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CHAPTER I - BACKGROUND

AUTHORITY

The eruption of Mount St. Helens, which began in the spring of 1980, resulted
in the movement of sediment creating a threat of flooding and navigation
disruption in southwestern Washington. President Reagan recognized that the
Federal Government was spending millions of dollars for emergency action and
would continue responding to any emergency which threatened life and property.
Thus he requested, through a Memorandum to the Secretary of Defense, that the
Corps of Engineers prepare alternative strategies for handling the projected
movement of sediment. The strategies were to address the continuing problems
of flood hazards and potential disruptions to navigation based upon engineering

feasibllity, economic merit and environmental sensitivity.

The report, "A Comprehensive Plan for Responding to the Long-term Threat
Created by the Eruption of Mount St. Helens, Washington,” was forwarded to the
President in November 1983. The plan evaluated five alternative strategies

for sediment control and analyzed six alternative outlets for stabilizing the
level of Spirit Lake. In transmitting the Cowmprehensive Plan report, the
Assistant Secretary of the Army recommended finding a permanent solution to the
sediment control problem that could be forwarded for congressional authoriza-
tion and funding. This report responds to that recommendation. Key elements
of the Comprehensive Plan are summarized later in this document. Further
refinement of the plan presented in this report will occur during the Continued
Planning and Engineering (CP&E). In addition, analysis and design of other

alternatives will continue.

STUDY AREA

The study area encompasses 1,200 square miles (sq. mi.) in southwest
Washington, reaching north from the Columbia River to the headwaters of the
Toutle River at Mount St. Helens. A vicinity map and a more detailed map of

the study area are shown in figures I-1 and I-2, respectively.
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Figure I-1. Vicinity Map

The Columbia River flows east to west through a broad trough between the
Cascade and Coast mountain ranges. It provides the navigation channel for
vessels enroute from the Pacific Ocean to the deep-draft Ports of Vancouver,
Washington, and Portland, Oregon. The reach affected by sediment accumulation
lies between river miles (RM) 60 and 72. Lands along both shores, Oregon on
the south, Washington on the north, consist of a narrow valley bottom adjacent

to low hills. Several small, low-lying islands are located in the river
through this reach.

The Cowlitz River and its principal tributary, the Toutle, are typical of
rivers draining the west slopes of the Cascade Range. The terrain is

mountainous and, except for clearcuts and areas devastated by the 1980
eruption, heavily forested.

The Cowlitz River drains an area of 2,840 sq. mi., including the Toutle River
drainage area. Below its confluence with the Toutle, the lower 20 miles of the
Cowlitz passes by the towns of Castle Rock, Lexington, Kelso, and Longview,
Washington, before entering the Columbia River .at BM 68.7.
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The major tributaries of the Toutle River drain 432 sq. mi. The South Fork
Toutle drains 129 sq. mi. and the North Fork Toutle, 303 sq. mi., including 131
sq. mi., from the Green River. In addition, the lower Toutle drains 80 sq. mi.
for a total drainage area of 512 sq. mi. North and South Fork Toutle Rivers
have their headwaters on the slopes of Mount St. Helens and carry runoff and
sediment westward to the Cowlitz River. The North Fork Toutle River Basin
includes three lakes, South Castle, Coldwater, and Spirit.
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? National
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Figure I-2. Study Area for Feasibility Study
The area affected by potential flooding varies from bottom land along the
Cowlitz to uplands at the base of the mountains of the Cascade Range. Indus-

trial riverfront and urbanized property lie adjacent to both the Columbia River
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and the downstream reaches of the Cowlitz River. Further up the Cowlitz, -
ad jacent property contains less population, changing from urban to agricultural

land use. The upper portion of the Toutle River Basin, except the volcanic and
mudflow areas, is managed forestland.

STUDY SCOPE

This analysis addresses onlylthe permanent solution to potential flooding on
the Cowlitz River and disruption of navigation on the Columbia River caused by
sediment buildup. A Decision Document (February 1984) dealt with the potential
flooding due to a failure of the debris embankment at Spirit Lake. The solu-
tion to the Spirit Lake problem, a tunnel to North Fork Toutle River, currently
is under construction. The present report also identifies the National
Economic Development (NED) plan and its methodology, describes the preferred
plan, includes an environmental impact statement, provides a possible cost-
sharing formula, and recommends procedures for implementing the long-term
solution to the sediment problen.

This report utilizes the formulation process developed in the Comprehensive
Plan (see appendix A). It also contains the sensitivity analysis presented in
the Plan (see appendix B) which shows the single retention structure as the
least costly solution to the sediment problem. The revised sediment pro-~
jections discussed in this report fall partly within and partly below the
ranges of total sediment volume and annual sediment rates presented in
Comprehensive Plan. This is due to our findings of reduced observed erosion.
In the Comprehensive Plan, a total sediment range of 400 mcy to 2 bcy was
discussed; in the Feasibility Report a range of 325 méyito 975 is discussed.
In the Comprehensive Plan, an annual range of 30 mcy tb 70 mcy was discussed;
in the Feasibility Report, various ranges were disc@ééed and an initial annual
rate of 28 mcy was chosen. A discussion of the imﬁaéts of the new sediment
budget on the sensitivity analysis contained in the Comprehensive Plan follows
in Chapter II.

In developing a permanent solution to the sediment problem, it became necessary
to incorporate new information developed since completion of the Comprehensive
Plan. These new data revised the projections on sediment movement and deposi-
tion. The major problems remain the increase in potential flooding to
communities along the Cowlitz River, potential impacts due to interruption of
the transportation corridor crossing the Toutle River, and potential disruption
of navigation on the Columbia River.



This report also describes a base condition, which incorporates the interim
Cowlitz dredging authorized by Public Law (PL) 98-63 (the Supplemental
Appropriations Act of 1983), and analyzes its benefits and costs as a part of
the economic study necessary to develop the NED plan. These changes will cover
only additional data on sediment delivery, future studies of whether comnstruc-
tion should occur in stages and comparative analysis of risks, benefits and
costs; the overall plan 1s not expected to change during CP&E. This study has
been conducted in complianée with the Water Resource Council's Economic and
Environmental Principles and Guidelines for Water and Related Land Resources

Implementation Studies.

To further define the problems, investigation focused on updating Comprehensive
Plan estimates for the amount and rate of sediment expected to erode and move
through the system over a 50-year period. Study of the lower 20 miles of the
Cowlitz River concentrated on the danger of flooding from continued sediment
accumulation. In addition to damaging private, State, and industrial property,
flooding could disrupt highway traffic on Interstate 5 (I-5) and rail traffic
on the Burlington-Northern Railway line. Thus, the study of the lower Cowlitz
assessed water elevations and economic loss from flooding and established
impacts of proposed alternative measures to reduce those losses. Social and
environmental effects of the alternative measures were also given careful
consideration. The portion of the study dealing with the Columbia River,
downstream from the mouth of the Cowlitz, focused on the effects of these
alternative measures on navigation channel maintenance and on impacts to fish
and wildlife for all affected areas.

STUDY LIMITATIONS
Overall, the study observed the limits defined in the Comprehensive Plan.
First, it assumed that pre-eruption conditions were unlikely to be restored

within the 50-year project life. Rather, alternatives were measured against

the most probable future conditioms.
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Second, it assumed that another eruption of the magnitude -and devastation of
18 May 1980 will not occur. This assumption was necessary, for a major erup-
tion would necessitate a new study of the drastically changed conditions.
Comprehensive studies of Mount St. Helens and other volcanic eruptions, both
recent and in the geologic past, have established trends useful for predicting
future eruptions and volcanic hazards. For example, based on the efuptive
history of Mount St. Helens. Crandell and Mullineaux (1978) sssessed Mount St.
Helens as having a high probability of erupting within this century. Once a
major volcanic sequence has been initiated, the sequence can last for several
decades. Volcanic eruptions tend to be most frequent, volatile, and poten-
tially dangerous during the initial phases of the volcanic sequences. The 1980
eruption diminished the chance of any future devastating debris avalanche into
the North Fork Toutle River because a large portion of the mountain no longer
exists. Thus, planning proceeded based on an assumption of no reoccurrence of
a large event like that of 18 May 1980. However, because of the great uncer-
tainties associated with future volcanic activity as well as potential mud-
flows, the study tests the preferred plan against the eventuality of such
events to assure that the plan would not increase the hazards to downstream

communities.

Traditional approaches used to forecast sediment movement had to be modified.
Models used to simulate a river system's behavior over time would simply not
accommodate studying the amount of sediment moving through the system or the
changes in river hydraulics it produces. With these constraints on methodology
and data, the study limited computer modeling of the river system to the lower
20 miles of the Cowlitz River and to the Columbia River at the mouth of the
Cowlitz, where the effects of sediment deposition remain most critical.

Initially, the study assumed that the without-project condition would be
defined as no—action. With passage of PL 98-63 on 30 July 1983, which auth-
orized interim flood protection for developed portions of the Cowlitz River

flood plain, a no-action condition became unrealistic.



SUMMARY OF COMPREHENSIVE PLAN

This section summarizes the Comprehensive Plan which included a sensitivity
analysis of the final alternative measures relative to different sediment rates
and total quantities. It describes the emergency action accomplishments, the
original problem statement, and alternative management strategies for dealing
with the problems of sedimentation and Spirit Lake. This material provides the
background for understanding the revised problem statement necessitated by the
new sediment estimates and its effect on the sensitivity study presented in the
Comprehensive Plan, Locations and sites associated with previous actions are

indicated on figure I-3.
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Figure I-3. Study Site Locations
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Accomplishments Under Emergency Actions

Immediately after the 18 May 1980 eruption, the Corps of Engineers initiated
emergency actions under PL 84-99 to reduce the flood potential at communities
along the Cowlitz River and to restore the Columbia River navigation channel.
From that time to the present, the Corps and other Federal, State, and local
agencies have been intensively involved in emergency activities on the Toutle
and Cowlitz Rivers to insure the safety of communities and the 50,000 people
located along the Cowlitz. Through fiscal year 1983, Mount St. Helens related
emergency activities by the Corps total $327 million, demonstrating the Federal
Government's commitment to minimizing damage and property losses in those areas
adversely affected by the extraordinary conditions created by the eruption.
These emergency activities included improvements and temporary raises to
levees, purchase of flood control storage from Tacoma City Light Company,
construction of two debris retaining structures in the Toutle River Basin,
excavation of sediment stabilization basins in the lower Toutle River, dredging
the Columbia River construction of control outlets at Coldwater and South

Castle Lakes, and emergency pumping at Spirit Lake.

Photograph 2. Temporary Levee Along Cowlitz River
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Photograph 3.

Dredging at a Sediment Stabilization Basin

Photograph 4.

Post~eruption Dredging in Columbia River Navigation

I-9
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Problem Statement (Comprehensive Plan)

The 18 May 1980 eruption of Mount St. Helens created a massive landslide which
deposited more than 3 billion cubic yards (bcy) of material in the upper Toutle
River Basin. This avalanche, covering 32 square miles up to 600 feet deep, is

composed mainly of basalt and dacite material from the north side of Mount St.

Helens, overlain by blast material and veolcanic ash. During the eruption, the

avalanche blocked some tributary streams, creating new lakes with unstable

volcanic debris embankments in addition to blocking outlets to existing lakes.

Photograph 5. Mount’St. Helens and Spirit Lake after 1980 Eruption

The Comprehensive Plan suggested that without preventive measures the following
events would likely occur: (a) sedimentation in the Cowlitz River, causing
flooding; (b) sedimentation in the Columbia River, interrupting navigation;

(c) disruption of interstate highway and rail traffic; and (d) breakout of
Spirit Lake, causing catastrophic flooding.
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Flood Control and Navigation. Studies indicated that starting in 1980 an esti-
mated 1 bcy of material would erode from the avalanche by the year 2030. Of

this 1 bcy, approximately 50 million cubic yards (mcy) of sand, silt, and
gravel would erode each year from 7 to 10 years, assuming average water year
donations, with 30 mcy moving into the Cowlitz River system annually. Erosion
of the avalanche was projected to decline annually after 1990, Without pre-
ventive action, this material passing through and depositing in the Toutle,
Cowlitz, and Columbia Rivers would reduce the hydraulic, or flood-carrying
capacity of the Cowlitz River channel. This in turn, would cause severe flood
damages to the Cowlitz River communities and greatly increase annual dredging
costs in the Columbia River. The lower Cowlitz channel would be filled with
sediment by 1987; existing levees would no longer function effectively. The
towns of Kelso, Longview, Lexington, and Castle Rock would be devastated by the
resulting floods. The studies estimated damages by flooding to Castle Rock,
Lexington, Kelso, and Longview would total $1.9 billion (1982 dollars) for the
period 1983 to 1987, including damage to such major transportation arteries as
I-5 and Burlington-Northern Railway bridges. Federally subsidized flood
insurance coverage could total $900 million. While not anticipating a new
eruption of the 1980 magnitude, studies indicated that minor volcanic activity,
mudflows, a series of storms or rapid snowmelt would continue jeopardizing the

lives and property of the people in the flood plain.

By the year 2030, the Cowlitz-Toutle system would deposit an estimated 319 mcy
of sand in the Columbia River. That amounted to two times the 154 mcy needing
excavation from the Columbia River during the same period assuming average
years. Prior to the eruption, navigation maintenance costs averaged $4.4 mil-
lion per year. If no action were taken to control the movement of Cowlitz-
Toutle sediment, navigation maintenance costs could increase to about $25 mil-

lion annually.

Spirit Lake. In addition to the damages caused by continued sediment flow from
the debris avalanche, potentially disastrous floods would result if the embank-
ment impounding Spirit Lake failed. Worst-case studies completed by the U.S.
Geological Survey (USGS) indicated that a failure of this embankment would
create a mudflow totally destroying development in the Cowlitz Valley. With an
estimated peak flow of 2.6 million cubic feet per second (cfs), mudflow depths
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could reach 60 feet in the upper reaches of the Cowlir. River at Castle Rock
and 40 feet in the lower reaches at lLongview-Kelso. Studies estimated peak
flows entering the Columbia River at 1 million cfs.

Initially following the eruption, Spirit Lake had an elevation of approximately
3,462 feet with an impounded water volume of 278,000 acre-feet. Barge-mounted
pumps operated from 5 November 1982 to 31 July 1983, pumping water from Spirit
Lake to the North Fork Toutle River. Pumping resumed on 22 September 1983 and
continued through July 1984. Pumping again resumed on 2 October 1984. Without
pumping or failure of the debris embankment, the blockage would overtop in late
fall or early winter 1985-86. Estimated damages could reach $2.5 billion.

Alternative Management Strategies (Comprehensive Plan)

The Comprehensive Plan used two separate, but related, planning processes to
determine alternative management strategies for addressing the problems of
sedimentation downstream of Spirit Lake and maintenance of a safe water level

at Spirit Lake.

Sedimentation. The urgent need to protect communities along the Cowlitz River

and the inherent uncertainties associated with sediment predictions required a
flexible and rapidly implementable solution. Such a solution would also
resolve the deep—draft navigation channel problems in the Columbia River caused
by the sediment flow. Experience in emergency actions since the eruption
contributed to the selection and analysis of potential solutions. The
Comprehensive Plan analyzed 13 measures in formulating a plan to prevent flood
damages on the Cowlitz River and to reduce maintenance dredging costs on the
Columbia River.

Criteria used in screening the various alternatives focused on the effective-
ness of each in accomplishing the following major objectives: reducing flood
damages; reducing navigation maintenance costs; minimizing impacts on fish and
wildlife; and providing flexibility to allow for uncertainties in sediment
movement prediction. The preliminary screening produced five alternative

management strategies which warranted more detailed study. The following
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paragraphs briefly describe these strategies, with appendix A containing a more
thorough discussion of them.

Limited Permanent Evacuation. As the Cowlitz River filled with sediment .

threatened areas upstream of Kelso and Longview, including the communities of
Castle Rock and Lexington, would be evacuated and allowed to flood. Levees
near Longview and Kelso would be raised, as would major highway and railway
bridges. Dredging requirements in the Columbia River to maintain deep-draft
navigation would increase sixfold in cost to $25 million annually.

Sediment Stabilization Basins. Basins (sumps excavated in the riverbed) would

be located at three sites in the Toutle and North Fork Toutle Rivers; annual
dredging and off-site disposal would be required, both at the basins and down-
stream in the Columbia River.

Multiple Retention Structures with Dredging. Four earth- and rock-fill struc-

tures would be constructed concurrently across the main stem and North Fork
Toutle Rivers. The retention structures would be about 40 feet high, and would
trap most sediment except during high flows when material would pass over the
structures. Dredging and extensive off-site disposal would be required, both
at the structures and downstream in the Columbia River.

Multiple Retention Structures without Dredging. Structures 160 to 190 feet
high would be located at three sites on the Toutle River. The first structure

would be built downstream and the others added upstream as needed; the sediment
trapped would not be removed. Dredging on the Cowlitz and Columbia would still

be necessary to cope with material already in the system below the structures.

Single Retention Structure. A single, roller-compacted concrete, gravity dam

250 feet high would be constructed across the Toutle River at one of three
sites. The structure would prevent sediment from passing in all but extreme
flood conditions. It would rise in stages to the maximum of 250 feet; trapped
sediment would not be removed. Some additional measures such as dredging would
be required to keep material already in the river system below the structure

from reaching the Cowlitz and Columbia Rivers.
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Total Costs of Alternative Management Strategies

The total costs of the alternatives and the net present value of those costs
which would have accrued over the life of the project are shown in the follow-

ing table.
Table I-1
Total Costs of Alternative Management Strategies
" ($ millions)
Present
Present Value of
Value of  Average Benefi t-
Total Total Annual to~Cost
Management Strategies Cost Costs Costs Ratiol
1. Limited Permanent Evacuation $1,048.,1 $612.7 $49.4 2,68
2. Sediment Stabilization Basins 751.0 398.1 32.1 4.12
3. Multiple Retention Structures
with Dredging 1,153.3 685.6 55.2 2,40
4, Multiple Retention Structures
without Dredging 536.6 340.8 27.5 4,81
5. Single Retention Structure? 341.7 243,1 19.6 6.75

1. All plans provide cumulative average benefits of $132,300,000.

2. Used Green River site costs.

Sensitivity Analysis of Alternate Management Strategies

The Comprehensive Plan developed a sensitivity analysis which included changes
in both total sediment volume eroded and initial annual sediment delivery for
all five management strategies. The sensitivity analysis indicated the impact
of variations from the anticipated 1 bcy total sediment erosion and initial
annual erosion of 50 mcy. Total erosion varied from as little as 400 mcy to a
high of 2 bcy. Initial annual erosion ranged from 30 mcy to 70 mcy. The
analysis measured in dollars the sensitivity of the management strategies to

these variations (see appendix B).
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Each of the five management strategies possessed flexibility to respond to
changes in total sediment yield. Strategies 1, 2, and 3, which involved the
dredging and disposal of sediment, proved the most sensitive and varied the
most in cost. Strategies 4 and 5 were more stable because those structural
solutions did not require sediment handling. Ranges in cost for the five
strategies and the three total sediment yields are shown in table I-2. A
drastic reduction in the total sediment yield, from 1 bcy to 400 mcy would
result in strategy 2 being less expensive than strategy 5.

Table I-2
Alternative Management Strategies Cost Comparison
Total Sediment Yield

Management Total Sediment Yield (Cost $000)
Strategy 400 mcy 1 bey 2 bey
1 $527 $1,048 $2, 500+
2 218 751 2,000+
3 346 1,153 2,500+

4 311 537 670

5 275 342 442

The management strategies were relatively insensitive to changes in annual
sediment delivery. Within the range of 30 mcy to 70 mcy annual erosion, the
five strategies did not change in their relative ranking. Strategy 5 proved

far less expensive than any other strategy, as shown in table I-3.

Table I-3
Alternative Management Strategies Cost Comparison
Annual Sediment Yield

Management Annual Sediment Deliveries (Cost $000)
Strategy 30 mcy 50 mcy 70 mcy
1 $1,048 $1,048 $1,048

2 706 751 898

3 1,166 1,153 1,151

4 490 537 557

5 331 342 367
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In summary. strategy 5 (single retention structure) was the most cost effective
of the strategies, except in the extreme reduction of total sediment erosion.
In that situation, strategy 2 (sediment retention basins) was somewhat lower in

cost.

The sensitivity analysis results indicate that costs of management strategies
are relatively immune to variations in initial rates of erosion between 30 and
70 mcy/year. Additionally, the analysis shows that costs of strategies concen—
trating on dredging for sediment removal are sensitive to total sediment
volumes, while costs of strategies focusing on structural blockage of sediments

are relatively insensitive to total sediment volumes.

These sensitivities result from the fact that the Cowlitz and Toutle basins are
narrow valleys with large disposal sites at a premium. Once the inexpensive
disposal sites are used up, as now occurring, dredging costs rise greatly with
the additional hauling needed to reach more distant sites. The efficiency of
the structural strategies not needing large dredging efforts varies less over a

wide range of total sediment delivery.

Spirit Lake

A Decision Document, prepared in February 1984, evaluated the six alternatives
to solve the Spirit Lake problem and included concerns from agency and public

involvement.

The elevation of 3,440 feet NGVD was verified as the best level to lower Spirit
Lake, considering debris embankment stability and visual esthetics. The
Decision Document eliminated open channel and permanent pumping alternatives
because of potential risk and safety problems and lack of agency and public
support. Although tunnel alinement B; was rated high in safety, constructabil-
ity and public support, the interbasin transfer of water and potential water
quality impacts made this alternative unacceptable to the Governor of
Washington and various agencies. The remaining three alternatives - buried
conduit, and tunnel alinements F and G - were then compared and alinement F
recommended. Tunnel alinement F is now under construction with drawdown

scheduled to begin about 1 April 1985.
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CHAPTER II - UPDATED PLANNING CONSIDERATIONS

GENERAL

Following completion of the Comprehensive Plan, the U.S. Geological Survey
(USGS) and other sources supplied additional data which necessitated a reevalu-
ation of the sediment analysis. The Comprehensive Plan problem statement
discussed in the previous section was the direct consequence of 'the projected
sediment budget. Major revisions to the sediment budget necessitated
reanalysis of the problem statement. This section presents the changes to the
sediment budget, revises the problem statement based on those revisionmns,
compares the changes with the Comprehensive Plan sediment budget, describes a
base condition from which all alternatives are measured, and estimates impacts
on the sensitivities given in the Comprehensive Plan.

