committee during an open session.)
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Representing Uncertainty in Consequence Tables

Decision analysis practitioners have not developed a comprehensive ap-
proach to representing uncertainty in a consequence table (Gregory and 
Keeney, 2017). If a key trade-off decision hinges on a risk-return consid-
eration, a quick shortcut is to use the expected outcomes (e.g., the 50th 
percentile measure of a forecast impact) and some statistic of a downside 
outcome (e.g., the 10th percentile statistic of a forecast impact) as different 
line items in a consequence table. In the hypothetical example shown as 
Table 8.2, alternative 2 appears to deliver a much larger amount of habi-
tat, on average, than does alternative 1. According to the chosen statistic, 
however, alternative 2 also delivers much less spawning habitat once every 
10 years. Choosing between alternatives 1 and 2 requires considering the 
relative importance of average versus downside impacts. Presenting this 
type of trade-off and talking about sensitivity to downside risk could be 
an important line of inquiry in a deliberative process. This discussion can 
improve understanding about why different parties hold different views on 
the alternatives; about how susceptible the decision objective in question 
is to the occasionally poor outcome; and, perhaps, about how to identify 
ways to modify the otherwise preferred alternative to mitigate these rare 
occurrences.

TABLE 8.2 A Hypothetical Example of Higher Cost Versus Higher Certainty  
Trade-off

Objective Sub-Objective Metric
Alternative 
1

Alternative  
2

Maximize 
Fish 
Abundance

Maximize expected usable 
Spawning habitat

Maximize spawning habitat in 
low water years

Haa (P50)b

Ha (P10)

100

 50

200

 20

aHa = hectare.
bP is the annual probability.
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This approach is a substitute for generating a higher-quality inquiry. 
But it does not fully represent uncertainty because it only looks at two 
parts of a broader distribution. Alternative 2 may also have a large but un-
likely upside potential that is ignored by this shortcut. Gregory and Keeney 
(2017) correct this theoretical gap by developing, for each decision partici-
pant, a single certainty equivalent that reflects that individual’s risk prefer-
ence. The certainty equivalent is the guaranteed amount that an individual 
would consider equivalent to a given distribution of uncertain amounts. 
The certainty equivalent differs from the expected value of the distribution 
according to the risk preference of the individual. A risk-seeking person 
would have a certainty equivalent greater than the expected value, while a 
risk-averse person would have a lower certainty equivalent (Raiffa, 1997).

Participants develop the certainty equivalent through a structured dis-
cussion. Clemen and Reilly (2014) take this a step further by estimating, 
through a structured gamble exercise, a risk-aversion parameter for each 
individual so that uncertain outcomes can be translated mathematically 
into a certainty equivalent. These more theoretically consistent approaches 
suffer a similar drawback, however. They greatly increase the process bur-
den, as each decision participant must develop a unique consequence table 
tailored to reflect his or her unique attitude toward risk. Whether or not 
this incremental level of effort is warranted depends on the situation. 

Helping decision participants collaboratively explore multiple alter-
natives when there is significant uncertainty across multiple objectives is 
inherently challenging. Attempts to fully incorporate uncertainty can easily 
lead to an unwieldy and contentious set of deliberations. Nevertheless, 
upfront transparency regarding the available tools, coupled with an explicit 
effort to match the techniques to the needs of the participants, can only 
add legitimacy to the process.

WHAT ARE THE TRADE-OFFS?

Identifying and closely considering trade-offs is the last step of the deci-
sion process. It is useful at this point to recall that the overall purpose of 
the process is not to find some objectively defined optimal solution, but to 
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find the best solution that is supportable at some level by all the decision 
participants. In most cases, this support hinges on participants’ awareness 
and acceptance of various trade-offs. Box 8.2 provides illustrative exam-
ples of some trade-offs that might be considered in the Spirit Lake and 
Toutle River region. As noted earlier, a common mistake in collaborative 
decision making is to prioritize objectives too early in the process (Keeney, 
2002). Attempts to do so before decision objectives and their metrics are 
clarified and consequences are calculated will result in discussion at a level 
that is too high to uncover and resolve differences. For example, asking a 
participant in the Bridge River water management process highlighted in 

BOX 8.2
Examples of Trade-Offs That Might Be Considered for Management 
of the Spirit Lake and Toutle River System

Based on input received by the committee during public session meetings, some antic-
ipated trade-offs might be

• Downstream sedimentation versus the “naturalness” of the drainage system;
• Cost versus catastrophic flood risk, particularly if the decision process includes 

consideration of multiple and redundant engineering solutions to managing Spirit 
Lake water levels;

• Sediment retention versus fish recovery;
• Sediment retention versus wildlife recovery;
• Fish populations downstream of the SRS versus fish populations upstream of the 

SRS (but only if participants see this as an important trade-off instead of seeing 
the abundance of the aggregate fish population being of primary importance);

• Short- versus long-term actions and consequences, particularly if it turns out that 
the system is likely to “reset” itself every few decades (e.g., through seismic or 
volcanic activity). Some management interventions may look different over shorter 
time frames but similar over longer time frames.

This list is illustrative only, put here to demonstrate the type of trade-offs that could 
surface at this point of the decision process.
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Table 8.1 to prioritize too early among flooding, water quality, and wildlife 
habitat on the Carpenter Reservoir would have generated an answer, but 
one that was not grounded in any substantive knowledge of those issues in 
that particular decision context. 

An effective decision process is based on the recognition that people 
develop their decision objectives and priorities as they deliberate and learn 
in a complicated, novel context (Slovic, 1995). People do not know at the 
outset how their values interact with what can be changed on the system 
nor how changing the system leads to intended and unintended impacts to 
the things they care about. The trade-off step is about exploring that deci-
sion space; looking for insights into how values are affected by the way in 
which the system reacts to changes; and looking for mutually advantageous 
solutions or, at least, solutions where important gains for some decision 
participants can be found without too much sacrifice of the interests of 
other participants. 

Developing consequence tables was discussed in the previous sections. 
The next sections describe practical steps through which decision partic-
ipants may be led to ultimately highlight the important trade-offs among 
a small number of alternatives so that a decision may ultimately be made. 

Eliminating Dominated Alternatives

Pairwise comparisons of all the alternatives can show how they perform 
against each other. If an alternative is dominated—that is, not better than 
any other alternative with respect to all metrics, and worse with respect to 
at least one metric—it can be eliminated from further consideration. The 
application of this principle highlights the importance of including all 
relevant and significant metrics in the consequence table, lest an alternative 
be dropped prematurely.

Refining Consequence Metrics

Entries in a consequence table should reflect the best available knowl-
edge and science. An early consideration of trade-offs in an iterative 
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deliberative process, however, can focus attention on greatest additional 
data needs.

Early in the process, before substantial investigation into all the per-
formance metrics and consequences, some metrics will likely be based on 
judgment. These might have been represented in the consequence table 
with “yes-no” or “high-low” entries. If there are comparisons between alter-
natives where most consequences point to a dominant relationship except 
for one or a few judgmental entries, then the possibility of refining those 
entries must be considered. Even a modest refinement, such as replacing 
a “high-low” scale with “high-medium-low,” may allow the alternatives to 
be ranked. If so, there may be no reason to seek further refinement of the 
ordinal scale. Otherwise, the process must iterate back to the development 
of more substantive and quantified metrics to better inform what is being 
gained or given up in the trade-off. Even well-researched and quantified 
metrics may need to be refined if deeper questions regarding those metrics 
surface during trade-off discussions. Again, this would lead the group to 
iterate back to refining the metrics and reestimating the consequences.

It is important that any revision of metrics and consequences be  entirely 
transparent and based on either newly available data or a more intensive 
analysis of existing data. Revision of prior judgmental metrics is generally 
to be avoided, as it may be viewed as self-serving or strategic on the part of 
the agency or the individual responsible for the judgment. This can quickly 
lead to an erosion of trust among the participants.