The problem statement contained in the Comprehensive Plan is based on a no-
action condition which is not considered realistic. This section defines a
base condition which reflects the Federal Government's commitment to providing
protection for communities on the Cowlitz River, including activities already
undertaken as a result of PL 98-63. However, actions associated with the base
condition must themselves be justified against the no-action condition. There-
fore, the following discussion of the no—action condition is to serve only as
an economic comparison for the base condition actions.

The uncertainties associated with the sediment budget developed for this
report, as well as that for the Comprehensive Plan, have been dealt with by
performing sensitivity analyses on proposed management alternatives.
Monitoring and refinement will continue during the design phase to incorporate
the most up-to—-date sediment information available. The sediment budget used
in this report is based on observed erosion and sediment movement from the
debris avalanche in the Toutle-Cowlitz system during the past four years. Data
available included Cowlitz/Toutle suspended sediment data through September 30,
1983, Cowlitz/Toutle River cross sections through April 1984, U.S.G.S. debris
avalanche cross sections through early 1984 and debris avalanche backhoe soil
samples from May 1984. Projections for future erosion and sedimentation are
based on these observations and the average hydrology of the past 50 years.

The largest storm during the past 4 years had approximately a 10-year
occurrence frequency. While there has been no extreme post—-eruption storm
event, Spirit Lake has experienced several intense rain storms. Monthly
rainfall in November 1983 was 229% of normal including an intense 3.33 inches

on one day. It is expected that large quantities of material will erode with
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extreme events (L00-year and above) or as a result of volcanic or hydrologic
events. Although no historical basis exists for raising the current sediment
budget, sediment ranges on the high side have bheen considered in evaluating

alternatives to cope with future special events.

The monitoring and refinement is essential since consultants and some scien—
tists in the field, who have had the opportunity to briefly review the sediment
analysis, are concerned that estimates presented may be low both in total
volume and rate of delivery because they are based on average hydrology. These
concerns reflect the uncertainties of sediment forecast for volcanic and hydro-
logic events and the fact that infrequent storms or mudflows could produce

sediment deliveries -in excess of the forecasted amounts.

Photograph 6. The Debris Avalanche with N-1 Retention Structure at the Toe
(Jan Pardell)
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REEVALUATION OF SEDIMENT BUDGET

Background

The sediment budget presented in the Comprehensive Plan contained the best
available sediment transport measurements and cross—sections of the avalanche.
Sediment transport measurements supplied the data to develop an estimate of
sediment yields to the Cowlitz River. The cross-—-sections were used to develop
the eventual equilibrium profile and channel geometry in the avalanche and to
estimate total and annual sediment yields. Scour, deposition and yield pat-
terns in the Toutle/Cowlitz River system were then computed from the debris

avalanche to the Columbia River.

The principal conclusions of the Comprehensive Plan analysis included:

a. The sediment erosion from the avalanche would average 50 mcy per year
for the initial 7 to 10 years, and would total 1 bcy during the 50-year project
life.

b. The Toutle River system was a depositional area for sediments.

c. For no—action conditions, maximum accumulative deposition of 50 mcy in
Cowlitz River would be reached in 1987 and 240 mcy would have to be dredged
from Columbia River between 1981-2012 to maintain the navigation channel.

During the preparation of that sediment budget, the study team recognized that
the data were limited, that some assumptions would have to be checked, and that

the sediment budget needed review whenever additional data became available.

In October 1983 the Portland District began receiving updated data. The USGS
provided tabulation of the total sediment transport for water years (WY) 1981
and 1982 at Kid Valley on the North Fork Toutle River, at Tower Road on the

main stem Toutle River, and at Castle Rock on Cowlitz River. Total sediment

data from these stations for WY 1983 arrived in February and March 1984.
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Updated USGS cross sections of the avalanche and the Toutle River system taken
repeatedly from 1980 to 1983, became available in late 1983 and early 1984.

Results from an Oregon State University (OSU) study of the debris avalanche,
including cross sections, sediment yields, geomorphic processes, and drainage
and channel development, were periodically received from late 1983 to early
1984. 0SU's final report was received in June 1984.

The compilation, comparison, analysis and interpretive results of the recently
received data are discussed and documented in appendix C, Sedimentation Study
for Feasibility Report.

Objectives

The objective of a sediment analysis is to predict changes to water surface
profiles resulting from future sediment deposition in the Cowlitz River and to
predict future sediment deposition which could interrupt navigation in the
Columbia River. Estimates of sediment deposition provide a basis for planning
sediment control measures. The sediment budget focuses on the composition and

rate of sediment movement through the Toutle/Cowlitz/Columbia River system.

FORECAST OF FUTURE SEDIMENT MOVEMENT

To develop a long-term sediment/flood control and navigation plan for the
Toutle/Cowlitz/Columbia system requires predicting future sediment ylelds and
identifying the sources of those sediments. Critical elements contributing to
a sediment budget are identified below and addressed in more detail in
appendix C.
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Elements of Forecast

Debris Avalanche Deposits. The forecast estimates total volcanic deposits,
their composition, volume, slope stability, and distribution.

Avalanche Erosion Processes and Trends. The forecast predicts drainage network

development on the avalanche, stream channel incision and widening, effects of

a rising water table, and processes contributing to sediment loading of

gstreams.

Toutle River. The forecast analyzes scour and depositional patterns, potential

for bank erosion, and sediment movement through North Fork and main stem Toutle

River.

Cowlitz River. The forecast studies the scour and depositional patterns in the
Cowlitz River that occurred during WY 1982 and 1983. That analysis included
the effects of dredging, changes in bed material, and grain sizes transported

and/or deposited; an estimate of future sediment movements (as determined by
HEC-6 modeling with input from hydrographic survey), sediment sampling and
hydrologic records; and forecasting future flood elevations from the estimate

of sediment depositions over time and place.

Columbia River. The forecast uses HEC-6 modeling to determine the depositional

pattern in the Columbia River navigation channel and provides an estimate of

future deposition.

The following summary discusses a forecast of erosion, transport, and deposi-
tion for each of the streams mentioned above. These forecasts are based on the
data and analysis presented in appendix C and represent the best current
estimates. The actual volumes of sediment eroded, transported, and deposited
in any single year will range above or below those shown, but the long-term
averages should reflect forecasted trends. As new information becomes avail-
able and knowledge of the complex processes occurring in the system grows,

these estimates will improve.
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Debris Avalanche

Sediment yields from the debris avalanche are expected to remain high
throughout the 50-year project life. Ongoing changes occurring in the
avalanche will gradually reduce the rate of erosion, but based on yields from
other watersheds presented by Brown and Ritter (1971), the Toutle River Basin
is expected to remain the most rapidly eroding watershed of its size in the
United States.

Base Level Sediment Yields. Base level sediment yields are those expected from

the debris avalanche as a result of normal hydrologic sediment erosion
processes. Estimated base yields are determined by the initial yield and

expected changes on the debris avalanche.

Forecasted Sediment Yields. Under conditions existing during the past three

years, and projected to continue for several more, a number of non-base level
events have happened. The most significant of these events include mudflows,
lake breakouts, and major changes in channel alinement. Because the base level
yields did not contain any allowance for these events, these levels are too low

for use in defining the problem statement.

A forecasted sediment yield curve was prepared by incorporating the base curve
and the non-hydrologic (mudflow) sediment producing events. The initial yield
for this curve is 28 mcy per year (figure II-1). This curve allows for the
occurrence of mudflows, channel re—-alinements, and above normal peak storm

discharges. These are discussed in more detail in appendix C.

Yields from Infrequent Events. The sediment entering the Toutle-Cowlitz River

system is delivered episodically, for the most part during winter storms. Just
how much sediment is transported is dependent on the intensity, duration, and
timing of these storms. The timing of these yields cannot be determined
precisely because of the infrequent nature of events such as mudflows or

storms.
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Sediment transport varies as an exponential factor of te: discharges. Thus,
high streamflows during major storms carry many times the amount of sediment
transported by smaller flows. In the Pacific Northwest, these storms often
occur in series: two storms can occur within two or three weeks, each trans-—
porting a large quantity of sediment. In such cases the lower Cowlitz River
would not be able to transport all the sediment delivered by the first storm
through the system before the second storm yielded an additional load of sedi-
ment. A series of storms in 1982, for example, delivered an estimated 12 mcy
of sediment to the lower Cowlitz within 4 weeks; the total yield to the Cowlitz

for that year was an estimated 34 mcy.

Another unpredictable variable is the occurrence of mudflows. Mudflows—-flow
carrying as much as 60 to 80 percent solid material-—are potentially major
contributors to sedimentation problems in the Toutle/Cowlitz/Columbia River
system. In just a few hours they can deposit millions of cubic yards of sedi-
ment in river channels. These mudflows can be generated by heavy rainfall on
the debris avalanche. When groundwater levels are high, saturated channel
banks slump into the flow. In addition, mudflows can also be triggered by
minor volcanic eruptions. On 19 March 1982, a relatively small eruption
occurred while a snowpack existed in the crater. Part of the blast was
directed against the crater wall, rapidly melting ice and snow. The resulting
mudflow, moving about 30 feet per second in the headwaters region of the North
Fork Toutle, eroded 14 mcy of sediment from the debris avalanche. All but 4
mcy of this mudflow redeposited above debris retention structure (DRS) N-1.
Current estimates indicate that Mount St. Helens will continue erupting, though
these eruptions will not be as dramatic as the 18 May 1980 event. However,

minor events like the 19 March 1982 eruption are expected to occur frequently.

A design mudflow, which is used in later risks analysis, is developed and
described in appendix D. The design mudflow is considered an infrequent event,

with an approximate recurrence interval of 100 to 200 years, and is estimated

to contain 75 mcy of sediment.

—
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Projected Erosion

North Fork and Main Stem Toutle Rivers. Approximately 20 mcy of the 92 mcy
yards of sediment delivered to the Cowlitz River in water years 1981-83 eroded

downstream of the debris avalanche. Study results showed the existence of a
large source of sediment but also indicated that almost all of the erosion on
the Toutle River occurred within the 1980 mudflow deposits. An older lahar or
mudflow, the Pine Creek lahar that underlies and bounds the 1980 mudflow, was
coarser in size and less susceptible to erosion and transport. The study also
estimated the material volume of the 1980 mudflow deposit at 20 mcy in the
channel and floodplain of the Toutle and North Fork Toutle River. The
projected rate of erosion based upon observed sediment transport, channel
hydraulics, and theoretical development of landscapes, suggested a sediment
yield beginning at 5 mcy/year and declining to less than 0.5 mcy/year in 10

years .

Cowlitz River. The volume of fine sand and coarser material delivered to the

Toutle River governs sediment deposition in the Cowlitz River. However, based
on the results of sediment transport modeling for the no-action condition, the
initial volume of deposition is assumed equal to 35 percent of all sand
delivered by the Toutle River. The best estimate of avalanche yields combined
with Toutle River erosion gives the projected sand yield to the Cowlitz (figure
I1I-2). This results in an estimate of a maximum 78 mcy of deposition in the

Cowlitz River, if no aciton is taken to reduce sediment accumulaton.

Columbia River. Winter sand discharge from the Cowlitz River could deposit

in the Columbia River and interfere with shipping in the vicinity of the
Cowlitz/Columbia confluence for the entire 50-year project life. Figure II-3
shows the forecast deposition based on projected Cowlitz River sand dis-
charges. Assuming near—average runoff, the problem will be most severe during
the first 7 to 10 years, when predicted erosion rates on the avalanche and
Toutle River are highest. Deposition in the Columbia River should only be a
problem during the winter, when Columbia River flows are low and storms in the

Toutle River Basin produce large volumes of sediment.
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COMPARISON OF NEW SEDIMENT ANALYSIS WITH COMPREHENSIVE I°.AN SEDIMENT ANALYSIS

The Comprehensive Plan estimated 1 becy of sediment erosion from the debris
avalanche during the 50-year project life. This assumed an initial rate of
erosion equal to the then-estimated WY 1981 and 1982 average of 50 mcy/year.
The revised sediment budget presented in this report predicts approximately 750
mcy of total erosion beginning in 1980, with an initial erosion rate of 28
mcy/year. The Comprehensiie Plan bases total volume of erosion on an estimated
equilibrium stream profile and channel widths. In this report, the total
volume of erosion is founded on a geomorphic evaluation of changes likely to
occur in the nine reaches of the debris avalanche and on the potential for
unusual events occurring that could disrupt the system with higher than normal
sediment yields. Much of the difference between the two estimates in both
total volume and initial rate comes from greatly revised projections in gravel
yields. The Comprehensive Plan estimated gravel yields totaling nearly 400 mcy
during 50 years beginning at an initial rate of 20 mcy/year. The revised
budget in this report projects a total of approximately 50 mcy of gravel yield,
with rates beginning at 1 mcy/year. Total estimated sand yield, which is the
primary cause of increased water surface elevations, remains the same as in the

Comprehensive Plan.

The rate of decay and levels to which yields will decline also differ between
the Comprehensive Plan and the best estimate presented in this report. The
difference is shown on figure II-4. The higher yields currently projected for
the end of the 50-year period result primarily from sediment sources immedi-

ately downslope of Mount St. Helens.

Another difference between the Comprehensive Plan and this report is the behav-
ior of the North Fork and main stem Toutle Rivers. 1In the Comprehensive Plan,
they are classified as areas of sediment deposition but updated studies indi-
cate they really may be areas of sediment erosion. That change in classifica-
tion accounts for the earlier decline in sand yields to the Cowlitz River,
shown in the Comprehensive Plan, as material would not be stored for later

erosion (figure II-5).
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- The projected Columbia River dredging requirements for the no—action condition
during the 50-year project life was 242 mcy in the Comprehensive Plan, compared

to the 145 mcy in this report. The three main reasons for this difference are:
o The change in debris avalanche yield magnitudes and decay rates.

o The assumption in this report that 70 percent of the annual Cowlitz
River sand discharge occurs in the winter, as opposed to 100 percent
shown in the Comprehensive Plan. Only the sand fraction is considered
a potential depositional problem.

0 Several more years of observations of Columbia River post-eruption
depositional patterns and dredging requirements have provided better
insight into estimating future dredging requirements.

The no—action budget dredging requirements to maintain the navigation channel
on the Columbia River, between RM 10 and 72.8 include dredging of a sump at the
mouth of the Cowlitz River from 1985 up to 2035. This sump traps flood event
sediment and prevents it from disrupting navigation in the Columbia River chan-
nel. Approximately 3 mcy/year of sand and fines will be dredged fromthis

sump. Due to the geometry of the sump, about 1 mcy of the dredged material
will be fines. 1If the sump were not present, the fines would most likely
remain suspended and discharge into the Columbia without depositing.

Observations of the depositional behavior of Cowlitz and Columbia Rivers have
led to changes ,in sediment transport and deposition estimates on those streams.
Long-term sediment transport modeling, based on those observations, has
resulted in revised flood elevation predictions for the Cowlitz River. Over-
all, the new design yield reduces the initial intensity of the sediment yields
but increases the long-term rates. A full assessment of these changes on pos-

sible flood protection and sediment control alternatives are discussed later.
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PROBLEM STATEMENT

General

While new estimates have reduced the annual rate of sediment delivery to the
Cowlitz, the total sand delivery remains the same as in the Comprehensive
Plan: 380 mcy over the study period of 50 years. This changes the potential
initial damages, but does not lessen danger to the communities on the Cowlitz,

the transportation corridor, or navigation in the Columbia.

As in the Comprehensive Plan, the new analysis gives a conservative damage
estimate by assuming total abandonment of communities once major flooding
occurs every year; in addition, it includes no cost for actual evacuation, loss
of revenue, social impacts to communities, nor secondary economic losses other
than direct damages to the region. It further postulates abandonment of all
leveed areas under the no—action condition, except Longview. Because of the
large investment in the Longview area, abandonment was not an appropriate

option.

Potential Flood Damages

Transportation Corridor. Total average annual damages estimated for the trans-

portation corridor which crosses the Toutle River at its confluence with the
Cowlitz River come to $12.2 million. Abandonment of the current transportation
corridor is not considered a reasonable alternative. However, by 1989, trans-

portation facilities would incur damages annually in excess of $100,000.

Castle Rock. Average annual damages estimated for the city of Castle Rock are
$1.9 million. Castle Rock is the most endangered urbanized area with
abandonment assumed in 1986. Figure I1-6 shows the stage-frequency curve for
Castle Rock.
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Photograph 7. Sediment Plume from Mouth of Toutle River Entering Cowlitz

River.

Lexington. Average annual damages estimated for the community of Lexington are
$4.0 million. Damages are not considered for this community beyond 1988
because abandonment is assumed and flooding could be expected on an annual

basis after that date.

Kelso. Average annual damages estimated for Kelso are $6.1 million. Abandon-
ment would occur in 1987 and damages are not cousidered for this community

beyond that time.

Longview. Longview is the major damage center for the study area. 1t contains
the industrial base for this region of Washington State. Average annual dam—
ages for the city are $102.1 million. As previously stated, abandonment is not

assumed for this area. Figure II-7 shows stage-frequency curve for Longview.
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Unleveed Areas. Levees protect all of the above cities or communities in vary-

ing degrees. However, damages will occur in the unleveed areas depending on
their location. Average annual damages for these areas are $1.2 millionm.
Abandonment will start in 1986 for areas around Castle Rock and in 1987 around

the Kelso area.

Total Damages for No Action. Total average annual damages are estimated at
$127.5 million.

Columbia River Navigation Impacts

In addition to the damages stated above, the no—action condition affects the
maintenance of the Columbia River navigation channel. To the 5.5 mcy per year
pre—eruption dredging effort required to maintain the Columbia River navigation
channel, a total of 145 mcy of additional dredging will be added for the
50-year life of the project. The incremental average annual cost for this
additional dredging is $13.5 million.

Infrequent Events

In addition to the estimated damages and impacts shown above, further threat

exists from such infrequent events as mudflows and large storms.

As noted earlier, mudflows and large storm events can deliver so much sediment
that the Cowlitz channel would fill and all protection could be lost. Should a
mudflow or major storm occur during the storm season, a real possibility exists
that the channel capacity could not be restored during the winter season.
Severe damages to communities and blockage of the Columbia could result if any

storms followed this type of event.
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IMPACTS OF NEW SEDIMENT ANALYSIS ON COMPREHENSIVE PLAN SENSITIVITY ANALYSIS

General

The sensitivity analysis conducted in the Comprehensive Plan showed a single
retention structure (SRS) 1s generally the least costly solution to the
sediment problem within the total sediment yield range of 400 mcy to 2 bey. It
also indicated that the SRS provided the least costly solution to sediment
yields, ranging from approximately 30 mcy/year to 70 mcy/year. The revised
sediment budget for the Feasibility Report (see appendix C) placed the new
sediment estimates within the approximate range of sensitivities developed for
the Comprehensive Plan. The new total sediment yield from the debris avalanche
is predicted to be 750 mcy during 55 years beginning in 1980 following the

eruption and the declining annual sediment yield is forecast to be 28 mcy in
1985.

This section considers the cost impacts of the revised sediment budget on the
relative ranking of sediment solutions and describes additional studies neces-

sary to insure the validity of these relative rankings.

Impacts on Single and Multiple Retention Structures

The revised sediment budget indicated the feasibility of a smaller structure if
sized only for sediment storage. However, additional storage needed for sedi-
ment delivery by flood events and mudflows dictated that a structure the same
size as in the Comprehensive Plan still was required. Continuing investiga-
tions of the MRS sites revealed foundation problems, creating increased costs
for this option regardless of the magnitude of sediment predictions. Thus,
changes in the sediment analysis had no effect on the relative ranking of solu-
tions as presented in the Comprehensive Plan. However, costs have been recom-—

puted for the MRS alternatives and are presented in the following chapter.

Impacts on Sediment Stabilization Basins

The new sediment analysis indicates reduced initial annual sediment delivery,

suggesting a lower initial cost for the SSB solutions. However, the total
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quantity of sand delivered over the project life remains virtually the same as
in the Comprehensive Plan. Since dredging is highly sensitive to total volumes
of material removed, costs rise quickly as convenient disposal sites reach
capacity. Review of available disposal sites shows little remaining storage
volume, indicating that dredging would have greater costs than shown in the
Comprehensive Plan. Another factor influencing the cost of the SSB solution
stems from a downward revision in the trapping efficiency of this alternative.
Increasing the amount of material needing removal adds to the cost. However,
investigations will continue considering dredging. Although the SSB termi-
nology is not used, the proposed dredging utilizes the same locations, LT-1 and
LT-3, and similar methods of removal.

Further Sensitivity Analysis

Based on the revised sediment budget, investigations were performed to deter-
mine if the relative ranking between the MRS and SRS alternatives had changed.
The results are presented in the following chapter. Further study also com-
pared various sized SRS's and their accompanying downstream dredging to
identify the most cost-efficient combination of structure and dredging at each
SRS site. In addition, the National Economic Development (NED) plan formula-
tion process conducted a sensitivity analysis of the impacts of varying

quantities of sediment on the proposed plan.

Base Condition.

Rationale. As discussed above, a base condition has been selected which is
defined as the without-project condition in this report. This base condition
acknowledges the Federal Government's commitment to protect the communities
along the Cowlitz River and reflects interim actions under authority of PL
98-63. The base condition, rather than the no-action condition, serves as the

probable future against which all alternatives will be measured.

Methodology. The Cowlitz River's dynamic nature pointed out the danger of
selecting a condition which might prove unachievable on a leag-term basis.
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Therefore, the Corps chose a condition existing at a given point in time.
Since levels of protection on the Cowlitz vary from akﬁggg7in summer (just
after dredging) to a low at the end of winter, the selected base condition was
that level of protection documented in the Cowlitz River Survey conducted dur-
ing November and December 1983. This level of protection was measured against
the permanent levees rather than the temporary structures built as a flood-
fight activity and considered inadequate as a long-term solution. In sum, the

level of protection chosen reflects these factors:

o The interim dredging represents one aspect of a long-term commitment by

the Federal Government.

o The November-December survey documented a realistic level of protec-
tion. Concern existed that too high a level of protection established
against the permanent levees would be impossible to achieve by
dredging.

o The November—-December 1983 river geometry provides an accurate measure-
ment of river conditions upon which to base damage and benefit calcula-

tions.

o The levels of protection existing in the November-December survey,
based upon current estimates of sedimentation, vary from about 60-year
protection at Longview to 10-year protection at Castle Rock and fall
between the maximum and minimum levels achieved that year.

Erosion and sediment transport within the Toutle River Basin will be the same
for the base condition as for no action (appendix C). 1In the Cowlitz River,
base condition deposition will be slightly higher than under no action and
dredging will be performed at LT-1 and LT-3 to maintain interim flood protec-
tion. Dredging also will be conducted at the mouth of the Cowlitz River to
maintain the Columbia River navigation channel. A summary of base condition
sediment movement is presented in table II-1. As that table shows, 450 mcy of
sediment will be transported through the Columbia River system. Over 60
percent of that material will be silt and clay.
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TABLE II-1
BASE CONDITION SEDIMENT MOVEMENT
(mcy)

50-year Project Life
(1985-2035)

Estimated Avalanche Erosion

750 Total Erosion by 2035

=99 Previously Eroded

651 Total 50-Year Erosion
Toutle River

651 Yield to
+23 Erosion
-89 Deposition (50 upstream gravel

+39 dredging)
Cowlitz River l

585 Yield to
+10 Erosion
=74 Deposition (to be dredged)

Columbia River l’

521 Yield to
0 Erosion
-71 Deposition (to be dredged)

450 To Move through Columbia River

TOTAL DREDGING REQUIRED 184

The benefits of the base condition as well as the economic justification used
for economic evaluation of alternatives are described in the National Economic

Development Plan, chapter IV.

Evaluation of Emergency Structures

In late 1982, the Corps placed temporary structures on the tops of the levees

along the Cowlitz River as an emergency measure to improve the margin of safety
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against overtopping during the winter of 1982-83 to the leveed areas of
Longview, Kelso, Lexington, and Castle Rock. The Corps added between 1 and 5
feet (2.5 feet average) of various construction and structural materials to the
top of approximately 10 miles of levees to help offset the uncertainty of
winter sediment deposition, expected to exceed 3 feet in the Cowlitz River.
None of these emergency measures met Corps design requirements for permanent
structures, as this work was designed to provide only additional freeboard for
a one~time event. The space available for construction and the safety factor
of the existing levee sections determined final temporary levee configura-
tions. Construction materials included quarry waste, sand, concrete stoplogs,
highway median barriers, geotextiles, sandbags, and wood. This construction
was intended to prevent overtopping of the levees during short-duration events
but not to withstand high or long-duration floods or sequential events. Should
the levees experience such events, they would suffer damage and need rebuilding

before again providing reliable freeboard.

The 1982 emergency actions attempted to provide protecton to structures located
in the flood plain behind the levees during the single occurrence of an extreme
event. These measures should not be construed as providing the same protection
for lives, since temporary evacuation is required as soon as levels reach the
safe-water height of the permanent levees. Also, the temporary measures do not
provide the same long-term property protection as the permanent structures,
because sandbags or other temporary measures are removed once the flood event
has passed. However, in the case of the lower Cowlitz River, the Corps left
the temporary floodfight measures in place, recognizing that permanent flood
control measures would not be implemented for several years and the extreme

difficulty in mounting an effective floodfight during the interim period.

As indicated in various interim reports, these emergency measures have provided
temporary 100-year emergency protection for the single occurrence of an extreme
event. The emergency level of protection is provided by freeboard assumed at 3
feet below the temporary levee crest. By comparison, the safe level of protec-
tion for the permanent levee is based on a detailed analysis of the structures

and varies from 3 to 6 feet below the crest of the permanent levee. Since the

protection provided by the temporary measures and structures is very limited,

the levels of protection used in the base condition analysis of this report do
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not agree with those given in various interim measures report. A discussion
of these levels of protection can be found in appendix D, exhibit 1. Enumer-
ated below are additional reasons these temporary measures are not used as a
basis for permanent protection (for explanation of temporary measures, see last

paragraph, page 1I-30).

Since the eruption, an agressive monitoring program on the Cowlitz River
provides some preparedness for floodfight operations to protect leveed areas.
Based on the existing conditions, it would be impractical to mount successful

floodfight operations for all the existing levees for the following reasons:

a. Historically, the Cowlitz River has been difficult to successfully
floodfight due to its high velocity and rapid rate of rise. Changes in the
Toutle basin watershed due to the eruption of Mount St. Helens have made the
Cowlitz even more unpredictable. The National Weather Service feels it can
give approximately 6 hours warning of an impending flood peak arrival. From
the time the Corps receives a forecast of an impending flood peak and declares
a floodfight, it needs over 10 hours of lead time to mobilize contractors and
their equipment to protect the threatened areas. Hence, effective floodfight

operations could not be mounted in time.

b. Some levees, such as the Castle Rock levees, have no physical room on
top of the critical sections to perform floodfights. The space is filled by
the temporary raises and no area exists for either equipment or additional
protection materials such as sandbags. However, the temporary work is the same

as that which would take place in a normal floodfight.

c. In addition to the lead-time requirement listed above, all of the levee
systems requiring emergency floodfight operations are crossed by the major
evacuation routes leading from low-lying areas or are immediately adjacent to
densely inhabited areas. Therefore, it is anticipated that contractor access
to many worksites will be seriously inhibited by evacuees attempting to move in
the opposite direction away from the threatened areas. This worksite conges-
tion would undoubtedly delay or otherwise interfere with floodfight operations

and adversely influence their effectiveness.
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A comparison of the base condition levels used for analysis in this report and
the level of protection which exist resulting from temporary levees and

interim dredging along Cowlitz River are shown below.

Table II-2
COMPARISON OF LEVELS OF PROTECTION

Levels of Protection®*

Existing Condition
with Temporary

Levees and

Base Condition Interim
Location Used for Analysis Dredging**
Longview 60 year 100+ year
Kelso 20 year 100 year
Lexington A 40 year 100+ year
Castle Rock 10 year 100+ year

*December 1983 survey and August 1984 sediment adjustments.

**Conditions in 1984 approximate those shown in the table above.
Based upon the most recent estimates of sediment made during 1984,
necessary dredging, and maintenance, rehabilitation, and
reconstruction of the temporary emergency protection levees will be
accomplished as required by PL 98-63. Levels of protection are
subject to variation over the calendar years. See Appendix D,
exhibit 1.

e. The Supplemental Appropriations Act of 1983 (PL 98-63) authorized the
Corps of Engineers to implement and maintain flood control measures on the
Cowlitz and Toutle Rivers. This legislation was enacted to assure flood
protection for developed areas in the vicinity of each river against a 100-year
flood and to reduce sediment flow into, and the potential blockage of the

Columbia River navigation channel.
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The emergency levee raises were constructed without benefit of a complete
design process. As a result, the emergency structure cross sections are, in
many cases, substandard according to current design criteria and do not provide
an adequate factor of safety. If the river encroached on these temporary
levees, the levees could fail or at least pass so much water as to render them
unsafe. Therefore, evacuation of residents has been a requirement as soon as

water levels reach the safe water height of the permanent levees.

Use of the emergency structures could result in damages, if implemented as a
long-term solution. Moreover, even if the leakage through the structure were
solved and the river bed allowed to raise, the old levees underneath the raised
sections could become saturated. Since the Corps did not design these struc-
tures for continuous saturation, serious interior drainage problems would
ensue. At best, this situation would be remedied by costly pumping plants; at

the very worst, failure of a section of the permanent levee could occur.

The freeboard provided by the emergency structures was not intended to undergo
prolonged inundation. These raised portions are, therefore, not considered a
part of the permanent levee except as they provide some tolerance for inaccura-
clies in predicting water surface elevations during a single storm event. Some
benefits are attributable to the freeboard provided by the emergency struc-
tures. The Corps evaluation process allows benefits for half the freeboard. A
sensitivity analysis presented in appendix B studied whether that additional
value would significantly enhance the base condition. The results indicated
that it reduced the base condition's residual average annual damages by less
than 10 percent. Hence, the impact on plan evaluation of giving the temporary

levees benefits as freeboard is considered insignificant.

Costs for Maintaining the Base Condition. The costs shown below reflect the

50-year total and average annual cost required to provide the base condition at
1984 prices using an 8-1/8 percent interest rate. The detailed costs by year
are shown in exhibit 1 of appendix D. By comparison, 1983-84 dredging costs to

remove 12.4 mcy came to $22.5 million.
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Monitoring Cost $ 32,500,000

Toutle River Dredging (37 mcy) 68,200,000
Cowlitz River Dredging (76 mcy) 219,700,000
Columbia River Dredging (71 mcy) 170,700,000
Contingency (202) 98,100,000
TOTAL COST $589,200,000
AVERAGE ANNUAL COST $ 23,300,000

Risks Associated with Base Condition. Certain risks are inherent with any

dredging solution. Dredging is primarily a reactive measure. Monitoring
indicates when the protection to a community would warrant dredging. If the
level of protection is measured during the summer, there is little problem; but
if it decreases during the storm season, there is little chance of restoring

full protection before the end of the winter.

If all the dredging were done continuously at LT-1 and LT-3 sites, there would
be a limitation to site efficiency and not all the sediment moving through the
river could be removed. This is due to physical limits on how much material
can be handled by dredging equipment in a given period of time; moreover, the
sediment delivered by one storm could fill or exceed the capacity of a basin.
Since storms in this region can occur in series, a second storm could bring
another wave of sediment before the basin could be dredged of the earlier
deposit. As a result, only part of the sediment being transported could be
trapped and removed under these conditions. A large volume of sediment could
pass into the lower Cowlitz and Columbia Rivers, creating a potential for

flooding on the Cowlitz and blockage of navigation on the Columbia.

Conclusions

As described, the problem statement for the feasibility study reflects recent
changes to the sediment budget. The problem statement fully acknowledges the
serious continuing threat to communities on the Cowlitz River, to the transpor-
tation corridor crossing the Toutle River, and to navigation on the Columbia
River. Originally, the problem statement assumed a no—action condition. This

did not reflect the Federal commitment to protect threatened communities, as
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indicated by the interim dredging authorized under PL 98-63. The revised prob-
lem statement uses as the base condition a without-project status but presumes

continued dredging.

The without-project base condition is now the point of comparison for all
future alternatives in this report. The damages claimed for those alternatives
will reflect only those damages which exceed the base condition, since the
benefit of each alternétive is based on the net difference from the base condi-
tion (see chapter IV); All future discussions of alternatives and their costs

must reflect the protection provided by the base condition.

Investigations performed on the sensitivity analysis conducted in the
Comprehensive Plan showed no change in rankings. Further sensitivities have
been conducted on the retention structure alternatives and the dredging
required to maintain the base condition. These identified the ranges in cost,
should sediment delivery vary significantly from the revised estimate.

A developed area will be deemed as having 100-year flood protection when the
predicted 100-year flood elevation is 3 feet or more below the top of the
levee. The top of the levee is considered to be the higher of either the top
of the permanent levee or the top of the temporary levees that were constructed
on the permanent levees during the winter of 1982-83, depending on location.
This 100-year protection is considered adequate for protection of property
only. Since these temporary levee raises could not be constructed to Corps
standards because of time limits and rights-of-way constraints, they do not
offer the same degree of proteciton of life as standard Corps levees. This is
particularly true in the Castle Rock area where evacuation will be necessary
prior to reaching the 100-year flood elevation to insure adequate protection of

lives.
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CHAPTER III - FURTHER INVESTIGATIONS

INTRODUCTION

Following the development of the revised sediment budget, new cost estimates
were formulated to recheck the relative ranking between the MRS and SRS alter-
natives. These new estimates not only considered the revised sediment projec-
tions, but also looked at new site information developed since completion of
the Comprehensive Plan. Specifically, the new estimates incorporated informa-
tion from foundation studies and topographic surveys conducted at LT-3 and Kid

Valley sites, similar to ones already completed at the Green River site.

This chapter presents new costs for all the MRS combinations and compares the
structures and associated costs with the SRS alternative. It also carries out

a cost comparison between different sized structures at all SRS sites.

MULTIPLE RETENTION STRUCTURES (MRS) COST REVISIONS

Description

This study examined the proposal for two or three structures placed along the
North Fork and main stem Toutle Rivers, sized to store the materials eroding
from the debris avalanche. The structures would be constructed in sequence

and would not require dredging of the material trapped by the structures.

Sites available for constructing debris retention structures exist at LT-3,
Kid Valley, and Green River. 1Initial construction would begin at the lower
site on the river, LT-3; and structures would be added upstream until suffi-

cient storage existed to handle the eroded material.

The heights of the structures would vary, depending on the amount of material
retained at a given location. All structures would be built in a single stage
although the larger structures at Kid Valley and Green River could be built in

stages. These retention structures would be gravity dams constructed using
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roller-compacted concrete techniques. The spillway, also roller—compacted -

concrete, would have gravity sidewalls with a raised concrete overflow section
to control the level of sediment deposition behind the structure. The phasing
of subsequent dams would depend upon the full utilization of the preceding

structure's storage space.

This strategy would limit the operations and costs required to remove mate-
rial, as long as the structures have sufficient storage capacity to capture
all the sands eroding from the debris avalanche. Construction in sequence
allows flexibility in dealing with sediment movement. Downstream dredging
would be required to handle sediment transport during construction of the
first retention structure, and for several years thereafter, until the river

system downstream of the structures stabilizes.

Results

Foundation explorations revealed that LT-3 required considerably more excava- —
tion than preliminary estimates. Moreover, new studies showed the need for

additional foundation work for the left abutment at the Green River site. New
topographic information at LT-3 called for saddle dams along the ridgeline of

the basin to take full advantage of the capacities estimated for that site.

These structures are necessary to prevent flows from diverting to other adja-

cent basins as they overtop the low spots of the Toutle Basin around LT-3.

Detailed topography studies also improved storage estimates for the Kid Valley

site.

The estimates in table III-1 are based on the revised sediment budget. They
provide at least the same protection given by the base condition assumed for
this report. The MRS estimates yield benefits equal to the lowest cost SRS,
the 177-foot-high Green River structure, based on average annual sediment

deliveries.

e,
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Other Considerations

Relocations. Real estate costs and land requirements are greater for multiple
sites than for single sites. Impacts associated with acquisition are also

multiplied because of the increased number of land owners involved.

Fisheries. Under the MRS plan, the first structure built is LT-3. This
effectively cuts off upstream fish migration. With each additional structure,
chances of successful upstream movement for fish becomes more remote. Down-
stream migrants also suffer higher mortalities under the MRS option.

Greater impacts occur to wildlife habitat for multiple structures than for
single structures. State and Federal wildlife agencies oppose multiple

structures.

Summary

All combinations of the MRS shown are based on the most recent sediment,
foundation and topographic information. These combinations provide at least
the base condition level of protection and have outputs or benefits equal to
the SRS shown. Both in total and average annual costs, the SRS clearly
represents the more cost-efficient solution. Therefore, the MRS alternative
is dropped from the formulation process and all further comparisons will

consider only the SRS and dredging for the base condition.

Clearly, the total costs associated with MRS structures are high. In order to
compare the MRS combinations with the SRS, the study sized the SRS so that its
downstream actions equaled those of the MRS. This resulted in equal benefits

of flood damage reductions and equal reductions to dredging on the Columbia

River. Table III-1 shows that comparison.
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Table III-1

MRS-SRS Cost Comparison 1

Downstream Action

Costs
Structure Structure Cowlitz
Combination Cost3 Storage Toutle2 Columbia?
(Dam height) ($ M) (mcy) (s M) (s M)
MRS |
LT-3 (132 ft) 134.23 34
Kid Val. (268 ft) 236.0 248
0&M/Monitoring 42.0
64.1 33.1
LT-3 (132 ft) 134.23 34
Kid Val. (118 ft) 79.0 19
Green R. (153 ft) 137.9 184
0&M¥/Monitoring 39.0
64.1 33.1
LT-3 (132 ft) 134.23 34
Green R. (163 ft) 143.7 259
0&M/Monitoring 42.0
64.1 33.1
Kid Val. (118 ft) 79.0 19
Green R. (168 ft) 148.0 279
0&M/Monitoring 42.0
64.1 33.1
SRS
SRS at Green R.
Green R. (177 ft) 150.0 299
0&M/Monitoring 45.0
64.1 33.1

Average
Total Annual
($ M) (s M)
509.4 30
487 .3 28
417.1 25
366.2 22
292.2 18

1 Exact comparison between MRS and SRS costs at each site cannot be made as

differences in O&M and monitoring costs exist under the two schemes.

2 A11 projects have equal downstream action requirements and costs.

3 Does not include $60 million for saddle dam at LT-3, since constructing a
dam upstream limits the amount of additional aggregation behind the structure

and negates the need for such a dam.

costs.
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SINGLE RETENTION STRUCTURE SITE DEVELOPMENT

General

Following the development of the revised sediment budget and the decision to
concentrate on the SRS, a refined methodology identified a general area of
optimization between downstream actions and structure size. The analysis
considered a wide range of structure sizes for each SRS site. The study then
compared total project costs, including dredging on the Cowlitz and Columbia
Rivers for each size of structure at each site. An optimized structure would
be one having a total project cost less than either the next smaller or next

larger structure.

Description

Structure. Structures developed for the following cost estimates would be
built of roller compacted concrete with a concrete spillway. The size of the
structures vary depending on the sites. Spillways are 600 feet wide at all

sites except LT-3, where site limitations permit a width of only 500 feet.

Spillways would empty into stilling basins constructed of concrete. Some form
of regulating outlet has been assumed for all but the smallest structures with
the cost for an intake tower included in the estimates. Structure design
includes fish by-pass facilities for anadromous fish as discussed in

Section V.

The trap efficiencies of the structure vary in relation to their size and
sediment capacities and retention times. These varying efficiencies are
reflected in the costs of downstream actions and are included in the total
project costs. All structure costs shown below assume one-stage
construction. Analysis will be performed on the preferred plan for staging

feasibility.
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Downstream Actions. Most downstream dredging would occur on the Toutle River

at LT-1 and possibly LT-3. Once the disposal areas for those sites are full
or because of some threat to a community, dredging would take place on the
Cowlitz. Cost of a monitoring program for the sediment movement is included
in the project costs. This monitoring program is critical for identifying
dredging locations on the Cowlitz River during the first few years of the
project's life. Costs for dredging include real estate for disposal areas and

necessary hauling of material.

Engineering considerations include dredging in the Columbia at the mouth of
the Cowlitz River. Costs reflect disposal in areas close-by until those areas
become full and additional expenses are incurred for transporting material to
more distant locations. It is anticipated that material not deposited at the
mouth of the Cowlitz will have little impact downstream in the Columbia.

Costs. Costs for all alternatives include real estate, contingency, engineer-

ing and design, and supervision and administration. Detailed costs are found

in appendix D.

LT-3

General. As previously discussed, foundation explorations discovered greatly
increased construction costs for all sizes of structures at this site. Ques-
tionable foundation conditions exist along the ridgeline between the Toutle
River and Salmon Creek basins, requiring the use of saddle dams. This site
has very limited capacity. Costs for an SRS at the LT-3 site are shown in
table III-2.
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Table III-2

LT-3 Site
50-Year2 Downstream Actions

Maximum! Trapping Structure Cowlitz/ Total
Dam Height Capacity Capability Costs Toutle Columbia Costs3

(ft) (mcy) (mcy) (M) $ (mey) $ (mey) (M)
107 21 21 119.1 326.2 (98) 193.5 (68) 638.7
132 73 73 225.7 255.1 (80) 185.0 (65) 665.8
162 169 147 398.0 172.1 (59) 158.0 (57) 728.0
BASE CONDITION 589.2

1. Capacity based on a pool with an S/2 upstream material slope.

2. Trapping capability based on 50-year project life and average annual
sediment delivery.

3. Price level 1984.

Real Estate Requirements. The range of real estate requirements are shown in
table III-3.

Table III-3
LT-3 Real Estate Requirements1
Number of Total
Dam Number of Occupied Real Estate
Height Acreage Ownerships Improvements Costs
(ft)
107 1,410 73 13 6,350,000
162 2,870 92 13 13,900,000

1. Real estate costs included in Table II1I-2.

Other Considerations.

a. Saddle Dams. These structures are costly to build and would require

further foundation investigations at this site.

b. Fishery Impacts. Fishery impacts would occur because fish migration
to both Green River and the South Fork Toutle, which have important fisheries,

would be blocked. Environmental interests have concerns about any structure

below the confluence of the Green River. State and Federal agencies opposed

this site for a structure.
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Kid Valley Site

General.

the valley; however, adequate capacity exists at this site.

A high dam is required in this area because of the narrow shape of

competent foundation exists.

Table III-4
Kid Valley Site

A structurally

Downstream Actions

50-Year?
Maximum! Trapping Structure Cowlitz/
Dam Height Capacity Capability Costs Toutle
(ft) (mey) (mey) ($M) $ (mey)
118 35 35 112.0 267 .7 (97)
163 87 87 149.0 203.7 (78)
208 174 174 187.7 114.9 (52)
243 281 270 238.1 64.1 (29)
318 726 463 306.0 59.7

BASE CONDITION

1. Capacity based on a depositional area with an S$/2
2. Trapping capability based on 50-year project life

sediment delivery.
3. Price level 1984.

Real Estate Requirements.

Valley site are shown on table III-5.

(27)

Columbia

Total
Costs3

$ (mcy)

187.2 (66)
170.5 (61)
154.8 (55)
126.4 (47)
33.1 (15)

and average annual

The range of real estate requirements for Kid

Table III-5
Kid Valley Real Estate Requirements1
Number of Total

Dam Number of Occupied Real Estate
Height  Acreage Ownerships Improvements Costs
(ft)

118 1,700 46 10 $ 5,800,000
318 7,000 94 34 20,850,000

1.
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(M)

575.9
523.2
457 .4
428.6
398.8
589.2

upstream material slope.



Other Considerations.

a. Fishery Impacts. Significant impact to upstream fisheries would occur

with a structure at this site. Fisheries agencies oppose any structures below
confluence of Green River. Sediment backup would affect fisheries on both the

Green River and the North Fork Toutle River.

b. Relocations. No utilities relocations are proposed for alternatives
with dam heights greater than 208 feet, since real estate acquisitions
preclude the need for such actions. However, relocation of State highway 504,
which runs parallel to the North Fork Toutle at the Kid Valley and Green River

sites, may be necessary. See chapter X for further discussion.

Green River Site

General. A structurally competent foundation also exists here, as well as

adequate capacity.

Table III-6

Green River Site

50-Year? Downstream Actions
Maximuml Trapping Structure Cowlitz/ Total
Dam Height Capacity Capability Costs Toutle Columbia Costs3
(ft) (mey) (mey) ($M) $ (mecy) $ (mcy) (sM)
77 .40 40 107.8 290.6(100) 187.2 (66) 585.6
112 113 112 147.5 184.0 (73) 170.5 (61) 502.0
142 234 184 171.4 92.8 (42) 145.3 (50) 409.5
177 411 299 195.0 64.1 (29) 33.1 (15) 292.2
202 581 395 226.3 59.7 (27) 33.1 (15) 319.1
272 1162 463 310.9 59.7 (27) 33.1 (15) 403.7
BASE CONDITION 589.2

1. Capacity based on a depositional area with an S/2 upstream material slope.

2. Trapping capability based on 50-year project life and average annual
sediment delivery.
3. Price level 1984,
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Real Estate Requirements. The range of real estate requirements for Green
River site are shown on table III-7.