Eliminating Uninfluential Criteria

Some consequences brought forward by the decision participants may turn 
out to be of little importance for the decision at hand. The MSIC value 
(defined earlier) may be an indication of whether a particular metric can 
be ignored in decision making. Note the important process implications 
here: a decision objective and metric were put into the consequence table 
because one or more of the decision participants believed they were im-
portant factors when comparing alternatives. A careful consideration of 
the underlying impacts, however, could reveal that those factors, while still 
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important to some participants in a general way, can be set aside because 
they no longer help distinguish among alternatives. An example of this is 
in the colored consequence table (see Table 8.1). Because the consequences 
for power generation are roughly equivalent across all alternatives in that 
table, the group can conclude that this factor is not relevant to the deci-
sion. It must be emphasized that this is not a value judgment, but rather 
a technical one. Yet this technical judgment can reframe the problem in 
a powerful way, perhaps even helping to unlock a potentially deadlocked 
set of deliberations.

There is also an important communication element here. If this issue 
was important to the decision participants, then it is likely that it will be 
important to those outside the process as well. Communications regarding 
the process and its conclusions will need to include a careful justification 
for excluding the metric: explanation as to why it was initially included and 
what changes occurred that led to its later removal.

Monetizing Metrics

If after eliminating alternatives through the steps above it is still not possi-
ble to unambiguously rank alternatives, the next step could be to monetize 
certain impacts. In the example consequence table (see Table 8.1), only the 
power benefits are defined in monetary units. Some metrics in the table 
may not be amenable to monetization, but this is not always the case. For 
example, there are well-established methods for monetizing flood damage 
or recreation experience, and doing so may be a helpful way to simplify the 
consequence table and to clarify the comparison of alternatives to allow 
ranking.

Monetization methods include market-based valuation (e.g., travel 
cost analysis, hedonic price analysis), nonmarket valuation (e.g., contingent 
valuation, conjoint analysis), and benefit transfers. Yet, any valuation of this 
type should be performed carefully using the best available methods and 
data. Valuation techniques inject uncertainty into a process that is already 
characterized by considerable uncertainty. The analyst must be aware of 
the trade-off between additional information and increased uncertainty.
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The move to monetize some impacts is suggested late in the decision 
process. Retaining the consequences in their natural units as long as pos-
sible is important in a decision process such as PrOACT for two reasons. 
First, monetization of consequences can be controversial, and doing so 
before mutual trust has developed may undermine the legitimacy of the 
decision process. Second, leaving consequences in their natural units until 
consideration of trade-offs increases the opportunity to align understand-
ing of consequences and participants’ decision objectives. This can lead 
to the development of new and creative alternatives. Aggregating conse-
quences into a monetized sum of costs or benefits too early may derail this 
learning opportunity (Gregory et al., 2012). 

Comparing and Combining Objectives

Recall that the goal of this exercise is not to find a single best solution but 
a solution that is widely acceptable to the decision participants. A collabo-
rative participatory process that includes building a consequence table and 
applies a structured approach to explore value trade-offs can often identify 
such a solution. Some have likened this final step to multiparty negotia-
tion (Bourget, 2011). New insights may be used to refine alternatives and 
generate large gains to one set of interests with only small losses to other 
interests. Presumably, participants will agree to an outcome if there are 
greater benefits to doing so than not agreeing. Successful application of 
these ranking and weighting methods can occur only when a high level 
of trust exists—whether present at the outset of the process or as a result of 
the process.

In certain cases, it is possible that a thorough qualitative examina-
tion of trade-offs does not generate an obvious mutually acceptable solu-
tion. There still may remain a large number of alternatives or trade-offs 
across a large number of objectives with no single dominant alternative. 
In these cases, a more structured method may allow participants to think 
more rigorously about the relationships between their objectives and the 
alternatives. A structured elicitation and application of decision weights 
built on a multiple attribute utility theory (MAUT)—for example, swing 
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weighting1—has been used in other applications to break a deliberation 
impasse and reach a mutually agreeable solution (Keeney, 1988). While 
the swing weighting approach is built on and consistent with the theory 
of consumer choice as found in any microeconomics textbook, it is not an 
optimization process that generates the best answer based on objectively 
defined decision weights. Rather, it is a values-insight exercise that elicits 
decision “weights” from each individual. There is no need to reach agree-
ment on these decision weights; each individual’s weights give rise to an 
individual’s rank ordering of the remaining alternatives. Based on these, 
the search for a commonly supported alternative can continue. Table 8.3 
presents the same information shown in Table 8.1, but it highlights the 
range (from worst to best) across which the decision objectives are affected 
by the alternatives under consideration. Presented with the information in 
this way, a decision participant may move from a positional approach for 
comparing alternatives and instead may focus on their underlying interests. 
As an example, the participants can see that the effect of the various alter-
natives is that flooding in the lower Bridge River may range from zero to 
one day per year. This information could make it easier to prioritize among 
their decision objectives.

Individuals’ decision weights are tied to their personal values. As such, 
there is no “correct” answer, and weights are likely to vary from person 
to person. Guidance can help people construct their values around these 
difficult and novel considerations. For instance, when considering how to 
trade off X million dollars against some benefit (say, reduction of flood risk, 
or improvement of riparian habitat), a useful threshold question to ask is 
whether similar benefits can be achieved at a lesser cost through action 
in other parts of the system. A useful comparison question to ask is how 
other people value similar trade-offs. A useful substitute question to ask 

1 Swing weighting is one of several methods for deriving weights for objectives, allowing perfor-
mance against multiple objectives to be aggregated and management alternatives to be ranked. Weights 
for each objective are derived based on the range of worst to best outcome (the “swing”) across the 
alternatives. Following a process of normalization and determination of the relative value of the swings, 
weights are assigned to the objectives, where the objective with the potential to produce the greatest 
increase in overall value receives the largest weight (Belton and Stewart, 2002).
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might be regarding other benefits that could be “purchased” with that same 
amount of money—either through different management options within 
the Toutle River system or through considering hypothetical options across 
society writ large.

If uncertainty is an important component of understanding trade-offs, 
it will also need to be addressed in this. This could be done by translat-
ing uncertain consequences into their certainty equivalents: for example, 
by  using approaches described by Gregory and Keeney (2017), Clemen 
(1996), or Runge and others (2015). A unique set of consequence tables 
like Table 8.1 would be developed for each decision participant and the 
swing weighting could be carried out for each individual to help rank alter-
natives. As with all these tools, it is necessary to maintain communications 
with all decision participants to explicitly test whether the extra process 
burden is worth the resulting insights it could reveal.

It is important for participants to know that these valuation tools do 
not supplant decision making; rather, they help participants gain additional 
insights into their decision objectives that otherwise might be obscured by 
the multiple-objective decision making in a complex management system. 
Hobbes and Horn (1997) demonstrated how a divergence between “gut” 
level choices and those derived through swing weighting can be a source 
of additional value-insight. Building this exploratory step into the pro-
cess could enhance the legitimacy of surprising swing weighting outcomes 
should they occur.

While the decision framework is described in a linear way, it can be 
iterative when insights gained at one step lead to revisiting previous steps. 
The need to revisit previous steps might be recognized when participants 
recognize data gaps as they try to balance consequences across manage-
ment alternatives, when they recognize certain metrics need to be refined 
before consequences can be prioritized, or when they conclude that more 
creative thinking needs to be put into developing alternatives. Being able to 
answer the questions found in Box 8.3 positively is a good indication that 
the process is sufficiently mature. Given that the decision processes have to 
be completed in a finite time, however, it is important to have a common 
understanding of when deliberation can continue and when a final drive for 
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a solution should be made. It is at this point that decision rules developed 
early in the decision process become important. 

Clarifying Rules of Decision Making

Clarifying the rules of decision making in advance is an important early 
process design step (NRC, 2008). Deliberation until consensus is reached 

BOX 8.3
Negotiating Trade-Offs for Decisions Related to Managing  
Spirit Lake Water Levels: Questions for Decision Participants

The ability to negotiate trade-offs and compromises will be due, in large part, to the 
success of the neutral decision support team to make sure that a shared understanding 
exists among all decision participants of the information and ideas that have been 
discussed to date. Being able to answer the following questions positively will set up 
the decision participants to come to a decision that represents the best solution that is 
at least somewhat agreeable to all parties. 

• Are the positive and negative aspects of each alternative adequately highlighted? 
• Have the trade-offs among alternatives been portrayed in a way that is under-

standable and useful to interested and affected parties (e.g., by using a colored 
consequence table [see Table 8.1])?

• Does the process appropriately explore the value trade-offs (i.e., compromises) 
inherent in choosing one alternative over another? Has the role of individuals’ 
values been explored explicitly in this consideration?

• Was adequate time allotted in the decision process to use insights gained through 
exploration of value trade-offs to cycle back to 
o Develop new and better alternatives? 
o Focus additional data gathering in the short term?  
o Structure longer-term data gathering?

• If there are complex trade-offs that include multiple options and multiple conflicting 
decision objectives, has a structured approach such as swing weighting been used 
to help interested and affected parties construct their values around these complex 
and novel trade-offs?
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is sometimes stated as a decision rule., but this may give too much sway to 
holdouts or extreme views as discussions move toward closure. A decision 
rule might be adopted that does not allow a single dissenting view to block 
closure but does allow two or more to do so. An alternative approach is to 
have consensus as a goal, but not a requirement. In absence of consensus, 
participants (agencies and nonagency participants) can fall back to smaller 
coalitions (or to themselves in the most extreme example) and the statutory 
powers they hold. Failing and others (2012) have found that this decision 
rule can be useful for contentious, multiparty water management issues. 
In their case, participants were asked to rate the final alternatives via the 
following scale:

• Endorse (participant fully supports the alternative)
• Accept (the alternative meets participant’s minimum needs, but 

with the following reservations…)
• Block (the alternative does not meet the participant’s minimum 

needs)

Failing and others defined “consensus” as an alternative that was not 
blocked by any participant. Agencies, in particular, may still block an 
 alternative as required by their individual regulatory or legislated roles. 
Short of blocking an alternative, however, this format allows participants 
to state their concerns and reservations without standing in the way of 
reaching an agreed-upon outcome. In fact, these formally stated reser-
vations may form the basis of discussion regarding monitoring, adaptive 
management triggers, and the conditions of future reviews.

COMPATIBILITY OF A PROACT-LIKE 
PROCESS WITH AGENCY PROCESSES

Determining whether the decision framework recommended in this report 
is better than another framework, or no framework at all, requires that 
the framework be decomposed into its overarching elements of organized 
participation and the integration of science. An examination of public 
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participation in environmental assessment and decision making (NRC, 
2008) found empirical support for application of certain basic principles. 
With respect to organizing participation, inclusiveness of participation, 
collaborative problem formulation and problem design, transparency of 
processes, and good-faith communication were all found to be important. 
Whereas the committee recommends more inclusiveness in participation 
than has occurred in the past in this region, it also suggests there is a practical 
upper limit to inclusiveness. This suggestion expands beyond the principles 
as described by the NRC (2008). With respect to integrating science into 
the process, the NRC (2008) found support for iteration between analysis 
and broadly based deliberation dependent on the availability of decision-
relevant information; explicit attention to facts and values; explicitness 
about analytic assumptions and uncertainties; independent review; and 
reconsideration of past conclusions. The committee’s recommendations 
are consistent with these principles.

Whether a process similar to PrOACT is better than some alternative 
for structuring the analytic content of public participation is difficult to 
assess. The decision process described in this report draws on real-world 
experience as well as current understanding of how people make deci-
sions in complex and unfamiliar situations. It is designed to avoid com-
mon errors in decision making such as overlooking relevant facts, failing 
to properly communicate analytical results to all participants, or failing to 
account for the role of participants’ values in interpreting analytical results. 
A  PrOACT-like process recognizes the potential for such errors and pro-
vides ways to avoid them.

A second line of evidence could be whether a PrOACT-like process 
outperforms other types of decision frameworks. There is some exper-
imental evidence to show that a value-focused approach for managing 
environmental risks (in this case, water management decisions) leads to 
better outcomes than do approaches that are driven from simply comparing 
alternatives without a PrOACT-like framework (Arvai et al., 2001). 
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Decision Consequences and Trade-Offs

There is a broad alignment between the steps laid out in a PrOACT-like 
process, those in a USACE planning process, and a document prepared to 
comply with the National Environmental Policy Act, with perhaps a bit 
more granularity given by the five steps of the PrOACT framework. Given 
these similarities, following the recommended decision framework will not 
preclude also satisfying individual agency planning processes. Moreover, 
the information generated through the early steps of a PrOACT-like pro-
cess can be used to support very dissimilar approaches. For instance, the 
information contained in a consequence table would also be collected at an 
interim step through a traditional benefit-cost analysis, where the impacts 
of the different alternatives would be tracked to the end points of interest. 
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C H A P T E R  9

Applying the 
Decision Framework

The preceding chapters focus on the distinctive characteristics of the re-
gional and institutional settings that make long-term management deci-
sions for the Spirit Lake and Toutle River system challenging and then 
describe a framework for decision collaborative and analytically informed 
decision making that could be applied in the region. Chapter discussions 
describe hazards within the region and their potential effects on engineered 
works, downstream communities, and regional ecologies. The committee 
describes good management and decision-making practices and synthesizes 
key requirements for implementing those practices in boldface statements, 
each labeled “recommendation.” Box 9.1 lists those recommendations. As 
required by the statement of task (see Box 1.1), the committee also iden-
tifies management alternatives and describes gaps in existing data. This 
final chapter focuses on how the committee’s recommendations might be 
implemented in a way that fully addresses current and future challenges.

The recommendations in Box 9.1 highlight the need to account for 
system-wide impacts of both short- and long-term management decisions 
rather than focus on just one element of management (e.g., Spirit Lake 
water levels) or a particular engineered work (e.g., the drainage tunnel 
or the sediment retention structure [SRS]). The report recommends 
that agencies and other interested and affected parties develop a shared 
understanding of the broader system, the alternatives for managing the 
system, and the ways in which those alternatives can be expected to affect 
the system. Additionally, the report suggests broadening and deepening the 
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processes through which all interested and affected parties can participate 
in decisions regarding future management options—processes that 
must take into account engineering constraints and issues, stakeholders’ 
competing interests, and public concerns. Robust monitoring systems and 
the sharing of data among parties with a stake in the management of the 
system are recommended so that management decisions are informed by 
a common understanding of the factors that affect the system. Whereas 
many may view these recommendations as “common sense,” they do not 

BOX 9.1
Report Recommendations

The committee’s Statement of Task (see Box 1.1) calls for the recommendation of a framework 
for making decisions about the long-term management of the Spirit Lake and Toutle River 
system. A decision framework has been detailed in Chapters 6-8. In addition to recommending 
a decision framework, the committee synthesized the many findings and conclusions found 
throughout this report into eight recommendations, listed below in the order in which they 
appear. They are described more fully in the chapters indicated parenthetically following 
each recommendation. 

Recommendation: Responsible agencies and other interested and affected parties should 
develop a common understanding of the Spirit Lake and Toutle River system, 
its features, hazards, and management alternatives. (Chapter 3)

Recommendation: Agencies engaged in risk management in the Spirit Lake and Toutle 
River region should develop a coordinated and targeted monitoring system 
to track changes in factors that affect risk. Data and analyses should be shared and 
made available to all. (Chapter 4)

Recommendation: Alternatives for managing the Spirit Lake and Toutle River system 
should be judged over both short and long time frames to ensure consid-
eration of the range of the concerns of interested and affected parties. (Chapter 5)

Recommendation: Operational risk should be explicitly considered when 
evaluating alternatives for management. (Chapter 5)
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represent how elements of the Spirit Lake and Toutle River system have 
been managed in practice.