Table III-7
Green River Real Estate Requiremem:s1
Number of Total
Dam Number of Occupied Real Estate
Height Acreage Ownerships Improvements Costs
(ft)
77 1,500 - 18 7 $ 4,000,000
272 8,700 24 9 17,300,000

1. Real estate costs included in table III-6.

Other Considerations.

a. Fishery Impacts. This structure would have no negative impact on fish
movement or habitat of the Greenm and South Fork Toutle Rivers. Fish migration
upstream of the SRS is affected. Agencies favor this site with some form of
fish passage provided.

b. Relocations. No utilities relocations are proposed for alternatives
with dam heights greater than 142 feet, since real estate acquisitions
preclude the need for such actions. However, relocations of State highway
504, which runs parallel to the North Fork Toutle at the Kid Valley and Green

River sites, may be necessary. See chapter X for further discussion.
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Table III-8

Summary of Costs

50-Year? Downstream Actions
Site and Maximuml Trapping Structure Cowlitz/ Total
Dam Height Capacity Capability Costs Toutle Columbia Costs
(ft) (mecy) (mey) ($M) $ (mcy) $ (mecy) ($M)
LT-3
107 21 21 119.1 326.2 (98) 193.5 (68) 638.7
132 73 73 225.7 255.1 (80) 185.0 (65) 665.8
162 169 147 398.0 172.1 (59) 158.0 (57) 728.0
Kid Valley
118 35 35 112.0 267.7 (97) 187.2 (66) 575.9
163 87 87 149.0 203.7 (78) 170.5 (61) 523.2
208 174 174 187.7 114.9 (52) 154.8 (55) 457.4
243 281 270 238.1 64.1 (29) 126.4 (47) 428.6
318 726 463 306.0 59.7 (27) 33.1 (15) 398.8
Green River
77 40 40 107.8 290.6(100) 187.2 (66) 585.6
112 113 112 147 .5 184.0 (73) 170.5 (61) 502.0
142 234 184 171.4 92.8 (42) 145.3 (50) 409.5
177 411 299 195.0 64.1 (29) 33.1 (15) 292.2
202 581 395 226.3 59.7 (27) 33.1 (15) 319.1
272 1162 463 310.9 59.7 (27) 33.1 (15) 403.7

1. Capacity based on a depositional area with an S/2 upstream material slope.

2. Trapping capability based on 50-year project life and average annual
sediment delivery.

Summary

Of the 14 various sized structures considered, the 177-foot-high SRS at Green
River is the least costly. The following chapter will examine the benefits of
each of these structures and identify the one which provides the maximum net

benefits. By definition, it will become the NED plan.
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CHAPTER IV - NATIONAL ECONOMIC DEVELOPMENT (NED) PLAN

GENERAL

The Comprehensive Plan screened thirteen alternative measures and eliminated
all but five. The five management strategies identified during plan
formulation constituted the most feasible alternatives for meeting the study
objectives and providing a long-term solution to the potential threat of
flooding and navigation channel blockage.

The formulation process assumed that the existing Columbia River navigation
channel would continue to be maintained to its 40-foot authorized depth, with
any flood protection alternative evaluated. This navigation channel is a sig-
nificant regional transportation resource which carries some 30 million tons
of commerce annually. Political, social, and economic considerations warrant

the maintenance of this navigation channel under all project conditioms.

In the Comprehensive Plan, each management strategy was designed to yield the
same benefits, or level of protection, measured against a no-action condition.
Comparison was made of the various measures based upon cost of implementation
to determine which of them yielded the greatest net benefit. Based upon this
analysis, single retention structures (SRS) cost substantially less than any
of the alternative measures considered while providing the same level of

benefits.

Subsequent anaiyses tested the sensitivity of single retention structures to
changes in the anticipated rate of sediment erosion and to greater and lesser
total volumes delivered over the study period. This sensitivity analysis
showed that single retention structures, by virtue of their storage capacity,
provided the greatest allowance for variation in total volume and for changes
in the rate of sediment erosion and transport to the downstream channel. It
also confirmed that SRS's were relatively insensitive to shifts in total

volume and rate of delivery.

Following the above analysis, the Feasibility Report focused on single

retention structures for further evaluation and refinement.
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BASE CONDITION

The base condition defined for this Feasibility Report is the channel capacity
existing in the Cowlitz River as established by an onsite survey performed in
November-December 1983. This capacity represents a constant level of protec-
tion which is sustainable over the long run through ongoing dredging activi-
ties. This interim dredging was authorized by PL 98-63 and is consistent with
the recent levels of funding for Cowlitz River dredging. Therefore, the base
condition fully represents the without project condition described in the
Water Resource Council's Principles and Guidelines. It is the condition
against which all alternatives are compared. Figures IV-l and IV-2 show the
water surface elevations for Castle Rock (RM 17.6) and Longview-Relso (RM

5.5), respectively, under base condition measures.

The water surface elevations for the base condition are to remain constant,
not only during ongoing dredging activities, but also in the future when the
Cowlitz River stabilizes. The amount of interim dredging is determined by
actual deposition. Therefore, sediment removal can be annually adjusted to
maintain a constant level of protection or water surface elevation. This
level, resulting from PL 98-63 sediment removal will be maintained by the
natural stabilization of the river in the future when channel deposition is

offset by erosion.

The evaluation process contained in this study examines the impact of each
alternative SRS upon the base condition, both in terms of reducing flood dam—
ages and in preventing blockage of the navigation channel. This is a reason-
able approach because any action which reduces sediment movement into the
Cowlitz and Columbia Rivers addresses both flood control and navigation prob-
lems. The final screening of alternatives to identify the NED plan includes
the impact each alternative will have on the costs of maintaining the Columbia
River navigation channel and the degree of flood protection afforded along the
Cowlitz River.
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Figure IV-1. Water surface elevation for base condition at
Castle Rock (RM 17.6)
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Figure IV-2. Water surface elevation for base condition at

Longview-Kelso (RM 5.5).
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Justification for Base Condition

Adoption of the previously defined base condition required economically justi-
fying the interim dredging costs incurred for maintaining this condition.
Dredging quantities and costs for the project 1life are given in exhibit 5 of
appendix D. The analysis developed a no—action scenario which assumed no
additional flood reduction measures would be undertaken subsequent to December
1983. A comparison over time between the no—action status and the base condi-
tion established the level of expenditures necessary to maintain a constant
(base) level of protection. The resulting difference in flood damages between
the no-action and base condition represents damage reductions attributable to

interim measures maintaining the base condition at a constant level.

Under a no-action scenario, annual flood damages would rise steadily over the
next 4 to 5 years. Damage estimates were computed for each successive year
until a .95 probability of reoccurrence was reached. At this point, annual
inundation would dictate abandonment of existing improvements as damages

incurred each year would be equal to or greater than their annualized value.

Average annual net benefits of $105 million result from maintaining the base
condition instead of the no—action status. These bhenefits consist of flood
damage reduction amounting to $120.4 million averaged annually as shown in
table 1IV-1. The base condition also reduces Columbia River dredging costs of
$13.5 million in the no-action condition to $5.6 million, for a $7.9 million
average annual savings. The benefits are compared with average annual costs
of $23.3 million to maintain the base condition. Costs associated with
dredging are shown in appendix E, table E-4. Residual average annual damages,
which remain under the base condition, amount to $7.1 million annually as
shown in table IV-1.
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Table IV-1
Residual Damages

Equivalent Average Equivalent Average

Annual Damages Annual Damages
Reach No-Action Base Condition
Longview $102,109,400 $ 181,200
Kelso 6,144,600 2,382,400
Unleveed ~ 69,400 68,000
Lexington 4,001, 800 623, 800
Unleveed 523,400 778,500
Castle Rock 1,849,000 1,668,300
Unleveed 573,800 1,325,000
Major Transportation Facilities 12,233,000 123,200
Total $127,504,400 $7,150,400

Description of Flood Damages - Base Condition

Although interim measures will be undertaken to maintain the base condition,
the volatile and dynamic sediment movement into the Cowlitz River prevents
eliminating all possible flooding and damages Residual damages will result
from flood events which exceed base condition levels of protection for leveed
and unleveed areas. The base condition levels of protection for leveed areas
are shown below. A comparison between the base condition and interim measures

is contained in chapter II.

Base Condition 1983
Level of Protection

Castle Rock 10-year
Lexington 40-year
Kelso 20~year
Longview 60-year
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WITH-PROJECT CONDITION

The with-project condition consists of plans or measures which will improve

upon the base condition previously described and address the two major study
objectives relating to transport and deposit of sediment into the Cowlitz and
Columbia Rivers. The benefit of each alternative is based on the net differ-

ence from the base condition.

Benefits realized under a with-project condition include reductions in the
$7.1 million residual average annual flood damages, savings in costs required
to maintain the Columbia River navigation channel, and savings in dredging
costs currently required to maintain the base condition on the Cowlitz River.
The costs no longer incurred for dredging to maintain the base condition

amount to a savings of $23.3 million annually.

Single Retention Structure

As described earlier, the formulation and evaluation process contained in the
Comprehensive Plan identified single retention structures as the most effi-
cient and effective solutions. Sensitivity analyses likewise indicated that
these structures would yield the highest net return in terms of economic effi-

clency over a considerable range of sediment volumes.

Subsequent to the Comprehensive Plan, additional design work refined the cost
and structural criteria of SRS. These studies determined that single-staged,
rather than incrementally-staged construction was still cost effective. A

discussion of staging versus single-stage construction is found in appendix D.

This report utilizes the revised sediment projections and delivery rates to
confirm that a single retention structure still represents the optimum

solution.

The analysis evaluates various sizes of single retention structures, each con-
structed to a specific design elevation in a single construction phase. Three

locations in the upper Toutle River watershed (LT-3, Kid Valley, and Green
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River) are studied. Each option and its costs are shown below. Given the
revised estimates of total delivery and changes in delivery rates, reanalysis
of the original plans or management strategies affirm that single retention

structures are the most cost efficient plan.

Table IV-2

Summary of Costs

50-Yearl Downstream Average
Site and Trapping Structure Actions Total Annual
Dam Height Capability Costs Costs Volume Costs Costs
(ft) (mey) ($M) (sM)  (mcy) ($M) ($M)
LT-3
107 21 119.1 519.6 166 638.7 26.7
132 73 225.7 440.1 145 665.8 27.8
162 147 398.0 330.0 116 728.0 34.0
Kid Valley
118 35 112.0 463.9 163 575.9 23.5
163 87 149.0 374.2 139 523.2 21.8
208 174 187.7 269.7 108 457 .4 20.8
243 270 238.1 190.5 76 428.6 22.2
318 463 306.0 92.8 42 398.8 26.2
Green River
7 40 107.8 477 .8 166 585.6 23.9
112 112 147.5 354.5 134 502.0 20.3
142 184 171.4 238.1 95 409.5 18.0
177 299 195.0 97.2 44 292.2 17.9
202 395 226.3 92.8 42 319.1 20.0
272 463 310.9 92.8 42 403.7 25.8
BASE CONDITIONZ 589.2 184 589.2  23.3

1. Trapping capability based on 50-year project life and average annual
sediment delivery.

2. Level of protection varies with area. Under the base condition, compari-
sons varied from 60-year level of protection at Longview to l0-year level
protection at Castle Rock.

Identification of NED Plan

The NED plan is the measure which provides the greatest net benefit to the

nation's economy. As with the preliminary screening process and subsequent
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ordering of alternatives, maximization of net benefits guides the process of
siting and sizing the SRS and identification of the NED plan.

The costs considered in the analysis counsisted of all site preparation and
construction expenditures expressed in terms of annual amounts over a 50-year
period. The analysis also presents cost estimates for dredging and disposal
of sediment accumulating in the Columbia River chanmnel for each alternative
under both the base and with-project conditions. These costs are likewise
expressed in equal annuai amounts. The difference in costs between the base
condition and with-project condition for each alternative structure represents

the benefit or dollar savings each year for each alternative.

Average annual flood control benefits are directly related to the volume of
sediment removed and subsequent impact on water surface elevations in the
Cowlitz River. Based upon the total amount of sediment movement projected and
the annual rate of delivery to Cowlitz River, benefits for flood damage
prevention are computed both for the base condition and for each alternative

plan of the with-project conditionmn.

The analysis uses the following procedure in measuring flood control benefits.
It applies stage-damage analysis to leveed and unleveed areas from the Cowlitz
River mouth to the confluence of the Cowlitz and Toutle Rivers to measure
potential damages for a range of flood events. It delineates by type, loca-
tion, and ground floor elevation, all improvements in the flood plain. The
value of structures and contents are determined from tax assessment records,
valuation formulae applied to contents, or individual appraisals. Depth-
damage data from the Federal Insurance Administration and depth-damage
relationships developed for Portland District by an engineering consulting
firm supply the base for computing damages at various flood levels. The

hydrology component of the analysis assumed normal water year conditions.

The next step of the analysis develops stage-damage curves for 8 subreaches
along the lower 25 miles of the Cowlitz River, including I-5 and BNRR bridges,
highway and rail lines. Data from the stage—damage curves are then integrated
with stage frequency curves having a probability of occurrence ranging from

annual (.95 probability) to 1 in 500 years (.002). Appendix E presents the
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stage-damage methodology in detail. The analysis measures flood damages in
constant dollars. In fact, all costs and benefits in this report reflect cur-
rent 1984 dollars. For purposes of discounting costs and benefits incurred in

future years, the current Federal interest rate of 8-1/8 percent is applied.

Flood control benefits developed for each SRS alternative using the above
method are somewhat understated in that no credit is given for the capability
of SRS to reduce flood peaks during the early life of the project. Some
reduction in flood peaks would be accomplished by storing floodwaters, allow-
ing the settlement of material. The large SRS have greater storage capability
and consequently would realize more of these incidental benefits.

Furthermore, implementation costs associated with temporary evacuation meas-
ures are not included in residual damage estimates under the base condition.
Moreover, the costs resulting from disruption of waterborne commerce on the

Columbia River channel have not been included.

Given the criteria outlined above and based upon evaluation of the data in
this study. the NED solution is a single retention structure 177 feet high at
the Green River site. This plan is selected for the following reasons:

(a) it best meets the requirements of national economic development, yielding
the greatest net benefits of all plans considered; and (b) it also has the
physical capability to contain most of the material projected to be carried
into the Cowlitz and Columbia Rivers over the 50-year project life. It also
would cause the least disruption of the physical environment and related

resources.

0f the alterna&ive sites and various spillway height elevations considered,
the SRS at Green River provides the most effective and efficient solution,
given the total volume of material and rate of infill anticipated over a
50-year period. Chapter V describes the physical details of the structure.
Until completed, interim annual dredging of sediment from the Cowlitz River
would continue, maintaining existing channel capacity and level of flood pro-

tection in conformance with PL 98-63 (base condition).

The impact of the preferred plan on sediment movement is summarized in table

IV-3 and described in detail in appendix D. By trapping 299 mcy of sediment
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behind the SRS, the dredging requirements are reduced to 44 mcy from 184 mcy
under the base condition. The reduction in sediment entering the Cowlitz
River will cause erosion of the existing sediments and result in lower water
surface elevations at Castle Rock and Longview-Kelso as shown on figures IV-3
and IV-4.
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TABLE IV-3

PREFERRED ALTERNATIVE SEDIMENT MOVEMENT

(MCY)

50-Year Project Life

1985 - 2035

ESTIMATED AVALANCHE EROSION
TOUTLE RIVER \L

COWLITZ RIVER J,

COLUMBIA RIVER \L

341

TOTAL DREDGING REQUIRED 44

* - ASSUMES OPERATION EFFECTIVENESS 1987
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TOTAL EROSION BY 2035
PREVIOUSLY ERODED

TOTAL 50-Year EROSION

YIELD TO

EROSION

DEPOSITION (299 SRS RETENTION*
+ 29 DREDGING)

Yield to
Erosion
DEPOSITION

YIELD TO
EROSION

DEPOSITION (TO BE DREDGED)

TO MOVE THROUGH COLUMBIA RIVER
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Figure IV-3. Water surface elevation for NED plan at Castle Rock (RM 17.6).
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Table IV-4 summarizes the benefits and costs of all the alternatives evalu-

ated. It demonstrates that the SRS at Green River meets the maximum net

benefits criteria of the NED plan. It exhibits the highest benefit-to-cost

ratio of all the solutions considered.

Table IV-4

Net Average Annual NED Benefits

Base Condition

($ 000,000)

With-Project Condition

Cowlitz/
Columbia Toutle
Dredging Dredging

Site/Height Costsl Costsl

Reduction in Total
Avg. Annual Total Average Benefit-
Residual Annual Annual Net to-Cost

Damqggsz Benefits Costs Benefits Ratio

LT-3

107 $5.6 $17.7
132 5.6 17.7
162 5.6 17.7
KID VALLEY

118 $5.6 $17.7
163 5.6 17.7
208 5.6 17.7
243 5.6 17.7
318 5.6 17.7
GREEN RIVER

77 $5.6 $17.7
112 5.6 17.7
142 5.6 17.7
177 5.6 17.7
202 5.6 17.7
272 5.6 17.7
1.

$0.0 $23.3 $26.7  $-3.4 0.87
4.5 27.8 27.8 0.0 1.00
4.5 27.8 34.0 -6.2 0.82

$0.0 $23.3 $23.5  $-0.2 0.99
4.5 27.8 21.8 6.0 1.28
4.5 27.8 20.8 7.0 1.34
4.5 27.8 22.2 5.6 1.25
4.5 27.8 26.2 1.6 1.05

$0.0 $23.3 $23.9  $-0.6 0.97
4.5 27.8 20.3 7.5 1.37
4.5 27.8 18.0 9.8 1.54
4.5 27.8 17.9 9.9 1.55
4.5 27.8 20.0 7.8 1.39
4.5 27.8 25.8 2.0 1.08

These costs would be foregone with construction of a single retention structure.
Dredging costs which will be required in addition to a single retention structure
are included in the total annual with-project costs.

The average annual residual flood damages with the base condition are $7.1
million. With the larger SRS alternatives, the residual average annual damages
are reduced to $2.6 million; the difference of $4.5 million represents flood
control benefits attainable by the SRS.
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SENSITIVITY OF NED PLAN TO VARIATIONS IN SEDIMENT BUDGETS

General

In this report, a level of uncertainty exists in projecting future
conditions. This section examines the most critical future projection in the
Feasibility Report, the sediment budget, testing each alternative against

variations in sediment projections.

Methodology

Appendixes C and D present the details of the estimated sediment budget (here-
after depicted as E) of 650 mcy for the next 50 years. For comparative pur-
poses, this sensitivity analysis looks at two other sediment projections that
represent one-half the sediment budget (1/2 E) and 1-1/2 the sediment budget
(1-1/2 E). The Corps' current estimate of future sediment is the E sediment
budget, since it has the highest probability of occurring. The detailed
backup for this sensitivity analysis is provided in appendix E.

This section examines the consequences for a chosen alternative when assuming
one budget and a different one actually occurs. The section describes the
residual average annual flood damages and cost of continued dredging on the
Toutle, Cowlitz, and Columbia Rivers to maintain the base condition; and the
costs of the SRS at Green River under the three different sediment estimates
of 1/2 E, E, and 1-1/2 E.

Flood Damage Description for Various Storm Events

The following discussion describes the type and magnitude of flood damages for
the three different sediment budgets, occurring during flood events of various
frequencies. The varying levels of damage have been integrated with their
respective frequency of occurrence to develop the average annual flood damage
estimates. Total flood damages are indicated for various storm events and

sediment budgets in table IV-5. The scenarios described below represent the
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single occurrence of a flood event and its impact, given the base condition of
the existing river channel. Damages result from the failure of levees when
water surface elevations (river stages) exceed the safe height of each levee
system. Although flood damages for three different sediment budgets are
described below, the anticipated budget (E) is the only budget supported by

extensive modeling and research.

Table IV-5
Total Flood Damages
($000)
v Storm Event

Sediment Budget 10-Year 20-Year 50-Year 100-Year
1/2 E $ 3,667 $ 4,310 $121,012 $161,350

E 4,121 35,580 154,649 177,700

1-1/2 E 35,015 121,442 163,800 202,675

One-half Budget. Damages for the following events would be incurred given

one-half the anticipated budget.

a. Ten-Year Event. The ten—-year event flood levels would not exceed safe

height at any of the four leveed areas (Longview, Kelso, Lexington, and Castle
Rock). Transportation facilities (major highways and bridges) would not suf-
fer damages. Flood losses in the unleveed areas of the flood plain would
arise mostly from farms, residential improvements, and Castle Rock High
School. Total estimated flood damages for a 10-year flood event are
$3,667,000.

b. Twenty-Year Event. The 20-year event flood levels do not exceed safe

levee height at any of the four leveed areas and do not damage major transpor-
tation facilities. Flood damages to the unleveed areas of the flood plain,
mostly farms and residential improvements, would amount to $4,310,000, includ-
ing damages to Castle Rock High School. Total estimated flood damages for the
20-year flood event are $4,310,000.
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c. Fifty-Year Event. With one-half the sediment delivery, the 50-year

event flood levels exceed the safe heights of levees at Kelso and Castle Rock.
Estimated flood damages at Kelso would be $85,000,000, including those to
residential improvements, a major portion of the city's commercial district,
and the entire industrial park. Castle Rock would incur $31,000,000 in flood
damages, and the unleveed areas of the flood plain would experience $5,010,000
in damages. Major highway and railroad bridges near the Toutle River mouth
would incur flood damages of $2,000. Levee safe height at Longview and
Lexington would not be exceeded. Total estimated flood damages for the
50-year event with a one-half budget are $121,012,000.

d. One Hundred-Year Event. The 100-year event would exceed the safe

height of all existing levees except Longview. Kelso would experience
$88,000,000 in damages. Lexington would incur $35,000,000 in damages, and
Castle Rock, $32,200,000. Unleveed flood plain lands would have damages of
$5,980,000, and highways, railroads, and bridges comprising the transportation
corridor would experience estimated flood damages of $170,000. Total esti-

mated flood damages resulting from a 100-year event are $161,350,000.