A certain sense of urgency regarding the Spirit Lake outflow tunnel 
exists given the present need for further repairs. The committee recognizes 
that some management decisions, such as those related to the tunnel, may 
need to be made before all the recommendations in this report can be fully 
implemented. Whereas the decision framework provided in this report 
is intended to be applied to future decisions for the entire system, early 

Recommendation: Adopt a deliberative and participatory decision-making 
process that includes technical considerations; balances competing safety, environmental, 
ecological, economic, and other objectives of participants; appropriately treats risk and 
uncertainty; and is informed by and responsive to public concerns. Dialogue among 
interested and affected parties and technical experts should be iterative, begin with the 
formulation of the problem, and continue throughout the decision process. (Chapter 6)

Recommendation: Create a system-level entity or consortium of agencies 
to lead a collaborative multiagency, multi-jurisdictional effort that can 
plan, program, create incentives, and seek funding to implement management solu-
tions focused on the entire Spirit Lake and Toutle River system. This effort should also 
be open and accountable to interested and affected parties involved in management 
decisions. (Chapter 6)

Recommendation: Broaden and deepen the participatory decision-making 
process from its earliest stages to include and assimilate the knowledge and 
interests of affected groups and parties whose safety, livelihoods, and quality of life 
are affected by management decisions. (Chapter 6)

Recommendation: Engage in system-wide thinking when making decisions 
about management objectives, approaches, and alternatives for the Spirit Lake and 
Toutle River system. Depending on the issues being considered, the system may include 
the Cowlitz River or extend beyond it. (Chapter 6)
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decisions can still be consistent with the general principles underlying the 
framework. Specifically, consideration can be given to how various man-
agement alternatives may affect present and future management of Spirit 
Lake as well as other parts of the system. As such, a two-phase process for 
implementing the recommendations can be envisioned. The initial phase 
involves a focus on the immediate challenges associated with Spirit Lake. 
This focus would include identifying and engaging interested and affected 
parties to inform and be informed by the analytic and decision-making 
processes suggested in Chapters 6-8. The decision-making group put to-
gether for this first phase of decision making might be a nascent form of 
the decision participant group that later fully realizes the implementa-
tion of the decision framework. The second phase would be focused on 
system-wide decision making and fully take into account upstream and 
downstream conditions, potential impacts, and affected parties. 

CHANGING MIND-SETS

The volcanic, seismic, and meteorological setting of the Spirit Lake and 
Toutle River system has created a region subject to steady and rapid phys-
ical change punctuated by periodic cataclysmic events such as the 1980 
eruption of Mount St. Helens. That eruption created a new physiographic 
normal for the people and wildlife in the region. Such cataclysmic events 
are recurring phenomena for the region, even if unknown to the region’s 
European-American settlers before 1980. The huge volumes of materials 
deposited as a result of the eruption dammed Spirit Lake with the debris 
blockage and literally reshaped the Toutle River and downstream river 
 valleys. Residents today grapple with the risk of a catastrophic breakout 
of the debris blockage and of more regular flooding caused by increased 
sediments in the system. These risks are consequential—potentially affect-
ing life and safety—and cannot be truly “fixed.” The probability of a cata-
strophic event related to one of these hazards in the future is non-negligible.

Management of the region since the 1980 eruption was first guided by 
emergency response and then by disaster mitigation. Whereas the dangers 
posed by natural hazards still exist, other consequences—such as those related 
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to ecological conditions, economic interests, or recreational opportunities—
also concern the community. If there is a desire to be responsive to the 
priorities of the region’s interested and affected parties, than those other 
priorities cannot be ignored. Recognizing the various risks and their 
relationships to community priorities may be a first step in understanding 
the Cowlitz Indian Tribe’s concept of “living with the volcano” (see Box 3.7). 
Quantifying risks, assigning metrics to values, and developing a common 
understanding of all this information could help those in the region develop 
a mind-set that allows them to learn how to live with the volcano, the river, 
local and regional seismicity, and other hazards. Looking forward, it will 
need to be determined whether engineered interventions applied to date 
offer enough protection to justify the benefits and consequences obtained.

Elected officials have delegated the authority, mechanisms, and re-
sources to manage the individual elements of the Spirit Lake and Toutle 
River system to different agencies. Few of those authorities, mechanisms, 
and resources have been granted in a manner that allows coordinated man-
agement among them, even when several elements are managed by the 
same agency. Management is often at cross-purposes with the needs and 
priorities of at least some interested and affected parties. The analytical-de-
liberative decision process described in previous chapters provides guidance 
on how beneficial and broadly acceptable management actions might be 
identified and agreed to. 

Decision participants, with the help of their neutral decision support 
team (Chapter 6), can use the decision process to identify, collect, and 
 analyze the data needed to quantify risks, identify system problems, identify 
multiple objectives of interested and affected parties, as well as find sets of 
actions that could address the many elements of the system. The conse-
quences of those sets of actions can be analyzed. With that information, the 
necessary trade-offs made by those with different resources and priorities 
can be agreed upon and a set of alternatives chosen. The alternative actions 
may be in the form of new infrastructure or changes to existing infrastruc-
ture; they may be operational (e.g., lowering lake levels or dredging); and 
they may be nonstructural (e.g., buyouts and zoning requirements). Given 
that infrastructure has been built that has itself wrought substantial changes 
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in the environment, a systems approach will likely involve a combination of 
all these types of actions. Many decisions applying the framework can be 
carried out through existing authorities and resources. All the same, other 
decisions will likely require action by elected officials. In the latter case, 
convincing evidence will have been collected as a result of the framework 
and can be presented to elected officials to support requests for authorities 
or resources. Because the decision process is largely evidentiary and based 
on analyses of data, it provides a comprehensive body of evidence to sup-
port decisions made at legislative levels.

SYSTEM THINKING

There is no returning the Spirit Lake and Toutle River system to a “natural” 
condition as long as people choose to live in the region and use the region’s 
resources. Given the choice to live there, decisions were made to manage 
sediments and the debris blockage, inevitably reducing the “naturalness” 
of the system. Rising recognition of the multiple objectives and additional 
priorities beyond safety means that management decisions become in-
creasingly complex. Decisions about different elements in the system can 
no longer be made in a geographic and policy vacuum: the impacts to the 
whole system of management activities in any one part of the system must 
be understood. Moreover, those impacts must be understood over a variety 
of timescales of interest. 

It could be argued that the choice of constructing the Spirit Lake 
 tunnel and the SRS merely delayed the inevitable transfer of sediment from 
the headwaters of the Toutle River at Spirit Lake through the Toutle River 
to the Cowlitz and Columbia Rivers and that perhaps a different mind-set 
than has heretofore been applied is required to manage sediments. Long-
term management solutions might seek to facilitate an orderly transfer of 
sediment through the entire system in ways that also promote desirable 
long-term ecologic conditions, economic goals, and public safety. Meeting 
the long-term goals may require considering those issues needing short-
term solutions as well as recognizing that different interested and affected 
parties may have different planning time horizons in mind. Well-trained, 
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skilled facilitators might help decision participants work through these 
differences. Trade-offs will always be necessary, but fewer benefits will 
be realized if changes are made absent a common understanding among 
interested and affected parties about how the system operates at many geo-
graphic and temporal scales. Developing strategy tables (e.g., Table 7.2) are 
useful for comparing multiple combinations of actions and can be modified 
to represent activities over space and time. 

FIRST STEPS

A first step in the recommended decision-making process described in 
Chapters 6-8 is to identify the lead party responsible for initiating a formal 
decision process (see Chapter 6). For purposes of this discussion, the com-
mittee assumes that the U.S. Forest Service (USFS) will lead the earliest 
stages of the process given the agency’s authority over Spirit Lake, the tun-
nel, and the surrounding area. The USFS will need to liaise with relevant 
agency and government bodies to explain the decision process and generate 
enthusiasm for it. This may mean one-on-one work with these other orga-
nizations to walk through the proposed decision process and could include 
a demonstration of how a PrOACT-like (Problem, Objectives, Alternatives, 
Consequences, Trade-offs) process operates, how it fits with overlapping 
regulatory responsibilities, and how it leads to better decision making for 
the system. The participation of a decision analysis facilitator in these early 
meetings would be beneficial. Whereas the USFS will likely be the agency 
to initiate the process, as decision making evolves and matures, the role of 
lead for any specific decision should be decided collaboratively. 

For a decision process to be perceived as legitimate by interested and 
affected parties, the lead must be accepted as an “honest broker” whose 
interest is in seeing a fair, even-handed process implemented in a techni-
cally competent manner. The lead should not be seen as dominating the 
process. This implies, among other things, that the lead has knowledge 
and experience in the practical application of the decision analysis concepts 
needed to coordinate the implementation of the decision framework in 
an objective, transparent, and disinterested fashion. These skills may be 
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present in the lead agency, or an outside agent may be identified to serve 
as an independent coordinator as part of the neutral decision support team 
(also described in Chapter 6). Important but perhaps not obvious areas of 
expertise that need to be included as part of the neutral support team are 
provided in Box 9.2. 