Estimated Budget. Damages for the following events would be incurred under

the anticipated sediment volume.

a. Ten-Year Event. The ten-year event flood levels do not exceed safe

height at any of the four leveed areas (Longview, Kelso, Lexington, and Castle
Rock). Flood damages in the unleveed areas of the flood plain would affect
mostly farms, ,residential improvements, and Castle Rock High School. The
transportation corridor is not affected by the 10-year event. Total estimated

flood damages for a 10-year flood event are $4,121,000.

b. Twenty-Year Event. The 20-year event flood levels do not exceed safe

levee height at Longview, Kelso, or Lexington, and do not damage major trans-
portation facilities. The Castle Rock levee safe height is exceeded, and
estimated damages of $30,800,000 would occur. The major portion of this city
would be inundated, flooding residential and commercial properties. Castle
Rock has no industrial area. Flood damages to the unleveed areas in the flood

plain, mostly farms and residential improvements, would amvent to $4,780,000,
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including damage to Castle Rock High School. Total estimated flood damages
for the 20-year flood event are $35,580,000.

c. Fifty-Year Event. The 50-year event flood levels exceed the safe

heights of levees at Kelso, Lexington, and Castle Rock. Estimated flood dam-—
ages at Kelso would be $86,200,000, including residential improvements, a

ma jor portion of the city's commercial district, and the entire industrial
park. Damages at Lexiﬂgton, amounting to $30,800,000, mostly concern residen-
tial properties but include a large BPA electric substation. Castle Rock
would experience $32,000,000 in damages, an increase of less than 4 percent
from the 20-year event. The unleveed area in the flood plain would experience
$5,640,000 in damages, an increase of about 18 percent over those of the
20-year event. Major highway and railroad bridges near the Toutle River mouth
would incur flood damages of $9,000. The levee safe height at Longview would
not be exceeded. Total estimated flood damages for the 50-year event are
$154,649,000.

d. One Hundred-Year Event. The 100-year event would exceed the safe

height of all existing levees. Longview would experience an estimated
$9,400,000 in flood damages. This amount is relatively small (less than 0.5
percent) compared to the damage potential ($1.3 billion) of this city. The
damages would occur mostly to residential and suburban-type commercial enter-
prises located at low elevations within the Longview Diking District. Kelso
would have $89,700,000 in damages, an increase of about 4 percent from the
50-year event. Lexington would undergo $37,500,000 in damages, an increase of
about 22 percent beyond the 50-year event. Castle Rock would incur about
$33,000,000, an increase of about 4 percent over the 50-year event. Unleveed
flood plain lands would receive damages of $6,970,000, an increase of about 23
percent; while highways, railroads, and bridges comprising the transportation
corridor would experience estimated flood damages of $1,200,000, an increase
of 133 percent from 50-year flood levels. Total estimated flood damages
resulting from a 100-year event are $177,700,000.

One and One-half Budget. Damages for the following events would be incurred

in the event that sediment volume delivered was 50 percent greater than the

amount anticipated.
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a. Ten-Year Event. The ten-year event flood levels do not exceed safe

height at three leveed areas: Longview, Kelso, and Lexington. The levee safe
height at Castle Rock is exceeded and estimated flood damages of $30,500,000
would occur. Inundation of leveed areas of the flood plain will damage
residential imprbvements and farms in these areas, including the high school
at Castle Rock. The transportation corridor is not affected by the 10-year
event. Total estimated flood damages for a ten—year flood event are
$35,015,000.

b. Twenty-Year Event. The 20-year event flood levels do not exceed safe

levee heights at Longview and Lexington and would cause only minor damage to
transportation facilities. The safe heights of Kelso and Castle Rock levees
are exceeded, resulting in $84,000,000 and $32,000,000 damages, respectively,
to those communities. Major portions of these cities would be inundated,
causing damage to residential and commercial properties. Damages to unleveed
areas would amount to $5,442,000. Total estimated flood damages for a 20-year
flood event would be $121,442,000.

c. Fifty-Year Event. The 50-year event flood levels exceed the safe

heights of levees at Kelso, Lexington, and Castle Rock. Estimated flood dam-
ages at Kelso would be $88,000,000, including residential improvements, a

ma jor portion of the city's commercial district, and the entire industrial
park. Damages at Lexington, amounting to $33,000,000, mostly concern residen-—
tial properties but include a large BPA electric substation. Castle Rock
would experience $33,000,000 in damages. The unleveed area of the flood plain
would experience $9,740,000 in damages. Major highway and railroad bridges
near the Toutle River mouth would incur flood damages of $60,000. Levee safe
height at Longview would not be exceeded. Total estimated flood damages for
the 50-year event are $163,800,000.

d. One Hundred-Year Event. With a 50 percent greater sediment budget

than planned, a 100-year event would exceed the safe height of all existing
levees. Longview would experience an estimated $12,500,000 in flood damages.
This amount is relatively small (less than 1 percent) compared to the damage
potential ($1.3 billion) of this city. The damages would occur mostly to

residential and suburban—-type commercial enterprises located at low elevations
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within the Longview Diking District. Kelso would have $91,000,000 in damages,
Lexington would incur $41,000,000 in damages, and Castle Rock would receive
about $34,000,000. Unleveed flood plain lands would undergo damages of
$10,175,000; and highways, railroads, and bridges comprising the transporta-
tion corridor would experience estimated flood damages of $14,000,000. Total
estimated flood damages resulting from a 100-year event are $202,675,000.

Summary. While the flood damages from using the 1/2 E budget are lower than
those from the E budget, significant damages still occur. The flood damages
for 50- and 100-year events with the 1/2 E budget are close to those antici-
pated for E. In addition, if temporary evacuation of residents in the Cowlitz

River flood plain were required, the cost would be $26 million.

Maintenance of the existing temporary structures will provide some benefits.
Half of the freeboard can be used to reduce the base condition's residual
average annual damages. However, this results in less than a 10 percent
reduction. For the temporary structures to be rebuilt to their original
condition, some of the existing temporary structures would need removal at a

cost of $614,000 and complete replacement at a cost of $2.1 million.

Costs and Residual Flood Damages of Continued Dredging

Continued dredging to maintain the base condition represents a flexible method
for dealing with different sediment levels as initial fixed costs are held to
a minimum. As different levels of sediment migrate through the river system,
they are dealt with to the extent practicable. The average annual cost (AAC)
of the dredging alternative for 1/2 E are $8.0 million, for E the AAC are
$23.3 million, and for 1-1/2 E the AAC are $46.9 million.

The different levels of sediment deposition in the Cowlitz River associated
with 1/2 E and 1-1/2 E will result in different residual average annual flood
damages (AAD) than those shown in appendix E. The dredging alternative will
maintain a greater level of flood protection when less sediment enters the
Cowlitz. The AAD for the dredging alternative with 1/2 E are $3.6 million,
with E the damages are $7.1 million, and with 1-1/2 E they are $9.8 million.
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Costs and Residual Flood Damages for Green River SRS

The costs for a Green River SRS and the associated downstream measures vary
with projected sediment budgets. Assuming a budget of E, the SRS with the
highest net benefits would be at Green River with a height of 177 feet. If
the 177-foot SRS is constructed, variation in downstream costs will occur with
different sediment budgets. The average annual costs of the 177-foot SRS plan
and downstream measures .for 1/2 E are $13.3 million, for E the AAC are $17.9

million, and at 1-1/2 E, AAC are $27.8 million.

If, however, a budget different from E is projected to occur, then the best
SRS plan would be at a different height than 177 feet. For example, if 1/2 E
is expected, the plan with the highest net benefits would be an SRS at Green
River of 112 feet, while an SRS at Green River of 202 feet would be the best
plan with an expected budget of 1-1/2 E. Here again the total plan costs will
vary with different actual budgets because of downstream action costs. The
table below summarizes the different AAC of SRS alternative with the different

sediment budgets.

Table IV-6
Average Annual Costs
($ 000,000)

Green River SRS Green River SRS Green River SRS
112 feet 177 feet 202 feet
Actual D/S D/s D/s
Budgets Structure  Actions|Structure Actions|Structure Actions
With 1/2 E 8.0 3.3 11.2 2.1 13.4 2.0
With E 8.0 12.3 | 11.2 6.7 13.4 6.6
With 1-1/2 E 8.0 31.0 11.2 16.6 13.4 11.0

The residual average annual damages with the SRS are $2.4 million for 1/2 E,
With the 1-1/2 E budget, the AAD are $8.7, $7.0, and
$4.7 million for the three different sized SRS's.

$2.6 million with E.

from how fast the structure fills in with sediment.
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Comparison of Dredging and SRS

Table IV-7 presents the results of the sensitivity analysis. This matrix
shows the nine possible combinations of structure design for one of three
sediment budgets (1/2 E, E, 1-1/2 E) and the resulting costs and damages of
actually incurring one of the three budgets. As stated above, if different
budgets are expected, a different height of the Green River SRS would be
required. That 1s, if more sediment were expected, a higher dam would be
built. Each block in table IV-7 compares the total AAC and residual average
annual flood damages (AAD) for the dredging and Green River SRS alternatives.
The center block of this matrix represents the most likely future condition
used for evaluation in this feasibility report. By comparing the sum of AAC
and AAD in each block, one can identify the total cost to the economy and the

least costly alternative under each scenario.
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Table IV-7

Sensitivity Matrix

DESIGN FOR:
ACTUAL
BUDGET SRS @ 112 ft SRS @ 177 ft SRS @ 202 ft
1/2 E E 1-1/2 E
SRS AAC 11.3 (SRS AAC 13.3 SRS AAC 15.4
AAD 2.4 AAD 2.4 AAD 2.4
13.7 15.7 17.8
1/2 E
D AAC 8.0 (D AAC 8.0 |p AAC 8.0
AAD 3.6 AAD 3.6 AAD 3.6
11.6 11.6 11.6
SRS AAC 20.3 |SRS AAC 17.9 (SRS AAC 20.0
AAD 2.6 AAD 2.6 AAD 2.6
22.9 20.5 22.6
E
D AAC  23.3 |D AAC  23.3 |D AAC  23.3
AAD 7.1 AAD 7.1 AAD 7.1
30.4 30.4 30.4
SRS AAC 39.0 (SRS AAC 27.8 |SRS AAC 24.4
AAD 8.7 AAD 7.0 AAD 4.7
47.7 34.8 29.1
1-1/2 E
D AAC  46.9 |D AAC  46.9 |D AAC  46.9
AAD 9.8 AAD 9.8 AAD 9.8
56.7 56.7 56.7

In all cases, if the 1/2 E budget actually occurs, then the dredging alterna-
tive represents the least cost plan. Alternatively, if E or 1-1/2 E budgets

actually occur, the Green River SRS alternative is less costly than dredging

for the three different sized SRS.

Another approach to the sensitivity examines the consequences of committing to
an alternative based on an expected budget and then incurring a different

budget. Since the best estimate of sediment movement is E, the following dis-

cussion examines the consequences of designing for this budget.
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If the SRS of 177 feet is constructed in anticipation of the E budget and the
1/2 E budget occurs instead, the sum of AAC and AAD for dredging would be
$11.6 million or $4.1 million less than the SRS costs and damages of $15.7
million. However, if the E budget actually occurs, then the 177-foot SRS plan
would represent a cost and damage saving of $9.9 million ($30.4 - $20.5
million) over dredging. Finally, if the 177-foot SRS is constructed and the
1-1/2 E budget occurs, then the SRS would have a cost and damage advantage of
$21.9 million ($56.7 million - $34.8 million) over the dredging alternative.

The breakeven point for the percentage of the sediment budget that would have
to occur to produce the same costs for dredging and SRS is shown on figures
IV-5 through IV-7 for each design scenario. Figure IV-6 shows that if the
177-foot SRS were built, it would have less costs and damages than dredging as

long as 0.65 E, or volume in excess of 0.65 E occurs.

Conclusion of the Sediment Budget Sensitivity Analysis

If the NED plan discussed in this report were built in anticipation of the E
budget, and 1/2 E actually occurs, then the least costly alternative was not
chosen. However, if the NED plan were built and 0.65 E, or something greater
actually occurs, then the NED plan represents a less costly alternative than

long-term dredging.

Risk Analysis - Extreme Events

General. The first component of the sensitivity analysis demonstrated the
relative advantages of the Green River SRS and continued dredging alternatives
for different levels of sediment movement. The sensitivity analysis
concentrated upon each plan's effectiveness in dealing with projected average
annual movement of sediment. As explained in appendix C, movement of sediment
over time is expected to vary widely from the average annual condition. The
remainder of this sensitivity section describes
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the risks assoclated with each alternative's ability to handle events generat-
ing greater than average sediment movements. Since it is impossible to pre-
dict the exact timing of non-typical hydrologic events and mudflows, they are
not included in the evaluation process. This section demonstrates that the
selection of the NED plan is segsﬂ;ixg to extreme sediment transport events
and their associated risks Qf'Iﬁcreased flood damages and navigation inter-
ruptions. The selection of theé best plan must consider the risks associated

with large sediment movement events.

Methodology. Two large sediment generating events are discussed below, mud-
flows and infrequent storm events. Mudflows are generated in two ways:

(1) the failure of impoundments holding large volumes of water, and (2) vol-
canic eruption of hot gasses that result in rapid snowmelt. Since the
impoundments containing lakes on the debris avalanche are no longer in danger
of failing, volcanic eruptions would be the primary cause of mudflows in the

future.

Rare frequency storms are typically caused in the Toutle Basin by large
accumulations of snow, followed by rapid increase in temperatures and heavy
rainfall which results in large floodflows. See appendix D for descriptions

of these events.

Because of the large supply of material available in the debris avalanche, the
magnitude of sediment movement for the mudflow and 100-year events remains
constant over the 50-year period of analysis. Also, the sediment magnitude of
each event is the same under the 1/2 E, E, and 1-1/2 E budgets. As discussed
in appendix D, the mudflow event evaluated here is 75 mcy in the upper North
Fork of the Toutle River. It is estimated that this event would deposit 14
mcy of sand in the Cowlitz River and 6 mcy in the Columbia navigation channel.
Under the no-action condition, the 100-year flood event will deposit 3.6 mcy
in the Cowlitz River and 6.7 mcy in the Columbia navigation channel. The
risks associated with these two extreme events are evaluated below for both

the base condition (dredging) and SRS using different sediment budgets.

Base Condition (Continued Dredging). The dredging alternative constitutes a

reactive plan, since it removes sediment that has settled in the Cowlitz,
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Toutle, and Columbia Rivers. Consequently, this alternative iacurs the high-
est risks associated with both the mudflow and the 100-year flood events. The
sediment quantities discussed above would require removal to maintain the base

condition levels of protection and navigation channel depths.

The timing of mudflows and 100-year events 1s critical to the assessment of
risks. For example, if the mudflow event occurred in the late fall to spring,
the Cowlitz River could not be dredged in time to restore channel conditions
for the remaining flood season. The added deposition at this time would sub-
stantially increase the flood risk. For example, if 14 mcy from the mudflow
could not be dredged before the flood season, flood elevations would increase.
Correspondingly, protection levels would drop drastically and average annual
damages for that flood season would increase from $7.1 million (base condi-

tion) to in excess of $80 million.

Similarly, in the Toutle basin it is likely that under the base condition the
100-year flood event would occur early in the winter and deposit 5.2 mcy in
the Cowlitz River, increasing flood risks throughout the remainder of the
flood season. This would increase average annual flood damages from $7.1
million to $13 million. If these large events happen at the end of the flood
season or through the summer, then the increase in flood risks are minimal,
provided the material is removed prior to the following winter. However, the
risks associated with interruptions to navigation in the Columbia River caused

by the 5.1 mcy deposition remain essentially the same throughout the year.

The costs of removing this material would increase over time as the least
expensive disposal sites are filled in. Using a weighted average of the
per—-unit dredging costs over the next 50 years, the expense of dredging
materials from the mudflow and 100-year flood to restore the base condition

are shown below.
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; eﬂgng/,///
Dredging Costs with(Mudflow and 100-Year Event!

Columbia Cowlitz

mcy cost mey cost Total Costs
Mudflow 6 $18,600,000 14 $49,000,000 $67,000,000
100-year Event 5.1  $15,800,000 5.2 $18,200,000 $34,000,000

1. Computed as the weighted average of dredging costs in the base condition.

The years in which the mudflows and 100-year event would occur are impossible
to predict. Based on historic records, however, volcanic activity is more
likely to occur early in the 50-year evaluation period than later. Also, a 40
percent risk exists of a flood exceeding the 100-year flood within the next 50
years. Similarly, the risk of a flood exceeding the 50-year frequency flood
in the next 50 years is 64 percent.

SRS Alternative. The effectiveness of the SRS alternative in storing sediment

of mudflows and low frequency floods depends upon the size of the structure
and the available reservoir storage. The higher the structure, the greater
availability of storage over a longer time frame. Table IV-9 shows how long
each of the four different-sized SRS alternatives would have adequate storage
capacity to accommodate the entire 75-mcy mudflow and/or the 100-year flood
event. This table assumes average annual sediment movement up to the dates

shown.
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Table IV-9
Years in Which SRS Alternatives Are No Longer Effective
in Storing Mudflows and 100-Year Eventsl

77-foot 112-foot 177-foot 202-foot
Mudflow 100-Yr Mudflow 100-Yr Mudflow 100-Yr Mudflow 100-Yr

1/2 E 1987 1987 1988+ 1988+ 1993 2002 2004 2022
E 1987 1987 1988+ 1988+ 1991 1995 - 1994 1999
1-1/2 E 1987 1987 1988+ 1988+ 1989 1991 1991 1994

1. Assumes that average annual inflow of sediment occurs up to this date and
the mudflows or 100-year events occur in the years shown.

Figure IV-8 graphically presents the 100-year flood event. As the plot of the
1/2 E budget shows, for every 10 feet of structure height beyond 177 feet, the
capacity to handle the 100-year flood is extended an additional 8 years. 1In
contrast, for every 10 feet of dam height up to 112 feet, less than 1 year of
effectiveness is added. The slope of the lines in figure IV-8 define the
marginal reduction in risks associated with the rare events due to changes in

structure heights.

These curves demonstrate that with the 1/2 E budget, structures in excess of
142 feet are the most efficient for dealing with rare events. Although rela-
tive advantages are not as well defined for the E and 1-1/2 E budgets, it
appears that structure heights in excess of 160 feet (for E) and 190 feet (for
1-1/2 E) are more efficient for handling the 100-year flood event. These same

general conclusions hold for the mudflow event.

The risk of flooding and navigation interruption associated with the mudflow
and 100-year event are nil up to the time described in table IV-9. After
these effective dates, the SRS will lose its capacity to trap the entire sedi-
ment movement; and flooding risks will eventually increase to the levels of

the dredging alternative. Each structure will, however, be able to partially
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reduce sediment movements after the dates shown in table IV-9. One other
inherent advantage of the SRS alternative over the base condition is that
during the years in which the SRS is efficiently storing material, the Cowlitz
River streamflow will act to scour out sediments. This will increase channel
capacity and produce a higher level of protection in the Cowlitz. Therefore,
when the SRS is no longer able to contain the mudflow or a large flood event,
any subsequent deposition in the Cowlitz River would result in a smaller
increase in average annual damages than provided by the dredging alternative.
Furthermore, with the SRS, the amount of dredging in the Cowlitz, Toutle, and
Columbia Rivers is much smaller than with the base condition; and the less
expensive dredge disposal sites are not exhausted as rapidly. As such, the
per—unit costs for required dredging after a mudflow or 100-year flood would
be less with the SRS alternative than under the base condition.

Summary of Dredging and SRS Comparison. The SRS alternatives substantially

reduce risks of increased flood damages and navigation interruptions due to
large mudflow events and rare frequency floods. The size of the structure
determines how many years the SRS will be able to store these large events.
For example, with the estimated budget (E) the 77-foot-high SRS will be able
to completely accommodate the 100-year event only until 1987, while the
202-foot-high SRS will be effective until 1999. If the large events occur
within the SRS effective time frames, downstream impacts are significantly
reduced by the structure and a substantial reduction in risks is realized,

compared to the dredging alternative.

With the drédging alternative, a design mudflow event would cause substantial
flood damage and also clog the Cowlitz River channel. 1If this sediment
deposition in the Cowlitz could not be removed before the flood season, the
potential average annual damages (AAD) would increase by about $72.9 million.
The costs of removing the sediment deposited by a mudflow event is $49 million
in the Cowlitz and $18.6 million in the Columbia River. None of these costs
will be incurred if the SRS has capacity to completely store the event.
Similar findings occur with the 100-year event. Even when the storage
capacity of the SRS alternative has been reduced to a level that cannot
completely contain the large events, the SRS alternative would continue to
provide advantages over the dredging altermative. These advantages include:

(1) partial containment of large event
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sediments, (2) less average annual flood damages because of scouring in the
Cowlitz River up to the date of the rare event, and (3) reduced per-unit

dredging costs of both the Cowlitz and Columbia Rivers.

Sensitivity of Sizing of SRS to Handle Large Events. The ability of any SRS

to handle a large influx of sediment from mudflows and rare floods diminishes
over time as the structure fills with sediment. Figure 1IV-8 shows, for the
range of sediment budgets, the years in which the different sized SRS lose
their capacity to store the entire sediment amounts generated by a large

event.

The slopes of the curves in figure IV-8 demonstrate the marginal changes in
the ability to store mudflows and rare flood events based on SRS heights. The
flatter portions of the curves represent the range of SRS heights in which
each additional foot of structure substantially reduces the downstream risks

from mudflows and the 100-year event.

If the 1/2 E budget occurs, any SRS higher than 142 feet provides definite
advantages over the lower structures in terms of reducing risks associated
with rare events. Consequently, if the projected budget were 1/2 E, selection
of a preferred plan would be sensitive to accounting for the risks of mudflows
or rare flood events. As stated earlier in this chapter, the best plan with a
1/2 E budget is 112 feet high. But, based on this risk analysis the preferred
plan would be a project in excess of 142-foot height.