As described in Box 6.2, the USFS, with the help of the neutral support 
team, will assume initial responsibility for identifying and convening the 
group that represents both agency and nonagency interests and concerns 
for the entire system and over time. This is the group of up to approxi-

BOX 9.2
Selected Skills of the Neutral Support Team

The success of any planning effort depends on the skills of the cadre of individuals who 
direct, organize, and carry out the various activities that result in the final plan. The 
lead agency will need to assemble a number of distinct skill sets as it prepares to walk 
through the decision framework as recommended in the preceding chapters. Along 
with specific technical skills, other necessary skills include:

• Decision analysis capabilities. This includes expertise with the standard set of 
analytic tools in the field as well as a successful record of working with diverse 
groups of people from a variety of backgrounds—from agency technical experts 
to laypeople. 

• Facilitation skills. Any value-based discussion that includes balancing competing 
interests across parties requires a skilled facilitator at the front of the room to 
handle impassioned participants. Ideally, the same person will have both the 
“soft” people skills and the “hard” decision analysis skills, but often these sets of 
expertise need to be hired separately and their work efforts coordinated carefully.

• Stakeholder engagement skills. These include the ability to identify various interested 
and affected parties, to engage with them, and to find a way to satisfy the broad 
need for information sharing while addressing the narrower need to populate 
and run a number of smaller but more in-depth discussion sessions. There may 
be up to a dozen such sessions over the span of several years depending on the 
ultimate scope of the decision problem adopted.
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mately 25 decision participants discussed in Chapter 6. This group may be 
established to make the initial decisions regarding control of lake levels, but 
it may also be similar to the group that will make future decisions for the 
system as a whole. With input from other interested and affected parties, 
the lead will cast a wide net in seeking parties to participate in this earliest 
implementation of the decision framework. Box 6.2 provides guidance 
about determining who might be involved in what ways. 

With input from the newly convened group and its neutral support 
team consisting of those with appropriate technical, facilitation, stake-
holder engagement, and decision analysis skills, the lead should decide on 
the best means for applying the decision framework to the problem at hand 
(e.g., Spirit Lake), with consideration given to the priorities of all interested 
and affected parties (see Box 7.1); to hazards inherent in the system (see 
Chapter 4); and to an understanding of the system-wide consequences 
and operational risks of the various management alternatives considered 
(see Chapter 5). For these early considerations, the lead will need to com-
pare the relative urgency of the problem to the amount of time needed to 
understand potential solutions in deciding how best to apply the decision 
framework. It may be most informative, for example, to conduct workshops 
designed to elicit input from interested and affected parties. 

While this report has highlighted a number of information gaps, it is 
not envisaged that a large data collection effort is needed in advance of 
initiating the decision process. The experience of generating and compar-
ing alternatives and their consequences, highlighting value trade-offs, and 
interacting with interested and affected parties can be expected to refine 
and augment data needs. On the other hand, however, some data needs 
are fundamental to any planning process (e.g., monitoring data). These 
collection efforts should be started early enough so that the results are 
available when needed.

Estimating Cost

Planning management actions using any planning protocol has a cost; 
therefore, early in the process some idea of planning cost will need to be 
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considered. Costs of technical analyses represent one type of estimating 
problem, while costs of managing a participatory process are another. Cal-
culating cost if the entire effort can be performed “in-house” is different 
from calculating cost when contractors are used for some or all activities. 
Combined with the lack of advance knowledge of the exact structure of 
the planning effort and its scope, these factors argue against an attempt to 
develop a budget based on a detailed cost estimate of the planning process.

Alternatively, one could investigate the cost of comparable planning 
activities: ideally, those that have used PrOACT-like processes, or at least 
analytical-deliberative approaches. Still, it is difficult to find directly com-
parable applications. The Spirit Lake and Toutle River system is similar to 
the applications of PrOACT-like processes described in Chapter 6 in that 
there are multiple agencies with overlapping jurisdictions; other interested 
and affected parties with lesser decision-making influence; large, but per-
haps not completely defined, geographic boundaries for the problem; and 
multiple ways of defining the scope of the problem needing to be addressed. 
But the Spirit Lake and Toutle River system is notable for the number 
and extreme magnitude of the natural hazards as well as for the potential 
diversity of capital works as solutions to the decision problem. These are 
important distinctions even without considering which efforts have been 
performed in-house or with contractors. 

An approach that might be taken to develop budget estimates for a 
Spirit Lake and Toutle River application is to assume programming on 
a level-of-effort basis—that is, budget estimates will be made for the activi-
ties expected for the first year to get the initial level of effort. That budgeted 
effort may then be adjusted from year to year as the work progresses.

IMPLEMENTING THE FRAMEWORK

This report has noted that long-term management of the regional sys-
tem encompasses a complex set of interrelated issues over time, for which 
there may be no single “best” solution and about which no single entity 
has the authority to make decisions. The USFS and the U.S. Army Corps 
of Engineers have jurisdiction over parts of the system, while tribal, state, 
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and local entities have their own authorities, and the private sector and 
public at large also have a stake in decisions made in the broader region. 
Safety, ecological, cultural, and quality-of-life issues for current and future 
residents are among the important factors. 

Several caveats are needed at the outset of the decision process. First, 
it will be necessary to identify funding as soon as possible to initiate 
 decision-making activities. The most pressing issues will require fund-
ing more immediately, and continued funding will be needed to support 
 longer-term decision making associated with system management. De-
tailed discussion of levels and sources of funding, however, is beyond the 
scope of this report. Second, as indicated throughout the report, a number 
of data needs must be addressed, and doing so should begin as soon as pos-
sible if the viability of long-term management strategies is to be analyzed in 
the near future. Third, it is likely that some type of interagency agreement 
will be needed to overcome what the committee sees as policy impasses 
regarding system management. An interagency agreement will help ensure 
continued active participation of relevant agencies going forward. 

The dispersion of decision authority in the region is a fundamental 
challenge to implementing the recommended decision framework. Given 
the lack of an explicit governance structure for management of Spirit 
Lake and the Toutle River basin as a system, no single federal agency has 
the budget, authority, or capability to lead a system-wide planning and 
 decision-making process as described. Similarly, no single agency can be 
solely responsible for implementing any of the preferred system-wide man-
agement alternatives. Some coordinating mechanism is needed among re-
sponsible agencies to identify management strategies that allow agencies to 
effectively carry out their respective missions and to engage with the con-
cerns of other interested and affected parties in the region. Without some 
sort of long-term external influence to encourage and compel the needed 
coordination, individual agencies may not be able to manage the system in 
a coordinated manner. Thus, the committee recommends the creation of a 
system-level entity or consortium to lead the effort. This entity would be 
responsible for managing a collaborative, multiagency, multi-jurisdictional 
process than can plan, design a program, create incentives, and seek funding 
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to implement management solutions. The planning effort should also be 
open and accountable to all interested and affected parties. Such a body 
might inform and influence existing authorities and political leaders of 
the need to fund, coordinate, and develop system-wide risk management 
programs and plans, and then be responsible for regularly reporting about 
management decisions and the decision-making process to all interested 
and affected parties and members of Congress. 

Establishing such an entity requires resources and authority beyond that 
held by any existing agency with management responsibility in the region. 
Authority for such an entity would likely have to come from Congress. 
Lack of such an entity, however, does not preclude the implementation 
of the decision framework recommended in this report. With or without 
such an entity, those with decision-making authority may still apply the 
principles of collaborative engagement to inform an analytic-deliberative 
process. 
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Biographical Sketches 
of Committee 
Members

Gregory B. Baecher (NAE) is the Glenn L. Martin Institute Professor of 
Engineering in the Department of Civil and Environmental Engineering 
at the University of Maryland, College Park. His primary area of exper-
tise is in infrastructure protection with particular concern to waterways. 
His research also focuses on geoenvironmental engineering, reliability and 
risk analysis, and environmental history. Dr. Baecher has served on vari-
ous National Research Council committees, including the Committee on 
Water Security Planning for the Environmental Protection Agency and 
the Committee on Science and Technology for Countering Terrorism. He 
is a past member of the Water Science and Technology Board. He was 
elected to the National Academy of Engineering in 2006. He received his 
B.S. in civil engineering from the University of California and his M.S. 
and Ph.D. degrees in civil engineering from the Massachusetts Institute 
of Technology.

John Boland is an engineer and economist and is professor emeritus in the 
Department of Geography and Environmental Engineering at Johns Hop-
kins University. His fields of research include water and energy resources, 
environmental economics, benefit-cost analysis, and public utility manage-
ment. Dr. Boland has studied resource problems in more than 20 countries, 
has published more than 200 papers and reports, and is a coauthor of two 
books on water demand management and three more on environmental 

http://www.nap.edu/24874


A Decision Framework for Managing the Spirit Lake and Toutle River System at Mount St. Helens

Copyright National Academy of Sciences. All rights reserved.

298

A P P E N D I X  A

management. He has served on several National Academies of Sciences, 
Engineering, and Medicine committees and is a founding member and past 
chair of the Water Science and Technology Board. Dr. Boland received 
his B.S. in electrical engineering from Gannon University, his M.S. in 
governmental administration from The George Washington University, 
and his Ph.D. in environmental economics from Johns Hopkins University.

Thomas Dunne (NAS) is a professor of geomorphology and hydrology 
at the Bren School of Environmental Science and Management at the 
University of California, Santa Barbara. He conducts field and theoretical 
research in fluvial geomorphology and in the application of hydrology, 
sediment transport, and geomorphology to landscape management and 
hazard analysis. He has worked in many parts of the world, including 
Kenya, where he studied the effects of land use on hill-slope erosion and 
river-basin sedimentation and how climate and hydrology affect long-
term hill-slope evolution. At the University of Washington, he focused 
on land sliding and debris flows as well as tephra erosion and debris-flow 
sedimentation resulting from the eruption of Mount St. Helens. The re-
source management issues he studied in the Pacific Northwest include 
the impacts of gravel harvesting on river channels and floodplains and the 
impacts of timber harvesting on erosion and sedimentation. Since joining 
the Bren School in 1996, Dr. Dunne has studied erosion in the Andes 
and  hydrology, sediment transport, and floodplain sedimentation in the 
Amazon River basin of Brazil and Bolivia and in the Central Valley of 
California. He earned a B.A. in geography from Cambridge University 
and a Ph.D. in geography from Johns Hopkins University.

Youssef Hashash is the William J. and Elaine F. Hall Professor of 
Civil and Environmental Engineering at the University of Illinois at 
 Urbana-Champaign. After receiving his undergraduate and graduate 
 degrees, he worked in Dallas, Texas, and San Francisco, California, on 
a number of underground construction projects in the United States 
and Canada. Dr. Hashash joined the faculty of the Department of Civil 
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and Environmental Engineering at the University of Illinois at Urbana- 
Champaign in 1998. He has taught courses in geotechnical engineering, 
numerical modeling in geomechanics, geotechnical earthquake engineer-
ing, tunneling in soil and rock, and excavation support systems. His research 
focus includes deep excavations in urban areas, earthquake  engineering, 
continuum and discrete element modeling, and soil-structure interaction. 
He also works on geotechnical engineering applications of visualization, 
augmented reality, imaging, and drone technologies. He has published 
more than 200 articles and is coinventor on four patents. His research 
group developed the software program DEEPSOIL that is used world-
wide for evaluation of soil response to earthquake shaking. He received his 
B.S., M.S., and Ph.D. degrees in civil engineering from the Massachusetts 
Institute of Technology.

John Kupfer is professor and chair in the Department of Geography and 
senior associate faculty in the Environment and Sustainability Program at 
the University of South Carolina, Columbia. As a landscape ecologist and 
biogeographer, he conducts research that couples fieldwork with spatial 
analysis and modeling using geographic information systems to explore 
the interactive effects of landscape transformation, nonnative species, and 
disturbances such as flooding, fire, and hurricanes on plant and animal 
communities. His broad research on ecosystem types includes montane 
conifer forests in Idaho and Arizona; ecological transition zones in north-
ern California; coupled human-natural systems in Central America; and 
 riparian systems in the Midwest, Southeast, and Southwest. He has pub-
lished more than 60 papers, chapters, and reports in a diverse range of out-
lets, among them top journals in geography, biogeography, geo morphology, 
and  ecology. His research often has direct applications to ecosystem man-
agement, and he works regularly with scientists at Congaree National Park 
where he has aided their understanding of the interactions among flood-
ing, sedimentation, and floodplain forests. Dr. Kupfer earned his B.A. in 
geography/biology from Valparaiso University and his M.A. and Ph.D. 
in geography from the University of Iowa.
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Ning Lu is a geotechnical engineer and hydrologist with 25 years of ex-
perience in industry consulting, government research, and academia. He 
is presently a professor at the Colorado School of Mines, Golden, where 
his research focuses on the coupling between hydrological and mechanical 
processes in both natural and engineered environments such as hillslopes, 
embankments, and levees. These coupled processes play vital roles in the 
occurrence of such natural and man-made geologic hazards as rainfall- 
induced landslides and the instability of earth dams and sediments. He is 
the senior author of two widely used textbooks: Unsaturated Soil Mechanics 
and Hillslope Hydrology and Stability. Dr. Lu earned his B.S. in geotechnical 
engineering from the Wuhan University of Technology and his M.S. and 
Ph.D. in civil engineering from Johns Hopkins University.

Basil Stumborg is BC Hydro’s decision analysis expert in energy planning 
and economic development (finance). He joined BC Hydro in 2000 and 
has worked on a number of projects across the company assisting BC 
 Hydro in structuring its decision processes where decisions are complex 
and outcomes are uncertain. In particular, Mr. Stumborg helped structure 
and implement the water use planning program that rebalanced competing 
interests at Hydro’s dams; the processes for long-term provincial energy 
planning; and BC Hydro’s Business Case Requirements and litigation 
strategies. Most recently, he is supporting British Columbia’s efforts in 
reviewing the Columbia River Treaty. Mr. Stumborg created and hosts 
BC Hydro’s internal training on structured decision making to assist staff 
in implementing the business case requirements for complex projects and 
process changes. Before joining BC Hydro, Mr. Stumborg did graduate 
work in economics at the University of Wisconsin–Madison and McGill 
University, and psychology at Cornell University. He taught at the Univer-
sity of Victoria and consulted in the private and public sectors. The core 
focus of all his activities has been decision making under uncertainty and 
multiple-objective decision analysis—a discipline now known as behavioral 
economics. He received his B.A. in political science and M.A. in economics 
from McGill University.
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Kathleen Tierney is a professor of sociology and director of the Natural 
Hazards Research and Applications Information Center at the University 
of Colorado Boulder. The Hazards Center is housed in the Institute of 
Behavioral Science, where she holds a joint appointment. Dr. Tierney’s 
research focuses on the social dimensions of hazards and disasters, in-
cluding natural, technological, and human-induced extreme events. With 
collaborators Michael Lindell and Ronald Perry, she published Facing the 
Unexpected: Disaster Preparedness and Response in the United States. This 
influential compilation presents a wealth of information derived from the-
ory and research on disasters over 25 years. Among Dr. Tierney’s current 
and recent research projects are studies on the organizational response 
to the September 11, 2001, World Trade Center disaster, risk perception 
and risk communication, the use of new technologies in disaster manage-
ment, and the impacts of disasters on businesses. She received her B.A. in 
sociology from Youngstown State University and her M.S. and Ph.D. 
in sociology from The Ohio State University.