For the estimated budgets E and 1-1/2 E, selection of the preferred plan does
not appear to be sensitive to the risks associated with rare events. That is,
the changes in risks for deviating from the NED plan are minimal and do not
warrant building a higher structure. With the estimated sediment budget (E)
the NED plan is a 177-foot-high structure able to store the entire 100-year
event up to year 1995. By constructing the next highest structure of 202
feet, 4 more years are added to the structure's ability to handle a 100-year
event. Since it is impossible to determine when the 100-year flood or mudflow
would occur, the economic value of 4 more years of protection could not be
established. The incremental structure cost for a 177-foot to 202-foot struc-
ture raise is in excess of $30 million and is not warranted by the indetermi-
nant reduction in risks.
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Conclusion. For the estimated budget (E), the selection of a plan other than
the NED plan is not sensitive to considerations of rare mudflow or flood
events. If 1-1/2 E budget were expected, the 202-foot-high NED plan provides
a reasonable degree of protection from rare flood events. However, if the 1/2
E budget were expected, the NED plan would be a 112-foot-high structure accom-
modating mudflows and 100-year events only until 1987. With 1/2 E, a 177-foot
structure could accommodate a 100-year event until 2002. Consequently, the
selection of a preferred plan may be sensitive to mudflows and rare flood

events if the 1/2 E budget is expected.
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CHAPTER V - THE PREFERRED PLAN

OVERVIEW

Chapters II through IV presented the formulation process used to develop the
NED plan. This chapter discusses the factors considered in identifying the
preferred plan, describes the elements of the plan, outlines anticipated

direct and indirect benefits, and summarizes total costs and benefits.

The NED plan, a 177-foot structure at Green River, was selected because it is
$117 million less than its nearest competitor, a 142-foot structure at the
same location. The principles and guidelines used for Federal studies require
designation of the NED plan as the preferred plan unless overwhelming evidence
justifies another selection. This report examines factors beyond the benefits

attributable to impacts on the average annual sediment projections.

The structure should contain either a design mudflow of 75 mcy or the sediment
delivered by a 100-year event in the first years of the life of the project.
Since the early years are the most susceptible to risks created by large sedi-
ment movement, no additional provisions are considered necessary for the
project. As sediment deliveries decrease with time, significant risks created
by lafge events are reduced. Should revised long-term projections indicate an
increase in sediment delivery over projected quantities, provisions can be

made to raise the structure.

As the discussion on the sensitivity of the NED plan notes, the 177-foot
structure provides, during the first years of its life, enough capacity to
contain either a design mudflow or the sediment delivered by a 100-year event.
The 177-foot structure provides approximately 100 mcy more storage over its
50-year life than does the 142-foot structure. This additional storage allows
the 177-foot structure to capture sediment from extreme events longer than the

142-foot structure and at a lower total cost.

The operation of the 177-foot structure was tested for both the 100-year flood
and the design mudflow to compare to the with-project and without-project
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conditions. Routing of the 100-year flood shows that conditions will not be
worsened at either the structure site or at downstream damage centers. Con—
struction of the structure will not worsen the effects of the design mudflow
at the structure or immediately downstream. Effects of the structure on the
mudflow peak and duration at downstream damage centers has not been fully

evaluated.

During public and agency review of the Comprehensive Plan, Washington State,
local govermments and various resource agencies supported a single retention
structure upstream of the Greem River confluence with North Fork Toutle River.
Reasons for the selection of this alternative included upstream sediment
trapping and minimum impact to the fishery, land use and tesidents.- The NED
plan fulfills the desires of these important groups (see chapter VIII).

Briefly, the preferred plan consists of a single retention structure at the
Green River site as shown on figure V-1, downstream dredging and some levee
reinforcement. This plan fulfills the primary objectives of reducing flood
hazards at communities along the lower Cowlitz River while reducing dredging
requirements in the Columbia River navigation channel. In its combination of
elements, the plan offers maximum flexibility to respond to changing condi-
tions in the unstable Toutle River Basin enviromment caused by eruptions of
Mount St. Helens. The plan also incorporates the recommendations of Cowlitz
County's Toutle—-Cowlitz Watershed Management Plan which advocates measures to
block sediment upstream and recommends remedial actions to prevent flooding
anticipated before implementation of long-term actions. The Corps' preferred
plan would prevent sediment and debris from moving downstream, while the
dredging would remove material already in the system or that moves through the
Toutle River during construction of the SRS.

PREFERRED PLAN ELEMENTS

The Single Retention Structure

Description. The design and construction methods employed for this structure
reflect normal dam design criteria and will address safety and operational
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Figure V-1.

SRS at Green River sgite.
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characteristics. The dam would be a roller compacted concrete structure built
on the North Fork Toutle River at RM 13, just above the mouth of the Green
River. It would trap sediment and debris while allowing water to pass through
an outlet works or over a spillway. When completed, the dam would rise 315
feet high above foundation grade or 177 feet above existing ground and extend
4,400 feet in length, with a spillway 600 feet wide. Ultimate sediment
storage capacity would be 411 mcy, sufficient to retain the 299 mcy of

material anticipated to deposit during the project life of 50 years.

Several alternative dam designs could achieve the desired end result. Final

choice of design will be made during the detailed design phase.

The first feature constructed under the plan would be a large cofferdam
upstream of the damsite and the right abutment outlet works. The cofferdam
would serve two purposes. First, it would divert river flows around the work
site; and secondly, it would serve as a small interim sediment retention
structure. Retention of sediment behind the cofferdam at the earliest possi-
ble date will significantly reduce downstream actions. Once the main struc-
ture is constructed to a functional elevation higher than the cofferdam, the
cofferdam will be abandoned in place in the impoundment area behind the main

structure.

The main spillway would be built 155 feet above the existing streambed. Given
normal hydrologic conditions, this height will create capacity adequate to
capture nearly all problem-causing sediment debris anticipated to erode from
the debris avalanche between 1987 and 2001, In addition, this structure
provides enough storage and retention capability for sediment yielded during a
100-year flood until 1995. It has similar capability for a design mudflow
until 1991. Using outlet works in the structure permits varying the size and
depth of the pool extending upstream behind the structure to retain sediment
produced during various storm events. During a major storm, a large pool
would form, allowing more material to settle out prior to reaching the struc-

ture and outlet works.

The structure in its present design not only retains sediment but also pro-

vides limited flow control through a notched spillway or a regulating outlet.



However, flow control declines over time as the pool fills and is considered
incidental to the structure with no benefits claimed.

Design of the Structure. Initial engineering activities would focus on design

of the structure to trap sediment. Assuming receipt of design funds for
fiscal year (FY) 1985, (October 1984 through September 1985), design work
could be done during FY 1985 so that construction on the cofferdam and outlet
works could be initiated in 1986 and completed in 1987.

a. Preliminary Design of the Structure. Preliminary analysis of the

Green River site showed the foundation composed of competent basalt, indicat-
ing that it could provide adequate support for the proposed structure. Before
carrying forward the design, some additional field surveys and explorations
may be necessary. All studies required to satisfy Corps' design standards

would be carried out.

A technical appendix summarizing preliminary engineering studies and design is
included in appendix D.

b. Sizing of the Spillway. Under normal conditions, a spillway is sized

to pass the probable maximum flood (PMF). However, given the instability of
the upper Toutle River Basin and the necessity for providing the greatest
possible margin of safety, the spillway for the retention structure would be
sized to pass a sediment bulked PMF with 5 feet of freeboard during the proj-
ect life.

The preliminary design assumes that Spirit Lake and other upper basin lakes
are stabilized. Therefore, hypothetical lake breakouts have not been used as
a basis for sizing the spillway. However, the structure would be designed to
withstand overtopping in the event of some major event. This insures that
even under these conditions the presence of the structure does not aggravate

downstream conditions.

Table V-1 shows the peak discharges at the Green River site for normal annual

flows, low frequency floods, and the probable maximum flood.




Table V-1

Peak Discharges For Normal and Possible Flows
At Green River SRS Location

Type of Flow Peak Discharge
(cfs)

Mean Daily Flow 1,254
10-Year Flood 13,900
50-Year Flood 17,700
100-Year Flood 19,600
500-Year Flood 23,700
Probable Maximum Flood (PMF) 107,000
Sediment Bulked PMF 176,000

As the table indicates, the peak discharge for the probable maximum flood is
107,000 cfs. Estimates of the peak discharge for the PMF were increased to
include sediment entraimment of 65 percent, resulting in a peak discharge of
176,000 cfs.

As sediment infills behind the structure, detention time is decreased (ulti-
mately a run of river configuration) and an additional height of dam crest may
be required as an added safety margin. This would prevent outflanking and
overtopping of the structure by the sediment such as occurred at debris reten-

tion structure N-1.

c. Stilling Basin. A stilling basin for dissipating the energy generated

by the spillway discharges will be built as a feature of the dam. Designed to
minimize downstream erosion, the basin will be founded on a layer of select
fill placed over the foundation gravels and tied to bedrock with anchors. The
physical size of the basin and details of materials and construction will be
determined in the design phase of the project.

d. Sizing of the Dam. Over the 50-year project life, the dam eventually

could retain 299 mcy of sediment (see appendix D). Initially this material
would fan out in the upstream end of the pool behind the structure, eventually
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migrating toward the dam. To determine the amount of sediment and the size of
dam needed to retain it, required an estimate for the upstream slope of
retained sediment. Based upon recommendations from the Corps Waterways
Experiment Station staff and experience gained from monitoring DRS N-1, an
upstream slope of one-half the natural river grade was used to develop the
potential storage availability. A curve was then generated in order to plot
sediment storage capacity for varying spillway heights. This curve showed
that a structure built to retain 299 mcy of sediment would require a spillway
155 feet high.

Downstream Actions

The second element in the plan addresses the immediate problem of sediment now
moving through the rivers. Some 20 mcy is estimated in the system, migrating
downstream in waves. As the river scours at one site, that material deposits

at other points along the river.

To trap sediment now in the system and anticipated to move through it during
construction of the retention structure, downstream dredging would occur at
two sites on the Toutle (LT-1 and iT—3). Material dredged from the river at
these sites would be placed in disposal areas outside the 100-year flood
plain. Of the sites considered, the Toutle locations offered a number of
advantages. First, they have been identified as natural deposition areas;
second, they were used successfully to excavate sediments during emergency
actions following the 1980 eruptions; and third, with access roads already
established, work could begin quickly. Finally, these locations have the
greatest amount of potential disposal areas available nearby. This not only

reduces the cost of dredging, but also minimizes impacts on the environment.

The downstream dredging contributes to the flexibility of the plan. The level
of dredging activity can increase at a given location or cease altogether at
another if the region experiences a short rainy season. However, dredging
does have limited efficiency. Even with continual dredging at both sites, not
all the material currently in the system can be trapped and removed. A large
storm or two closely-spaced storms could transport more sediment than the

basins hold. In addition. the dredging equipment has a limited capacity.
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The basins would be operated to remove the majority of material flowing into
the Cowlitz. Thus, if operations were begun in FY 85, 14 mcy of the sediment
yield predicted in the sediment budget would need removal from the basins in
order to prevent sediment from moving into the lower Cowlitz River. During FY
1987-1988, some sediment would be trapped by construction activities during
the initial stage of the structure. Once the structure is in place, only
minimal downstream dredging would be required because the Cowlitz and Columbia
Rivers have the capacity to transport all of the material expected to erode

below the structure.

The projected sediment budget will vary from year to year, depending on the
severity and timing of storms. Operations at the sediment stabilization
basins will be evaluated yearly. Some material could continue to pass into
the Cowlitz, but the reduction in sand yield will increase the transport
capacity of the Cowlitz River. Sediment accumulated in the riverbed would
erode and move into the Columbia River where normal maintenance dredging

operations would handle the material as needed.

Under the preferred plan, dredging requirements on the Columbia River would be
reduced compared to the no—action condition. Dredging would be confined to
the mouth of the Cowlitz River, and for several years the Corps will use
available disposal sites along the Columbia River. Early costs will reflect
the expensive inland disposal sites, while long-range costs will reflect ocean

disposal.

Other Miscellaneous Actions

In addition to the single retention structure and downstream dredging, imple-
mentation of the plan may also require other minor actions to insure the con-
tinued effectiveness of the plan. Specific work locations have not been
identified; however, work activities are expected to include localized rein-
forcement and repair of existing levees and placement of limited amounts of

revetment to prevent excessive bank erosion or damage to existing structures.
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Fish and Wildlife Measures

The project contains features to minimize impacts on fish and wildlife
resources. The primary measure is a fish bypass facility at the single reten-—
tion structure. While additional planning and engineering is necessary to
determine the complete feasibility of such a facility, preliminary study
indicates that passage can be provided. Conceptually, these facilities would
consist of a trap and haul operation for adult migrants (adult migrants would
be trapped at the foot of the structure and hauled in vehicles upstream of the
dam for release), with juvenile passage occurring as part of water releases
through the regulating outlet and spillway. The Federal government would pay
the cost of construction and evaluation of these facilities, while operation
and maintenance would be a State responsibility. The construction costs for
these facilities are not separately broken out in table V-2 (Cost Summary).
However, the trapping expense is included in the line item "Miscellaneous
Works ,” while the hauling expense is contained in the total for "O&M Monitor-
ing.” Preliminary estimates indicate about $1,000,000 for construction and

$75,000 for annual operation and maintenance.

To minimize wildlife impacts associated with the preferred plan, the Corps
would manage the reservoir and disposal lands to provide wildlife habitat.

CONSTRUCTION

Preliminary Construction Requirements

Preparations for construction of the retention structure would require some
rerouting of roads, clearing of land in the proposed impoundment area, and
diverting the North Fork Toutle River. Currently, the State of Washington is
studying the public need for State Highway 504, which parallels the North Fork
Toutle River at the Green River site. Therefore, requirements for relocation
of this highway have not been included in the project estimate (see chapter X
for further discussion). Land behind the retention dam would be cleared of
floatable debris to prevent debris from clogging the proposed outlet works.
Finally, North Fork Toutle River would be diverted by means of a cofferdam and
construction of the outlet works. Figure V-2 below presents the proposed

construction schedule.
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Final Project Condition

In its final condition, the storage behind the structure will be completely
full of sediment. At this point, the structure will not have any reserve
capacity to regulate flows, mitigate mudflows, or retain sediment. The proj-
ect will basically become a run-of-the-river project, allowing all inflow to

pass on downstream.

MAINTENANCE AND MONITORING -

Once in place, the single retention structure as a Federally operated project
would require inspection on a regular basis and maintenance to correct
problems affecting the operation of the structure. The inspection would
comply with established dam safety inspection and evaluation regulations.
Potential maintenance items include repairing damage to the surface of the
spillway crest, face and stilling basin caused by sediment erosion and scour;
refacing the surfaces of the regulating outlet conduit; removing floating
debris and trash from the intake areas; replacing riprap downstream of the
stilling basin; overhauling the fish trap facilities; cleaning out infill in
the stilling basin and drain holes; adjusting or fixing monitoring equipment;
repairing project access roads and structures damaged by mudflows and low

frequency hydrologic events.

In addition to routine inspection and maintenance, the plan includes a con-
tinued monitoring program. Sediment moving into the upstream impoundment area
and accumulating behind the structure would be surveyed to determine the size
and scheduling of possible increments to the dam. Samples of flows passing
over the spillway, especially those during storms would be analyzed to deter-
mine sediment load and turbidity levels. Finally, for the first two years of
the project periodic cross-section surveys of the river would determine the
level of dredging required at the sediment stabilization basins and throughout
the river system. Annual operation and maintenance costs are estimated to be

$500,000 for the life of the oroject.

Maintenance of disposal areas used for dredging on the Cowlitz and Toutle
Rivers would consist of placement of limited amounts of revetment to prevent
excessive bank erosion of the disposal sites as well as maintenance or
reseeding of the required grass cover for those areas.
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REAL ESTATE REQUIREMENTS

Single Retention Structure

The real estate requirement for the single retention structure basin covers
approximately 7,470 acres. This includes land for the dam, appurtenant struc-
tures, impoundment area, and project access roads. The acquisition require-
ment for the structureawould involve approximately 24 ownerships, of which 9
are occupied. These lands would be conveyed to the United States. As stated
earlier, no real estate requirements have been included for the relocation of

State Highway 504. Cost of road relocation is estimated to be $4.3 million.

Downstream Actions

a. Dredging Site 1 (LT-1) covers 385 acres which includes the riverbed
and disposal areas. A local cooperative agreement was executed with the State
of Washington on 3 January 1983. The State has indicated it will secure the

remaining tracts needed for continued operation at this site.

b. Dredging Site-2 (LT-3) covers approximately 560 acres which includes
the riverbed as well as the disposal areas. There are approximately 37 owner-

ships involved.
Miscellaneous downstream actions such as stabilizing streambanks of dredged
disposal areas and possible other actions may have real estate requirements;

however, the land requirements and acquisition have not been established at

this time.

COSTS OF THE PREFERRED PLAN

The total cost of the plan is $292.2 million. Costs of the individual fea-

tures are shown on table V-2.
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Table V-2
Cost Summary

($000) 1984 dollars
SRD at Green River

Mobilization/Diversion $ 3,800
Reservoir Clearing 4,700
Concrete Dam 47,200
Outlet Works 11,400
Miscellaneous Works 3,000
Spillway 29,000

SUBTOTAL $ 99,100
Contingencies 19,900
E&D and S&A 16,700
0&M/Monitoring 45,000
Real Estate 14,300

TOTAL $195,000

Downstream Actions

Cowlitz/Toutle Dredging

Real Estate $ 2,000
Sediment Removal 45,000
SUBTOTAL $ 47,000
Contingencies 9,000
E&D and S&A 8,100
TOTAL $ 64,100
Columbia River Dredging1
Sediment Removal $ 33,100
GRAND TOTAL $292,200

1 Although the sediment removal cost for Columbia River ($33.1 million) is
part of total project costs, it would be funded under the existing
authorization for maintaining the 40-foot navigation channel, Rivers and
Harbors Act of 23 October, 1962.

BENEFITS OF THE PREFERRED PLAN

Benefits attributable to the preferred plan are the same as those discussed in

the NED plan in chapter IV.
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Economic and Social Effects

In communities along the lower 20 miles of the Cowlitz River, persistent
uncertainty about risks of flooding and volcanic activity have had major
social and economic effects. First, elaborate strategies have been developed
for responding to potential disasters. Second, some residents in the area
show symptoms of severe stress. Their concern is exacerbated by the knowledge
that solutions are neither simple nor likely to be implemented without some
delay. Some residents have chosen to leave the area. Third, because long-
range planning is impossible, investment strategies have changed, delaying

decisions on business relocation and expansion.

With a long-term permanent solution approved and implemented, reduced flood
hazards would restore normal economic conditions and improve the climate for
business and investment. Anxiety and uncertainty among residents would be
reduced. Furthermore, the preferred plan would temporarily stimulate the
local economy by providing jobs during construction. Partially offsetting the
economic stimulus would be a reduction in potential future timber harvesting
because of the requirements for the SRS impoundment area. Also, some land
would be required for sediment basin disposal sites. However, no major
alterations in land use or regional shifts in tax structure would result from
the project; these findings (see appendix E) are in conformance with the
Cowlitz County Development Plan. In sum, the preferred plan would strengthen
the underlying economic base of Cowlitz County and enhance its quality of
life.

Prevention of Erosion

In the aftermath of the 1980 eruptions, material dredged from the Cowlitz and
Toutle Rivers during emergency actions was placed along the riverbanks. 1In

response to the heavy increase in sediment load, the river channel has shifted
radically at a number of points, eroding some disposal sites and adding to the
sediment in the river. Once dredging and construction of the single retention
structure is underway and the sediment load downstream is decreased, the river

channel will stabilize and bank erosion will drop to pre-eruption levels.
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Until then, miscellaneous preventive measures—-riprap and revetment-—-would be
instituted at threatened sites to stabilize erosion.

Maintenance of Water Quality

Under the preferred plan, water quality could degrade in the short term, but
improve in the long term. Current levels of turbidity will persist, and pos—
sibly increase, during the two years of dredging at the sediment stabilization
basins. However, when the retention structure is in place, the substantial
reduction of sediment in the system will lower turbidity and particulate

levels.

Protection of Fish and Wildlfe

The effects of the preferred plan on fish and wildlife are briefly summarized
here; these are further detailed in the Environmental Impact Statement (EIS)
included with this report, as well as in the Fish and Wildlife Coordination
Act Report, an exhibit to this report.

The placement of a single retention structure on the North Fork Toutle River
above the confluence of the Green River would result in the following benefi-
cial and adverse impacts. As sediment is trapped behind the dam, downstream
riverbeds and channels would be stabilized and turbidity would be decreased.
This would result in maintaining at least a migratory path to the upper
Cowlitz River hatcheries, South Fork Toutle, and Green River systems. In
addition, this channel stabilization will allow the quicker reestablishment of
riparian vegetation. Fish passage facilities will mitigate the blockage to
upstream migrants. The reduction of sediment below the structure would pro-
vide some spawning and rearing habitat in the main stem Toutle River.

However, this benefit could be reduced by potential water quality problems
resulting from impoundment. This problem would result from solar heating,
raising downstream river temperatures during the summer and fall. The impact
of solar heating could be minimized by controlling volumes of water impounded
seasonally behind the dam. The sediment buildup behind the structure would
adversely impact fish and wildlife, already harmed by the effects of the Mount
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St. Helens eruption. To mitigate the loss of wildlife habitat above the
structure, reservoir lands will be managed to preserve available habitat for
as long as practicable and to include some revegetation at a minimum cost.
This loss of wildlife habitat above the structure would be partially offset by

the expedited recovery of riparian vegetation below the structure.

Downstream of the retention structure, sediment removal operations, except at
the sediment stabilization basins, would also help stabilize river channels
and allow vegetation to reestablish. Also, increased turbidity from the
dredging operations at the SSB would adversely affect migrating fish.

The preferred plan offers opportunities to minimize the previously addressed
negative impacts. Before implementation of the plan, studies would continue
to address all justified means and measures of improvement. Further informa-

tion may be found in exhibit 1, fish and wildlife measures.

Maintenance of Cultural Resources

An evaluation of cultural resources previously identified in the study area is
included in the EIS portion of this report. A reconnaissance study has been
completed to determine if significant sites exist in the project area. No

such sites have been identified in the project area.

ECONOMIC SUMMARY

The preferred plan includes construction of a single retention structure at
the Green River site and downstream actions until the structure has become
fully effective. The total cost of the plan is $292.2 million.

The recommended plan was formulated using October 1984 prices, an 8-1/8 per-
cent project interest rate, and a 50-year project life. The average annual
cost of this plan is $17.9 million on an equivalent annual basis. The result-
ing benefit-to—~cost ratio is 1.55 to 1, with net economic benefits of $9.9

million on an equivalent annual basis.
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CHAPTER VI - STAGED CONSTRUCTION

GENERAL

Chapter V identified the NED plan as the preferred plan. This chapter will
examine staged construction of the preferred plan, as well as a smaller and
larger structure, assuﬁing different sediment budgets. Staging is considered
a refinement of the preferred plan and will be further developed and refined
during the continued planning and engineering phase, incorporating the latest
sediment predictions and cost estimates available. The analysis investigates
benefits, costs, and risks associated with staged construction of that
structure under various estimated sediment budgets. The discussion closes no
options concerning future staging but presents possible strategies for and

potential risks of implementing a staging program.