Desiree Tullos is an associate professor of water resources engineering 
at Oregon State University, Corvallis. Her research team investigates the 
interactions between river engineering and the physical and biological pro-
cesses of rivers. Projects focus on questions that range from the particle 
to basin scale with the emphasis on the sustainable management of water 
resources. Example projects include (a) physical and biological responses 
to river engineering, including dam removal and reintroducing large wood; 
(b) impacts of climate change and reservoir operations on flood risk re-
duction, water supply, hydropower generation, and environmental flows; 
(c) analysis of uncertainty in water resources; (d) effects of hydropower 
development in China and flood management in the Himalayas; (e) tur-
bulence and habitat of flow around vegetation and wood in rivers; and 
(f ) sustainable flood risk management and infrastructure. In addition, she 
currently serves on the Independent Scientific Review Panel for Bonneville 
Power Administration’s Northwest Power and Conservation Council and 
the board of directors for the Natural Heritage Institute. Her teaching 
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emphasizes design-based learning in her primary classes: river engineering, 
hydraulic engineering, and ecological engineering. She earned her B.S. in 
civil engineering from the University of Tennessee, Knoxville, and both 
her M.S. in civil engineering and her Ph.D. in biological engineering from 
North Carolina State University, Raleigh.

Greg A. Valentine was a member of the technical staff at the Los Alamos 
National Laboratory from 1987 to 2007. During this time, he conducted 
research on explosive volcanic processes, subsurface radionuclide transport, 
and basaltic volcanism. Dr. Valentine was group leader for the past 10 years 
of his tenure at Los Alamos, coordinating the research of 60-75 permanent 
technical staff members on a variety of topics related to environmental, 
energy, and defense-related problems. He was technical lead and manager 
for disruptive events (volcanism and earthquakes) on the Yucca Mountain 
Project, which focused on performance assessment of a permanent geo-
logical repository for high-level radioactive waste. Dr. Valentine joined the 
Department of Geology at the University at Buffalo, The State University 
of New York system, in 2008 where he teaches and conducts research in 
volcanology and natural hazards and directs the Center for Geohazards 
 Studies. Dr. Valentine has published more than 80 peer-reviewed papers 
and book chapters ranging from numerical modeling of eruption pro-
cesses to experiments on explosive volcanism and fundamental processes 
of volcanic fields. He initiated vhub.org, a major online cyberplatform for 
collaborative volcanology and currently leads a major National Science 
Foundation–funded, multi-institutional project that integrates geology, 
geophysics, social science, and statistics in order to improve resilience to 
persistent volcanic unrest. He earned his B.S. in geological engineering and 
geology at the New Mexico Institute of Mining and Technology and his 
Ph.D. in geological sciences at the University of California, Santa Barbara.
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Meeting Agendas

Committee on Long-Term Management of the  
Spirit Lake/Toutle River System in Southwest Washington
National Academies of Sciences, Engineering, and Medicine

Meeting 1, June 21-23, 2016

Red Lion Hotel Kelso-Longview
510 Kelso Drive

Kelso, Washington 98626

Day 1 – Tuesday, June 21, 2016

OPEN SESSION
8:45 a.m. – 4:30 p.m.

8:45 Welcome, introductions, overview of the Statement  
of Task

Gregory Baecher, NAE, Committee Chair

9:00 Presentations from U.S. Forest Service and staff of the 
Washington State Congressional Delegation

Gina Owens, USFS, Gifford Pinchot National Forest,  
Forest Supervisor

Tedd Huffman, Mount St. Helens National Monument,  
Monument Manager

Congressional Staff (TBD)
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9:50 Break

Historical overview, the federal perspective

Presentations and discussions:

10:00 Synopsis of the 1980 Eruption
Jon Major, USGS

10:30 Hydrologic and Geomorphic Perspectives:  
Useful for Understanding the Spirit Lake/Toutle  
River Issues

Gordon Grant, USFS

11:00 Geomorphic Response to the Eruption
Jon Major, USGS

Working lunch will be served at or around 12 noon (Plenary and small group 
discussions)

1:00 Implementation of Projects to Manage Water  
and Sediment

Christine Budai, USACE

2:00 Break

2:15 Ecological Response to the Eruption
Charlie Crisafulli, USFS

3:00 Discussion of committee information needs

4:00 Open floor: Invitation for input from meeting 
participants

4:30 Adjourn open session
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Day 2 – Wednesday, June 22, 2016

FIELD TRIP
Spirit Lake/Toutle River Drive

8:00 a.m. – 7:30 p.m.

8:00 Kelso Red Lion – Personnel Pick-Up
 Safety briefing and overview of the itinerary by  

USFS staff

8:30 Depart for Castle Lake Viewpoint
 Pat Pringle, Centralia College, provides interpretive 

overview of 1980 eruption, resulting mudflow,  
and flooding

9:15 Castle Lake Viewpoint 
 Welcome to the Gifford Pinchot National Forest & 

landscape overview
 Gina Owens, Forest Supervisor, and Tedd Huffman, 

Monument Manager

9:45 Depart for Johnston Ridge Observatory ( JRO)

10:00  Johnston Ridge Observatory Amphitheater

 Break

10:45 15 min talks with additional time in between for  
questions & discussion

 Hydrological considerations ( Jon Major, USGS), 15 mins
 Protection works and the built environment  

(Chris Budai, USACE), 15 mins
 Natural environment (Charlie Crisafulli, USFS PNW 

Res Stn), 15 mins
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 FS management of [a] tunnel in a National Volcanic 
Monument (Tedd Huffman), 15 mins

12:15 Depart JRO

12:30 Spirit Lake Tunnel Outlet 
 Chris Strebig, USFS, and Chris Budai, USACE

12:45 Depart Tunnel Outlet

1:00 Hummocks Trail
 Pat Pringle, Centralia College, and Charlie Crisafulli 

and Peter Frenzen

2:15 Depart Hummocks Trail

2:30 Coldwater Lake Recreation site (bathrooms), discuss 
engineered outlet

3:00 Depart for Sediment Retention Structure

3:45 Sediment Retention Structure (SRS)
 Jon Major, USGS, and Chris Budai and Paul Sclafani, 

USACE

5:00 Depart Sediment Retention Structure

5:45 Coweeman Levee
 Chris Budai and Paul Sclafani, USACE

6:15 Coweeman Levee

6:30 Arrive at Red Lion Inn
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Committee on Long-Term Management of the  
Spirit Lake/Toutle River System in Southwest Washington
National Academies of Sciences, Engineering, and Medicine

Meeting 2, August 3-5, 2016

Red Lion Hotel Kelso-Longview
510 Kelso Drive

Kelso, Washington 98626

Day 1 – Wednesday, August 3, 2016

OPEN SESSION
9:00 a.m. – 5:30 p.m.

9:00  Welcome and introductions and plan for the day
Greg Baecher, NAE, Committee Chair

9:15 Summary of Statement of Task and setting the stage
Sammantha Magsino, Academies Staff

9:20 Introduction by the USFS study sponsor
Jim Peña, Regional Forester, USFS

9:30 Decision support frameworks—how a framework  
might look
Basil Stumborg and John Boland, Committee Members

10:00 Break
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Panel Discussions (with parties interested and affected by 
management of Spirit Lake and the Toutle River): Concerns and 
Priorities for Management

10:15 Panel #1 – regional and local
 Moderator: Basil Stumborg
 • Joe Gardner, Cowlitz County Board of Commissioners
 • Ashley Helenberg, Port of Longview
 •  Ernie Schnabler, Cowlitz County Emergency 

Management
 • Greg Drew, Drew’s Grocery, Toutle

12:00-1:00 Lunch

1:00 Panel #2 –Non-profit
 Moderator: Kathleen Tierney
 • TBD, Gifford Pinchot Task Force
 • Gene Crocker, Cowlitz Game and Anglers Club
 • Ray Yurkewycz, Mount St. Helens Institute
 • Claudia Hunter, Toutle Valley Community Association

2:45 Break

3:00 Stakeholder Panel #3 – State, tribal, and land 
management

 Moderator: John Kupfer
 •  Nathan Reynolds, Natural Resources Department, 

Cowlitz Nation
 •  Steve Ogden, Pacific-Cascade Region, WA 

Department of Natural Resources
 •  Dave Howe, Regional Habitat Program, WA 

Department of Fish and Wildlife
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OPEN SESSION – TOWN HALL MEETING
6:30 p.m. – 9:00 p.m.

Light refreshments served

6:30 Introduction and welcome
Greg Baecher and Sammantha Magsino

6:40 The Academies – An Introduction
Sammantha Magsino

6:45 Open comment period – Sign-up required
 **Signup is required and comment time is limited to 3 

minutes. Total number of speakers limited to approxi-
mately 50.

Day 2 – Thursday, August 4, 2016

OPEN SESSION
8:30 a.m. – 1:45 p.m.

8:30 Welcome and introductions and plan for the day
Greg Baecher, NAE, Committee Chair

8:45 Summary of Statement of Task
Sammantha Magsino, Academies Staff

8:50 Panel Discussion: Spirit Lake Outlet Risk Assessment

 Each of the panelists will make a 10-minute 
presentation describing the most important lessons 
learned from years of monitoring and infrastructure 
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management and will highlight from these experiences 
those issues that need the most attention moving 
forward.

General overview of PFMA process,  
Jeremy Britton, USACE

PFMA Specifics/Details, David Scofield, USACE
PFMA Hydrology, Angela Duren, USACE
Tunnel Hydraulic Design, Sean Askelson, USACE

9:50 Questions and answers with the panelists

10:05 Break

10:20  Panel Discussion: Mount St. Helens Long-Term  
Sediment Management

General Overview, Tim Kuhn, USACE
Long-Term Sediment Management Study Details, 

Paul Sclafani, USACE
Long-Term Sediment Management Geotechnical 

Details, Jeremy Britton, USACE

11:20 Questions and answers with the panelists

12:15-1:45 Working Lunch
 Discussion with all: Consequences associated with the 

various alternatives
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Committee on Long-Term Management of the  
Spirit Lake/Toutle River System in Southwest Washington
National Academies of Sciences, Engineering, and Medicine

Meeting 3, October 31-November 2, 2016

Cowlitz Regional Conference Center, Cowlitz & Columbia Room
1900 7th Avenue, Longview, Washington

Monday, October 31, 2016

OPEN SESSION
10:15 a.m. – 2:45 p.m.

10:15 Welcome, introductions and plan for the day
Greg Baecher, NAE, Committee Chair

10:25 Summary of Statement of Task
Sammantha Magsino, Academies Staff

10:35 Questions and answers regarding recently released 
document

Gordon Grant, USFS
Jon Major, USGS

11:45-12:45 Working Lunch—small group discussions

12:45 Follow-up questions with USACE
Jeremy Britton, USACE
David Scofield, USACE
Angela Duren, USACE
Sean Askelson, USACE
Paul Sclafani, USACE
Jeremy Britton, USACE
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1:45 Discussion with USFS study sponsors—expectations from 
report given 

 Information gathered during all open sessions

2:15  Public comment period (2-minute limit)

2:45 Adjourn open session
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Board Rosters1

Board on Earth Sciences and Resources

GENE WHITNEY, Chair, Congressional Research Service (retired), 
Washington, DC

R. LYNDON (LYN) ARSCOTT, International Association of Oil & 
Gas Producers (retired), Danville, California

CHRISTOPHER (SCOTT) CAMERON, GeoLogical Consulting, 
LLC, Houston, Texas

RODNEY C. EWING, NAE, Freeman Spogli Institute for 
International Studies and Stanford University, Stanford, California

CAROL P. HARDEN, The University of Tennessee, Knoxville
T. MARK HARRISON, University of California, Los Angeles
THORNE LAY, NAS, University of California, Santa Cruz
ANN S. MAEST, Buka Environmental, Boulder, Colorado
ZELMA MAINE-JACKSON, Washington State Department of 

Ecology, Nuclear Waste Program, Richland, Washington
MARTIN W. McCANN, Jack R. Benjamin and Associates and 

Stanford University, Menlo Park, California
JAMES M. ROBERTSON, Wisconsin Geological and Natural History 

Survey, Madison
JAMES SLUTZ, National Petroleum Council, Washington, DC
SHAOWEN WANG, University of Illinois at Urbana-Champaign

1 The boards serve as oversight and liaisons to the ad hoc study committee.
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National Academies of Sciences, Engineering, and Medicine Staff

ELIZABETH A. EIDE, Senior Board Director
ANNE M. LINN, Scholar
DEBORAH GLICKSON, Senior Program Officer
SAMMANTHA L. MAGSINO, Senior Program Officer
NICHOLAS D. ROGERS, Financial and Research Associate
COURTNEY R. GIBBS, Administrative Coordinator
YASMIN ROMITTI, Research Associate
ERIC J. EDKIN, Senior Program Assistant
RAYMOND M. CHAPPETTA, Senior Program Assistant
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Board on Environmental Change and Society

RICHARD H. MOSS, Chair, Joint Global Change Research Institute, 
Pacific Northwest National Laboratory, University of Maryland, 
College Park

JOSEPH ARVAI, University of Michigan, Ann Arbor
F. STUART CHAPIN, III, NAS, University of Alaska-Fairbanks 
RUTH DEFRIES, NAS, Columbia University, New York
HALLIE C. EAKIN, Arizona State University, Tempe
LORI M. HUNTER, University of Colorado Boulder
KATHERINE JACOBS, University of Arizona, Tucson
MICHAEL ANTHONY MENDEZ, Yale University, New Haven, 

Connecticut
RICHARD NEWELL, Resources for the Future, Washington, DC
MARY D. NICHOLS, California Air Resources Board, Sacramento
JONATHAN OVERPECK, University of Arizona, Tucson
ASEEM PRAKASH, University of Washington, Seattle
J. TIMMONS ROBERTS, Brown University, Providence, Rhode Island
MAXINE L. SAVITZ, NAE, Honeywell Inc. (retired), Los Angeles, 

California
MICHAEL P. VANDENBERGH, Vanderbilt University, Nashville, 

Tennessee 
JALONNE WHITE-NEWSOME, The Kresge Foundation, Troy, 

Michigan
ROBIN S. WILSON, The Ohio State University, Columbus

National Academies of Sciences, Engineering, and Medicine Staff

TOBY WARDEN, Interim Director
JENNIFER A. HEIMBERG, Senior Program Officer
HEATHER KREIDLER, Associate Program Officer
TINA M. LATIMER, Program Coordinator
MARY GHITELMAN, Senior Program Assistant
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Water Science and Technology Board

CATHERINE L. KLING, NAS, Chair, Iowa State University, Ames
DAVID A. DZOMBAK, NAE, Carnegie Mellon University, 

Pittsburgh, Pennsylvania
WENDY D. GRAHAM, University of Florida, Gainesville
ARTURO A. KELLER, University of California, Santa Barbara
MARK W. LECHEVALLIER, American Water Corporation, 

Voorhees, New Jersey
DINAH LOUDA, Veolia Institute, Paris, France
MARGARET A. PALMER, University of Maryland, College Park
STEPHEN POLASKY, NAS, University of Minnesota, St. Paul
DAVID L. SEDLAK, NAE, University of California, Berkeley
DAVID WEGNER, U.S. House of Representatives (retired)
P. KAY WHITLOCK, Christopher B. Burke Engineering, Ltd., 

Rosemont, Illinois
JAMES W. ZIGLAR, SR., Van Ness Feldman, Washington, DC

National Academies of Sciences, Engineering, and Medicine Staff

ELIZABETH A. EIDE, Senior Board Director
LAURA EHLERS, Senior Program Officer
STEPHANIE JOHNSON, Senior Program Officer
JEANNE AQUILINO, Financial and Administrative Associate
COURTNEY R. GIBBS, Administrative Coordinator
BRENDAN MCGOVERN, Research Assistant
CARLY BRODY, Senior Program Assistant
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Committee on Geological and Geotechnical Engineering

MARTIN W. McCANN, Jack R. Benjamin and Associates and 
Stanford University, Menlo Park, California

SHOBHA BHATIA, Syracuse University, New York
JONATHAN D. BRAY, University of California, Berkeley
DEREK ELSWORTH, NAE, The Pennsylvania State University, 

University Park
JAMES K. MITCHELL, NAS/NAE, Virginia Polytechnic Institute 

and State University, Blacksburg
MATTHEW PIERCE, Pierce Engineering and Itasca Consulting 

Group, Inc., Minneapolis, Minnesota

National Academies of Sciences, Engineering, and Medicine Staff

SAMMANTHA L. MAGSINO, Senior Program Officer
RAYMOND M. CHAPPETTA, Senior Program Assistant
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Congressional 
Request Letter
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