DESCRIPTION OF STAGED CONSTRUCTION

In this analysis, staged construction refers to raising the initial height of
the structure following a period in which the storage basin is allowed to fill
with sediment. The raises would require modifications to the foundation and

raising of the spillway as well.

Considerations for Staging

This approach allows construction of the first increment smaller and less
costly than a full size structure. The second stage is constructed only after
the previous stage is full and analysis dictates a need for the next
increment. Thus, limited resources are used only as needed. While costs may
be reduced in early years by building a smaller initial stage, total costs
would be greater should the structure be raised to its full height because of

construction inefficiencies.
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Uncertainties are associated with the sediment projections used in this
report. The sediment budget is based on the average observed annual delivery
rates since 198l. Should projected estimates prove high, a smaller structure
would be adequate. However, as discussed later, certain risks exist when
excessive precipitation occurs with attendant flood runoff or mudflows result-

ing from pyroclastic events.

Another factor affecting staging relates to the physical configuration of the
valley and the relationship of structure height to storage capacity. This
relationship indicates that for the first 10 percent of storage, (assuming a
177-foot structure), 55 percent of the total cost must be expended. The rela-
tionship of incremental costs to incremental raises and incremental storage
increases shows that for a small addition of cost, a large increment of stor-
age can be purchased only above a height of 112 feet. Thus, staging for a
structure less than 112 feet results in a much higher cost for the volume of

storage gained than incremental raises above that height.

METHODOLOGY

As with the sensitivity analysis conducted for the NED plan, sediment budgets
have been estimated for 1/2 (1/2 E) and 1-1/2 (1-1/2 E) times the sediment
budget (E) used in the report. While the 1/2 E and 1-1/2 E estimated budgets
are not a scientific certainty, they do reflect a reasonable range of possible

delivery scenarios.

A reactive approach to staging provides the basis for cost development. It
‘assumes a staging strategy of monitoring the impact of annual sediment deliv-
ery to project storage. When monitoring indicates efficiency of the structure
is decreasing, the next stage is implemented. This strategy reduces initial
costs; however, downstream dredging costs would increase to offset reduced

storage efficiency until the next stage is completed.

The average annual costs of various sized, staged structures, added to the

average annual residual damages, are compared to the cost of maintaining the
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base condition. Also presented are risks attributable to infrequent events,

such as a 100-year flood event or a mudflow.

COSTS OF STAGED CONSTRUCTION

General

The following section will present assumptions made to develop costs of staged

construction using various sediment budgets. Those costs are presented in

matrix form and details are described in paragraphs keyed to the matrix.

Assumptions

The costs shown in table VI-1 are based on several assumptions. They relate

to when staging would occur and how it would be done.

a. The design budget (E) is representative of the problem although
actual delivery rates vary. Lesser and greater sediment budgets (1/2 E and
1-1/2 E) are representative of what could occur, given current knowledge of

sediment deliveries.

b. Costs reflect the following implementation schedule:

o - WY/FY 85: CP&E, plans and specifications

o - WY/FY 86: Begin construction (cofferdam)

o - WY/FY 87: First stage of structure effective

o - WY/FY 88: First stage of structure fully effective

c. For a given sediment budget (1/2 E, E, 1-1/2 E), the initial stage
selected represents the smallest and least costly structure satisfying storage
capacity needs. Staging would be performed when necessary to increase storage
capacity as dictated by monitoring of sediment delivery. The selected initial

structure sizes are as follows:
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Structure Size

Design Budget Dam Height Spillway Elev.
(ft) (£t above NGVD)

1/2 E 77 865

E 177 965

1-1/2 E 202 990

d. The base condition (Nov.-Dec. 83) level of protection is maintained
by the structure and accompanying downstream dredging.

e. Columbia River navigation channel is maintained.
f. Safe levee heights (permanent levees) are used.

g. Projects designed for 1/2 E initially would use a 77-foot-high first
stage. This height was selected for comparative purposes only, as a dredging
program would be less costly if the sediment budget is 1/2 E (see NED
Sensitivity). —

h. The storage basin is full and sediment begins flowing over the
structure before the decision is made to add the next stage. This results in
a l-year lapse, with sediment continuing to pass the structure and dredging
required downstream. A full structure is defined as the condition where the
sediment has reached the spillway elevation. Downstream dredging costs are
included in all costs.

i. Under staging, the initial foundation, outlet works and spillway are
designed only for minimum structure height but have basic provisions allowing

changes for future raises.
j. The succeeding stage would bring the structure to the next larger

size. Under 1/2 E, this would result in a 4-stage construction program for a

177-foot structure and a 5-stage program for a 202-foot structure.
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Results

Table VI-1 displays the total average annual costs for various structures in
millions of dollars. In the lower right-hand corner of each box is an index

number which refers to the descriptions below.

Table VI-1
Average Annual Construction Costs of Various Sized Staged Structures
($ Millions)

DESIGN FOR:

ACTUAL | 1/2 E - 77 ft E - 177 ft 1-1/2 E - 202 ft

1/2 E 10.3 13.3 15.4
(1) (4) )

E 23.1 17.9 20.0
(2) &) (8)

1-1/2 E 38.3 23.4 24.4
(3) (6) (9

For the purposes of the risks discussion included in the descriptions below,
storage capacity required to fully accommodate the 100-year flood sediment
inflow or a mudflow are 21 mcy and 75 mcy, respectively. 1In Table VI-2, the
staging sequence for various sized structures is given. The first number is
the dam height while the second designates the year that the stage would be
constructed and effective. The number in the lower right-hand corner of each

box refers to the discussion below.
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Table VI-2
Staging Sequence for Staging Sensitivity Analysis

DESIGN FOR:
ACTUAL [ 1/2 E - 77 ft E - 177 ft 1-1/2 E - 202 ft
1/2 E 77/1987 177/1987 202/1987
(1) (4) )
E 77/1987 177/1987 202/1987
112/1990
142/1993
177/1996
(2) &) (8)
1-1/2 E 77/1987 177/1987 202/1987
112/1990 202/1999
142/1993
177/1996
202/2002
3 (6) 9

(1) Design for 1/2 E:
structure 77 feet high with a total storage capacity of 40 mcy.

Actually Receive 1/2 E. This is a single-stage

It represents
the lowest overall cost for a first stage. If only the 1/2 sediment delivery
occurs, the structure never needs raising. Throughout the life of the

structure, risks exist for excess sediment delivery from a 100-year event or
the design mudflow. Once completed the structure has no additional capacity

to accommodate either the mudflow or the 100-year event.

(2) Design for 1/2 E:
built to a 77-foot height.
This stage performs well until 1989, when pool storage is

Actually Receive E. Initially the structure is

This structure is effective in 1987, as are all
structures.

exhausted and material begins passing downstream, requiring dredging. The
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structure is raised 35 feet to a 112-foot elevation in 1990. The structure
performs sufficiently through 1991 and begins passing material in 1992 and
dredging resumes. In 1993 the structure is raised to 142 feet high. One more
raise is required in 1996 to attain a 177-foot structure, with material
passing it in 1995. This height would accommodate the E budget and no further
stages are required. The capacity of the initial stage is 40 mcy and at its
final stage, 299 mcy. The average annual cost shown is the total for all
stages. Risks for the first stage are the same as the 77-foot structure
described under 1/2 E. These risks are anticipated to remain the same through
the fourth stage. Once the fourth stage has been reached sediment levels have
decreased and risks begin to improve for the rest of the life of the

structure.

(3) Design for 1/2 E: Actually Receive 1-1/2 E. The sequence of con-

struction is similar to the above discussion (2) except that dredging quanti-
ties increase in the years when insufficient storage exists. As a result,
costs increase for those raises. The staging sequence changes, however, when
in 2001 material begins passing the structure again and a 25-foot stage is
added in 2002 to raise the dam height to 202 feet. Another stage raising the
structure to 202 feet is needed in year 25. Dredging is still required
downstream after year 25, however, at that point it becomes more economical to
dredge than add another stage. Risks remain high throughout the life of the
project because of the high sediment delivery rates.

(4) Design for E: Actually Receive 1/2 E. When designing for E, the

least costly approach calls for initially constructing a 177-foot structure
with a storage capacity of 299 mcy. It would be effective in 1987. 1If only
half the sediment budget were received, no additional stages would be
required. The pool would still fill to the spillway crest but less of the
storage between the pool and the S/2 slope would be consumed than if the full
budget were received. Downstream actions would be less than if E were
received, which would result in a reduction of the total cost for this option
over the next condition considered (5). Risks would be reduced over the
77-foot structure (1) because of availability of more storage. Enough storage
would exist in this structure until 2002 to accommodate a 100-year event

sediment and until 1993 for mudflow sediment.
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(5) Design for E: Actually Receive E. This structure is still the same

size as (4), 177 feet high, since it was designed for E. Only one stage would
be required. The pool will be filled by 1996 and passing some material by
1997. Minimal dredging would be required in the out years but higher than
(4). Risks would be higher than (4) because of the structure filling sooner.
Capacity exists for the sediment requirements of the 100-year event and mud-

flows up to 1995 and 1991, respectively.

(6) Design for E: Actually Receive 1-1/2 E. Again the initial structure

is 177 feet. With this budgat sand would begin passing the structure in 1998
and the structure would be raised to a height of 202 feet in year 15. The
raised structure would fill by 2008 with significant dredging required in the
out years. Since these costs occur primarily in the future they do not
dramatically impact the discounted average annual costs. Because of the
increased sediment delivery, risks are greater than in (5). Storage is avail-
able to fully accommodate sediment delivery for a mudflow and 100-year event
up to 1989 and 1991, respectively.

(7) Design for 1-1/2 E: Actually Receive 1/2 E. Since the structure is
designed for 1-1/2 E, it would be built 202 feet high. No staging would be

required, and maximum capacity is 1,162 mcy. This capacity provides storage
for extreme events, accommodating mudflows and 100-year events up to 2004 and
2022, respectively. This structure has the lowest risk factor of any

considered because of its large capacity.

(8) Design-for 1-1/2 E: Actually Receive E. 'The structure would be built

to 202 feet as in (7). No staging required but dredging increased over (7),
reflected in increased average annual cost. Initially adequate storage would
exist to accommodate extreme events but for shorter periods than (7). Storage
would exist to fully accommodate sediment requirements for mudflows and

100-year events up to 1994 and 1999, respectively.

(9) Design for 1-1/2 E: Actually Receive 1-1/2 E. Again, the structure
would be constructed to a height of 202 feet. No staging 1s required but

dredging will increase over (8), increasing costs. Initially, structure would

have same storage as (7); however, it would fill so that material would pass
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structure in 2008. Dredging would continue to be required past then.
However, those costs do not significantly impact the discounted average annual
costs. Capacity exists to fully accommodate sediment requirements for

mudflows and 100-year events up to 1991 and 1994, respectively.

Summary

Table VI-3 presents the accomplishments of various sized structures at the
Green River site in relation to annual storage, peak storage (100-year),
mudflow storage, streamflow regulation (100-year event) and water quality.
The key for symbols show that a clear bubble meets considerations, 1/2 bubble
partially meets considerations, and a solid bubble does not meet
considerations. As an example, a 112-foot structure on the Green River site
can accomplish the following: annual storage to eliminate downstream dredging
associated with material eroding from the avalanche is initially 11 mcy. The
112-foot structure fully provides for that storage as evidenced by the clear
bubble. In year 5 that requirement drops to 8 mcy and the 112-foot structure
also meets that consideration. However, by the 10th year, when the annual
requirement is 5 mcy, the dark bubble indicates that the structure does not

meet that requirement.

In the same fashion, the ability of a 112-foot structure to provide enough
storage for the sediment delivery of a 100-year event and mudflow are shown
under the next two headings. The streamflow regulation heading, for a
100-year event, refers to the project's ability to regulate peak flows to

prevent spillway overflow.

Comparison of Staged Structures with Dredging

Table VI-4 shows the average annual costs (AAC) developed earlier summed with
the average annual residual damages (AAD) in millions of dollars and compared
with the sum of the average annual costs plus the residual average annual

damages of maintaining the base conditions.
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TABLE VI-3
ACCOMPLISHMENTS OF SINGLE RETENTION STRUCTURE

EVALUATION CONSIDERATIONS

WATER
ANNUAL PEAK MUDFLOW STREAMFLOW QUALITY
STORAGE STORAGE STORAGE REGULATION
RI{D (100-Yr. Event) (100-Yr Event) D/
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GREEN RIVER No | 77
(Base Elev. 810) Yes| 112
Yes| 142 () |
Yes| 177 @,
Yes| 202 (Q
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Table VI-4
Staging — Assuming Reaction to Loss of Efficiency

DESIGN FOR:

ACTUAL SRS @ 77 ft SRS @ 177 ft SRS @ 202 ft

1/2 E E 1-1/2 E
SRS AAC 10.3 (SRS AAC 13.3 (SRS AAC 15.4
AAD 2.4 AAD 2.4 AAD 2.4
12.7 15.7 17.8

1/2 E
D AAC 8.0 {D AAC 8.0 D AAC 8.0
AAD 3.6 AAD 3.6 AAD 3.6
11.6 11.6 11.6
SRS AAC 23.1 {SRS AAC 17.9 {SRS AAC 20.0
AAD 2.6 AAD 2.6 AAD 2.6
25.7 20.5 22.6
E
D AAC 23.3 (D AAC  23.3 |{D AAC  23.3
AAD 7.1 AAD 7.1 AAD 7.1
30.4 30.4 30.4
SRS AAC 38.3 {SRS AAC 23.4 SRS AAC 24.4
AAD 8.7 AAD 7.0 AAD 4.7
47.0 30.4 29.1
1-1/2 E

D AAC 46.9 D AAC 46.9 D AAC 46.9
AAD 9.8 AAD 9.8 AAD 9.8
56.7 56.7 56.7

Results from this table indicate that for a 1/2 sediment budget, dredging is
always the least costly solution. This was also true for the analysis per-
formed in the NED chapter. The point at which dredging might be preferred to
a structure is shown on figures VI-1, VI-2, and VI-3. When compared with
similar curves for a single staged structure (as described in chapter 1IV),
there is a slight difference for E and 1/2 E. However, at the estimated sedi-
ment budget E, little real difference exists, since staging based on E does

not occur until 1/2 E is actually exceeded.
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Conclusion

The analysis has shown the sensitivity of total costs to costs of staging at
certain points in time. If the stages can be delayed far enough out in time,
the present value of those costs can be discounted significantly. Future
evaluations of staging, taking into consideration all updated results from
sediment monitoring and improved costs information, will be performed during

the continued planning and engineering phase which follows approval of this
report.
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CHAPTER VII - FEATURES AFFECTING MANAGEMENT STRATEGY IMPLEMENTATION

GENERAL

The eruption of Mount St. Helens and the emergency actions to correct
resultant problems have created new responsibilities for local participation.
The high cost and duration of corrective measures are beyond the non-Federal
capability to finance. Local agencies and governments have cooperated
according to their resources and authority. This chapter looks at past
non-Federal involvement and future capability to implement parts of the

preferred plan.

INSTITUTIONAL CONSIDERATION
The State of Washington and Cowlitz County have instituted administrative

programs and laws which relate to implementation of a long-term plan for the

Cowlitz and Toutle River basins. These are discussed below.

Building Moratorium in Flood Hazard Areas

The county initiated a building moratorium following the 18 May 1980 eruption
and subsequent mudflow. It prohibits issuance of building permits, mobile
home placement, and sewage disposal permits in county-designated flood hazard
areas for habitable structures (Cowlitz County, 1983). In the Cowlitz County
Watershed Management Plan, the Board of County Commissioners directed their
Department of Community Development to continue the building moratorium until

a long-term solution is implemented.

Mount St. Helens Flood Warning/Monitoring Network

As described in Section I, this network was developed before the eruption and
refined afterwards, primarily because of the threat of failure of Spirit Lake
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blockage. This warning system is expected to be kept in operation for the

foreseeable future.

Dredge Disposal Site Reclamation/Stabilization Ordinance

In the Cowlitz County Watershed Management Plan, the County Commissioners also
directed the Department of Community Development to deaign an ordinance
requiring reclamation of disposal sites in order to insure their future bene-
ficial use. Planning uses for past and future disposal sites is an important
management practice. Large quantities of disposal material from future

activities will add to those accumulated from past emergency actions.

The Department of Community Development drafted an ordinance that included
such reclamation measures as grass seeding and fertilizing, bank protection,
and drainage. During the agency review of the draft, it was learned that a
portion of the $5 million appropriated by the State legislature in 1983 for
dredge spoils site acquisition could be used for site rehabilitation. The
State Department of Natural Resources 1is working on securing long~term funding
for managing the State—owned sites. Since many of the largest disposal sites
have been or are being acquired by the State, the County concluded that a

dredge spoils rehabilitation ordinance was unnecessary at this time.

Local Sponsorship

Current Federal policy requires local interests to participate in project
costs. This participation can be as limited as implementing a zoning ordi-
nance or as extensive as furnishing lands, easements and rights—of-way. Other
possible local contributions may include responsibility for operation and
maintenance of the project and/or sharing in the construction costs. As
discussed below, the County and State have already participated as sponsors

for emergency measures already undertaken.

The State of Washington, Cowlitz County, and other local interests have
already contributed to Federal emergency actions since the eruption. In addi- -
tion to maintaining the Cowlitz County Flood Warning System, the State has
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spent $1 million to procure disposal sites for dredged material and another
$3.5 million (Senate Bill 3519) has been expended for related activities. For

example, the State acquired lands at the Lower Toutle (LT-1) sediment stabili-
zation basin, where dredging has continued into 1984. After erosion threat—
ened the abutments of the I-5 bridge, the State of Washington Department of
Transportation placed revetment and sheet pile at the bridge to prevent

further damage and possible closure of this major transportation route.

Within Cowlitz County, local sponsors signed cooperative agreements to provide
lands, easements and rights—of-way for emergency levee raising. To date the
local Governments have expended approximately $7.4 million on activities

resulting from the eruption of Mount St. Helens.

Fish and Wildlife Mitigation

Developing a reasonable and justifiable fish and wildlife mitigation plan for
this project is a difficult and complex task. Not only do the fish and wild-
life impacts associated with the project need separation from the habitat
losses due to the eruption, but fish and wildlife 1mpacté associated with a
single retention structure need weighting against the downstream benefits
attributable to such a structure. These problems are complicated by the
rapidly changing fish and wildlife habitat of the area due to recovery of

eruption—caused damages and the ongoing sedimentation problem.

The development of this mitigation plan is based upon the recommendations of
the U.S. Fish and Wildlife Service, as found in their Fish and Wildlife
Coordination Act Report (CAR); see exhibit 1 of this report. While the
recommendations in the CAR exceed those proposed as part of this plan,
mitigation does minimize the majority of adverse fish and wildlife impacts
directly associated with the plan. Proposed mitigation does not overlap

existing federal and state programs or land management plans.

Mitigation proposed in the preferred plan includes the construction of fish
bypass facilities as part of the single retention structure. While additional
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planning and coordination with the resource agencies will determine the ape—
cific facilities eventually constructed, the facilities considered for this
report consist of a trap and haul facility for adult migrants with juvenile
passage occurring as part of water releases through the regulating outlet and
spillway. Construction and evaluation of these facilities will be a Federal
cost and operation and maintenance, a state cost—-sharing responsibility. Also
proposed is the management of reservoir and disposal lands to minimize the
loss of wildlife habitat, as described in chapter V.

DIVISION OF RESPONSIBILITIES

Because of the unique nature of the problems arising from the eruption and the
novel strategies required for mitigating the impact to flood control. and navi-
gation on the Toutle, Cowlitz and Columbia Rivers, the following cost—sharing

formula is proposed.

The Recommended Proposal for Cost Sharing

In the recommended proposal for cost sharing, the Pederal portion will cover
construction cost of the single retention structure including fish bypass
facilities; construction costs of all dowustream actions; operations and
maintenance costs of the retention structure including cost of the sediment

monitering program.

The non-Federal share will be the costs of all lands, easements, rights—of-way
for construction and maintenance of the project; maintenance of the disposal
sites necessary for downstream actions; all other mitigation costs of the
project; operation and maintenance of the by—-pass facility; and costs

associated with relocation.
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Table VII-1

Recommended Proposal for Cost Sharing

Percentage
Federal Non-Federal</
Single Retention Structure Construction Costs&/ Lands, easements, ROW,
Relocations
Downstream Actions Construction Costs Lands, easements, ROW,
Relocations

Columbia River Dredgingzj

1. Includes trapping and hauling and monitoring costs.
2. All other mitigation costs.

3. Responsibilities for Columbia River maintenance dredging are already
established under the authorized 40 foot navigation channel Rivers and
Harbors Act of 23 Oct, 1962. Federal responsibilities are the cost of
dredging. Among the local sponsor responsibilities are providing lands,
easements and rights—of-way for disposal areas for construction and
- subsequent maintenance of the project.
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9-11A

SRD at Green River

Mobilization/Diversion
Reservolr Clearing
Concrete Dam
Outlet Works
Miscellaneous Works
Spillway

SUBTOTAL
Contingencies
E&D and S&A
0&M/Monitoring
Real Estate

TOTAL

Downstream Actions:

Cowlitz/Toutle Dredging

Real Estate

Sediment Removal
SUBTOTAL

Contingencies

E&D and S&A
TOTAL

Columbia River Dredging*

Sediment Removal
GRAND TOTAL

* — See footnote J from table VII-1.

Total
Project
Cost
($000)

$ 3,800
4,700
47,200
11,400
3,000
29,000

$ 99,100
19,900
16,700
45,000
14!300
$195,000

2,000
45,000
$ 47,000

9,000

8,100

$ 64,100

$ 33,100
$292,200

Table VI1I-2
RECOMMENDED

PROPOSED COST SHARING

Flood Control

Navigation

Total Allocation Federal Non-Federal Total Allocation Federal Non-Federal
(87% of Total (13% of Total
Project Cost Cost Project) Cost Cost
$ 3,300 $ 3,300 § $ 500 $ 500 $
4,100 4,100 600 600
41,100 41,100 6,100 6,100
9,900 9,900 1,500 1,500
2,600 2,600 400 400
25,200 25,200 3,800 3,800
$ 86,200 $ 86,200 $ 12,900 $12,900
17,300 17,300 2,600 2,600
14,500 14,500 2,200 2,200
39,200 39,200 5,800 5,800
12,400 12,400 1,900 1,900
$169,600 $157,200 $12,400 $ 25,400 $23,500 $1,900
1,700 1,700 300 $ 300
39,200 - 5,800 5,800
$ 40,900 $ 39,200 $ 1,700 $ 6,100 $ 5,800
7,800 7,500 300 1,200 1,200
7,000 6,700 300 1,100 1,100
$ 55,700 $ 53,400 $ 2,300 $ 8,400 $ 8,100 $ 300
, $ 33,100 $33,100
$225,300 $210,600 $14,700 $ 66,900 $64,700 $2,200



CHAPTER VIII - SUMMARY OF PUBLIC INVOLVEMENT, VIEWS AND COMMENTS

OVERVIEW

This feasibility report completes the planning process initiated by an earlier
study, the Comprehensive Plan for Responding to the Long-term Threat Created
by the Eruption of Mount St. Helens, Washington. The Corps forwarded the
Comprehensive Plan to the President's office in November 1983. Following a
screening process, the plan recommended five strategies for further
evaluation:

Limited Permanent Evacuation

Sediment Stabilization Basins

Multiple Retention Structures with Dredging
Multiple Retention Structures without Dredging
Single Retention Structure

0O ©0 0o 0 ©°

During the months of November and December 1983, numerous meetings were held
in the study area to present these strategies to the public and obtain their
input. These presentations also included a discussion of alternatives for
Spirit Lake, also covered in the Comprehensive Plan report. The input for the
Spirit Lake solution, addressed in the Spirit Lake Decision Document and EIS,
will not be addressed in this report.

Because the Feasibility Report utilizes much of the information and analysis
developed during the preparation of the Comprehensive Plan, only one public
meeting was scheduled during the 45-day public review period that was held in
Longview, Washington on 29 November 1984. A formal presentation describing
the preferred plan preceded public testimony.

This section summarizes the public, state, agencies, and local government
reactions to the Comprehensive Plan and Feasibility Report for responding to
the eruption of Mount St. Helens. It utilizes the public meeting transcripts,
oral and written comments made at the meetings, and letters submitted for the
record following the meetings. A synopsis of the comments on one of the
principal components of the plan, the sediment strategy, is contained in the
following paragraphs.

SYNOPSIS OF COMPREHENSIVE PLAN COMMMENT

The public reaction to strategies designed to solve the sediment problem
ranged from a preference for continuation of the current dredging program to

VIII-1




recommendations for construction of a sediment retention structure on the
Toutle River. Major public sentiment backed the solution which would resolve
the problem by retaining the material in the Toutle River. A large majority
expressed support of the single retention structure on the Toutle above its
confluence with the Green River. People from the Toutle Valley generally

opposed any dams on the Toutle River.

The Governors of Washington, Oregon, and Idaho, and the Community Consensus
Position (which was signed by 39 representatives of local government, service
and civic organizations) also expressed support for the single retention
structure. The U.S. Fish and Wildlife Service agreed to this strategy with
provisions for fish passage. The U.S. Geological Survey preferred to control
sediment as close to its source as possible to minimize impacts of downstream
sediment transport and stated a concern that a large increment of storage (100
mcy) should be provided on any structure as early as possible to accommodate

the possibility of a major event.

Public Involvement Program

The public involvement period began on 29 November 1983, with the news release
announcing availability of the Comprehensive Plan report and public meeting
dates. Comments for the record were received through 5 January 1984. During
that 37-day period, the Corps made 12 presentations to an estimated 1,300
people.

The major component of the public involvement program centered on six public
meetings during December. These meetings were held at locations and times

indicated below.

Date Location Time
5 December Vancouver, Washington 1300
5 December Toutle, Washington 1930
6 December Castle Rock, Washington 1930
7 December Kelso, Washington 1930
8 December Kelso, Washington 1230 -
8 December Woodland, Washington 1930

VIII-2



In addition to the six formal public meetings, the Corps gave six other
presentations to local groups requesting background on the study.

Date Location Group
22 November Longview, Washington Longview Chamber of Commerce
1 December Toutle, Washington Residents of Toutle
9 December Olympia, Washington Washington State Agencies
13 December Vanéouver, Washington Mount St. Helens Scientific
Advisory Board
14 December Longview, Washington Longview Rotary
14 December Olympia, Washington Washington Legislative

Select Committee

20 December Woodland, Washington Woodland Chamber of Commerce

The first public meeting held in Vancouver, Washington, provided an oppor-
tunity for residents of the Portland-Vancouver metropolitan area to give their
views. The afternoon meeting also attracted staff from various agencies.
Navigation interests were represented since Portland and Vancouver are the two

ma jor ports in the region.

A large percentage of the local population attended the Toutle public meeting.
Although not threatened by flooding from the sediment problem, people in the
Toutle Valley would be affected by a sediment retention dam on the Toutle
River. 1In addition, the population felt threatened by any failure of the
natural dam impounding Spirit Lake.

Castle Rock, located on the Cowlitz River near its confluence with the Toutle
River, would be endangered not only by flooding from a breach of the Spirit
Lake dam but also from loss of flood control caused by deposition of sediment
in the Cowlitz River. This third public meeting was the first where both

issues were of equal concern to the attendees.

The next public meeting took place in the Longview-Kelso area, the most popu-
lated and developed area threatened by flooding. This evening session had the
highest attendance of the six meetings. The major concerns were both flood

control and navigation, affecting both individuals and businesses.
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The fifth meeting was also held in the Longview-Kelso area during the after-
noon. This session was timed to encourage attendance by night shift workers
and elderly people. Some staff from local agencies and businesses also

attended.

The final public meeting occurred in Woodland, a city on the Lewis River. The
only direct impact on this city would develop if the Corps implemented the By
alternative for the Spirit Lake component, since this altermative included the
discharge of water into the Lewis River. Discussion at this meeting focused

on alternatives for a permanent Spirit Lake outlet.

Meetings were planned at locations and times to insure maximum attendance.
Advance notice of the meetings appeared in local newspapers and in announce-
ments over television and radio. The format of each meeting included a formal
presentation of the study, public testimony, and a question and answer period.
It is estimated that a total of 1,000 people attended the meetings. In addi-
tion, 257 written comments were received initially, with another 69 comment

sheets received through the mail.

Public Comment by State, Agencies and Other Public Groups

Congressman Don Bonker, State of Washington

Sediment Strategy. Accepts Comprehensive Plan recommendation that the single

retention structure is the best and the most cost—effective solution.

State of Washington

Sediment Strategy. Prefer single retention structure located on the Toutle

River above its confluence with the Green River, based on the following

concerns:

(a) Sediment should be contained in the upper reaches of the Toutle River

above its confluence with the Green River,
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(b) Permanent solution should minimize impacts on residents, transporta-
tion routes, and on fish and wildlife.

Other Concerns. The Administration's proposal for local and State cost-

sharing, as described in the Comprehensive Plan is totally unacceptable.
Traditional cost—sharing formula should apply and include costs for fish and
wildlife mitigation measures. Favor a greater margin of safety and subsequent
permanent Spirit Lake level 10 to 20 feet below the recommended 3,440 feet.

State of Oregon

Sediment Strategy. Supports the single retention structure based on the

following concerns:
(a) Least costly alternative,
(b) Less risk than with multiple retention structures,
(c¢) Immediate action so congressional authorization can occur in 1984,
(d) Impairment of navigation access to ports of lower Columbia of serious

economic concern.

Federal Emergency Management Agency, Washington, D.C.

Sediment Strategy. Urge rapid progress towards the final solution.

Other Concerns. Support 100-year flood level as minimum flood protection

level to be achieved and maintained.
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U.S. Fish and Wildlife Service

Sediment Strategy. Concerned about fish passage and loss of wildlife habitat.

Recommend single retention structure because impacts to fish and wildlife are

less damaging than with the multiple retention structures.

Department of Interior,. Geological Survey

Sediment Strategy. Sediment management strategy should provide a large incre-

ment of storage (100 mcy or more) as soon as possible and impound the sediment
as close as possible to its source. This strategy would minimize negative
impacts of downstream sediment transport and accommodate sediment yields

generated by major volcanic, seismic, and hydrologic events.

Other Concerns. Mount St. Helens 1s in an episode of eruption that could last

for several decades. This is a period of geologic and hydrologic instability
which must be planned for. There are concerns about the impact of Spirit Lake
discharge on the chemical and biological quality of altermative receiving

waters.

Community Consensus Position

Sediment Strategy. Single retention structure on North Fork Toutle at the

Green River site is the preferred alternative for sediment control.

Other Concerns. If further studies indicate safety problems exist for west

side tunnels, would not oppose tunnel to Smith Creek as long as mitigative

measures are implemented to protect Lewis River drainage.

Urges use of the traditional formula wherein the Federal Government pays 100

percent of construction costs.

The following local government, service, and civic organizations signed the

Community Consensus Position document:
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Cities, County, and Regional Government

Cowlitz County Board of Commissioners
City of Longview

City of Kelso

City of Castle Rock

City of Kalama

Cowlitz—Wahkiakum Governmental Conference

Service Districté

Public Utility District No. 1 of Cowlitz County

Longview School District Board of Directors

Kelso School District Board of Directors

Castle Rock School Board of Directors

Kalama School District

Beacon Hill Sewer District Board of Commissioners
Consolidated Diking Improvement District No. 1 (Longview)
Consolidated Diking Improvement District No. 3 (Kelso)

Ports

Port of Longview Board of Commissioners
Port of Kalama

Port of Portland

Port of Astoria Commission

Pacific Northwest Waterways Association

Political Organizations

Cowlitz County Republican Central Committee
Cowlitz County Republican Men's Club
Cowlitz County Republican Women's Club

Cowlitz County Democratic Central Committee

Civic Organizations

Cowlitz Economic Development Council
Longview Chamber of Commerce
Kelso Chamber of Commerce
Castle Rock Chamber of Commerce
Kalama Chamber of Commerce
Yale/Cougar Community Council
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o Unions
- International Longshoremen's & Warehousemen's Union Local 21
- United Food and Commercial Workers, Local 367
- Association of Western Pulp and Pulp Workers Local 153

o Service Organizations
= Kelso Rotary Club
- Pioneer Lions Club

o Other Organizations
= Mount St. Helens Protective Association
- Willapa Hills Audubon Society
— Castle Rock Lions Club
- National Association of Women in Construction

- Longview Early Edition Rotary

Cowlitz Conservation District, Kelso, Washington

Sediment Strategy. Recommends a single retention structure as far upstream as

feasible above the confluence of Green River and North Fork Toutle River.

Other Concerns. Mount St. Helens disaster is a national concern. Federal

Government should pay for all expenses.

Port of Portland, Portland, Oregon

Sediment Strategy. Urges the single retention structure as the best approach.

Other Concerns.

(a) Recognize that this is a national issue.

(b) Disagree that more study will improve sediment estimates. Feel

current ones are best available.
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(c) Nothing suggests that waiting will lessen magnitude of problem.

(d) Single retention structure has advantage over multiple retention

structures in flexibility, flood control, and environmental impacts.

Port of Lewiston, Lewiston, Idaho

Sediment Strategy. Recommends single retention structure.

Other Concerns. Mount St. Helens is a national issue and should not be

approached through cost-sharing means of local government. Prevent sediment
from entering the Columbia River and impacting navigation in the river

channel.

Port of Vancouver, Vancouver, Washington

Sediment Strategy. Recommends single retention structure in the interest of

time and in the long term, money.

Other Concerns. Maintain a safe and assured 40-foot channel from the Pacific

Ocean to the Port of Vancouver. Action is needed now.

Mount St. Helens Chamber of Commerce (Toutle River Valley)

Sediment Strategy. Continue to dredge the Cowlitz and Columbia Rivers.

Idaho Transportation Council

Sediment Strategy. Single retention structure is described as satisfying most

criteria and reducing the costs of navigation.
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Other Concerns. Impairment of navigational access to the lower Columbia River

is a serious economic concern to Idaho. Columbia River navigation channel is

essential to the economy of the Pacific Northwest and should be maintained.

Pacific Rim Trade Association

Sediment Strategy. Solution should be implemented now to contain material in

the Toutle Basin, leaving the available Columbia River dredged disposal sites
for other dredging needs.

Other Concerns. Depend very heavily on the Columbia River and its tributaries

to transport products. Action should be taken immediately.

Weyerhaeuser Company, Longview, Washington

Sediment Strategy. Better information is needed about the amount, timing and

source of sedimentation in the rivers before determining the best way to

handle the sediment problem.

Other Concerns. Mitigation for fish and wildlife is secondary to life and

property concerns and is not needed. Funding of the solution(s) should be

entirely from the Federal level.

Mount St. Helens Scientific Advisory Board

Sediment Strategy. No position stated.

Other Concerns.

(a) Safety of people downstream should be first priority.

(b) Flexibility must be part of any selected alternative.

(c) Presented these recommendations to U.S. Foxesi Service.
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Summaries of Written and Oral Responses

The consensus of public testimony supported the single retention structure as
a solution to the sediment problem. The two exceptions were the Mount St.
Helens Chamber of Commerce, who preferred continued dredging, and the
Weyerhaeuser Company, who recommended waiting for better information before
making a selection. The U.S. Geological Survey stated no preference among the
strategies, urging only that sediment be controlled as close to its source as

possible.

Other concerns expressed by the public included the following points. Those
commenting on cost-sharing supported 100 percent Federal funding. Many com-—
ments requested quick action for a solution to both the Spirit Lake and sedi-
ment problems. The U.S. Geological Survey conveyed several technical concerns
about various alternatives to both the Spirit Lake and the sediment problems.
The Federal Emergency Management Agency advocated the 100-year flood level as
the minimum maintained for the communities along the Cowlitz River. The U.S.
Forest Service, the Federal management agency for the lands around Spirit

Lake, did not provide a position on the various alternatives.

This summary of résponses as shown in Figure VIII-1, reflects a range of
community sentiments, extending from a community interested only in impacts of
a specific Spirit Lake outlet (Woodland) to a community concerned only in
effects of single retention structures (Toutle). It encompasses a cross
section of populations from large communities to small and of publics

including environmental groups, agencies, counties, and ports.

A common area of agreement among all providing their views was the need for a
quick solution to the problems created by the eruption of Mount St. Helens and

a desire for relief from cost sharing.

In addition, several informal groups of individuals provided written and oral
recommendations to various levels of the United States Army Corps of Engineers
and to the Army Secretariate. An example of this input was that of Alden
Jones, who opposed any dam construction based upon the premise that the Toutle
River was armoring itself sufficiently from natural means so that the flood

threat from sediment would correct itself in time.
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SYNOPSIS OF FEASIBILITY REPORT COMMENT

Public Involvement Program

The Public meeting on the Feasibility Report attracted 103 people, 27 of whom
testified. Of the individuals who spoke at the meeting 15 supported and 12
opposed the preferred plan as shown in table VIII-1. Most of the opponents
were members of the Toutle Valley Preservation Association and residents of

Toutle Valley.

No new issues surfaced at that public meeting that were not discussed during
the 1983 meetings. All speakers urged that a quick decision should be made on
which alternative will be implemented. Most speakers also opposed the

proposal for local cost sharing of lands, easements and rights—-of-way.

Table VIII-1 TESTIMONY AT
29 NOVEMBER 1984 PUBLIC MEETING

Opposition 12 Total
Toutle Valley Preservation Association
Mount St. Helens Chamber of Commerce
Individuals (10)

Support 15 Total
Washington Department of Emergency Management
Cowlitz County Board of Commissioners
Cowlitz Economic Council
Longview Chamber of Commerce
Longview Fibre Company
Longview Treatment Plant (Water Dept.)
Pacific Northwest Waterways Association
Port of Longview
Port of Kalama
Port of Portland
Cowlitz County League of Women Voters
Individuals (4)
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Public Comment by State, Agencies and Other Public Groups

In addition to oral testimony presented at the public meeting, written

comments were received from Federal, State and local agencies, groups and
private individuals during the 45-day public review. A graphic summary of
written responses by group and position is shown in figure VIII-2. These

letters and appropriate responses are contained in exhibit 2 of this report.

As with the oral testimony written opposition to the preferred plan came
primarily from individuals in the immediate study area, some of whome are
members of the Toutle Valley Preservation Association. No Federal, State or
local agency opposed the preferred plan although some changes were suggested.
Local agencies and individuals opposed cost-sharing from local sources. Some
State and Federal agencies requested more fish and wildlife mitigation as a
federal portion of the project costs. Responses from agencies are summarized

below.
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State of Washing;on

The State supports quick construction of the preferred alternative. Fish and
wildlife mitigation costs should be part of Federal funding. The proposed

cost-sharing responsibilities are acceptable.

Department of the Interior
{Fish & Wildlife Service & U.S. Geological Survey)

This agency felt that the environmental impact statement should have discussed
the preferred plan in more detail. Thgy specifically cited lack of fish &
wildlife impacts as a major dificiency. They also felt the estimate of
sediment erosion was too conservative. Some potential hazards such as
upstream lakes, mudflows and eruptions were not emphasized enough. Therefore,
provision should be made in design of the SRS to accomodate a major mudflow

without displacing the pool.

Department of Health & Human Services

This agency supported implementation of Alternative 1 from the Comprehensive
Plan - (limited permanent evacuation). They did not comment on any

alternatives currently being considered.

Environmental Protection Agency

This agency felt that the environmental impact statement should have been more
detailed in discussing the preferred alternative. Fish & wildlife impacts

were not discussed in enough detail.
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Department of Agriculture

(U.S. Forest Service)
This agency did not comment because the proposed work was outside the National

Volcanic Monument which they manage.

Department of Commerce

(National Marine Fisheries Service)

This agency was concerned that provisions for anadromous fish passage should

be included in design and construction of the SRS.

Department of Transportation

This agency had no comment because they are no longer involved with any road

systems in the Toutle River Valley.

Community Consensus Position (43 Entities)

The preferred alternative is the best choice for solving potential flooding
and navigation problems. The concept of cost sharing is understood and
supported in concept by the local governments, but they do not feel this cost
should be borne by the cities or county. A solution to the sediment problem

needs to be implemented as soon as possible.
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Cities, County, and Regiomal Government

Cowlitz-Wahkiakum Governmental Conference
Cowlitz County Board of Commissioners
Clark County Board of Commissioners
Columbia County Board of Commissioners
Skamania County Board of Commissioners
City of Longview

City of Kelso

City of Castle- Rock

City of Kalama

City of Woodland

Town of Cathlamet

Service Districts

Public Utility District No. 1 of Cowlitz County

Longview School District Board of Directors

Kelso School District Board of Directors

Castle Rock School Board of Directors

Kalama School District

Beacon Hill Sewer District Board of Commissioners
Consolidated Diking Improvement District No. 2 (Woodland)
Consolidated Diking Improvement District No. 3 (Kelso)
Cowlitz Economic Development Council

Ports

Port of Longview Board of Commissioners
Port of Kalama

Port of Portland

Port of Vancouver, U.S.A.

Pacific Northwest Waterways Association
Wahkiakum Port District #2

Political Organizations

Cowlitz County Republican Central Committee
Cowlitz County Republican Men's Club
Cowlitz County Republican Women's €Club

Cowlitz County Democratic Central Committee
Cowlitz County Democratic Men's Club
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o Civic Organizations
— Longview Chamber of Commerce
- Kelso Chamber of Commerce
= Castle Rock Chamber of Commerce
- Kalama Chamber of Commerce

- Yale/Cougar Community Council

o Unions
- International Longshoremen's & Warehousemen's Union Local 21
= United Food and Commercial Workers, Local 367
- Association of Western Pulp and Pulp Workers Local
- Teamster's Local #58
- Carpenter's Union Local #1707

o Other Organizations
- Willapa Hills Audubon Society

Toutle Valley Preservation Association & Mt. St. Helens Chamber of Commerce

These groups feel that erosion of the debris avalanche is stabilizing faster
than anticipated in the Feasibility Report. Therefore, other minimal, non-
structural actions such as bank protection and vegetation planting would be

effective in stopping downstream problems.

Weyerhaeuser Company

This company emphasized the need to refine the sediment budget before final
selection of the preferred plan. The Green River Site for an SRS is supported
if current analysis is substantiated by continuing sediment monitoring. No
additional resource mitigation is justified beyond that indicated in the
Feasibility Report. Project funding should be a federal responsibility.
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FINAL

CHAPTER IX - ENVIRONMENTAL IMPACT STATEMENT
AND SECTION 404(b) EVALUATION

Cowlitz Toutle Feasibility Study

The responsible lead agency is the U.S. Army Engineer District, Portland.
Abstract

The 18 May 1980 eruptiaon of Mount St. Helens left a debris avalanche contain-
ing an estimated 3 billion cubic yards of material on the upper reaches of the
North Fork Toutle River. Material eroding from the avalanche moves
downstream, some of it passing through to the ocean and the remainder
depositing in the river channels. The sediment deposits, if not removed,
could eventually create a flooding possibility for downstream urban areas. An
active dredging program, however, has removed the infill and maintained the
100-year flood protection authorized by PL 98-63. A number of alternative
measures to control sediment movement have been considered, including no
action and a nonstructural plan to evacuate permanently a large portion of the
lower Cowlitz flood plain while raising levees to increase flood protection
for Kelso and Longview. Structural measures considered include sediment
stabilization basins, multiple retention structures both with and without
dredging, and a single sediment retention structure. A sediment retention
structure located on the North Fork Toutle upstream of the Green River
confluence was selected as the preferred alternative. With this plan the
maximum amount of sediment would be retained in the upper watershed. The
retention structure could be built in stages, allowing flexibility in
responding to actual rates of erosion from the debris avalanche. The
environmental effects of the preferred alternative include blocking the
passage of anadromous fish into the North Fork Toutle River above the
confluence with the Green River. Fish passage is proposed to mitigate this
impact. Retention of sediment behind the structure would substantially reduce
sediment deposition in the Toutle and Cowlitz Rivers, allowing the re-
establishment of riparian vegetation and the natural restoration of fish and
wildlife populations and habitat downstream of the structure. Requirements
for dredging in the lower Cowlitz and Toutle Rivers to maintain flood protec-
tion would be reduced. Sedimentation in the Columbia River would be reduced,
requiring less dredging to maintain the navigation channel and less disposal
of dredged material on riparian lands. Economic benefits would result from
the reduction in potential flood damages. Adverse social and psychological
conditions now evident and that would increase with a no—action situation,
would be lessened as residents received assurance that their homes and com-
munities were once again safe from destruction by flooding.

For further information please contact:
David Kurkoski

U.S. Army Engineer District, Portland
P.0. Box 2946

Portland, OR 97208

Telephone: (503) 221-6094
(FTS) 423-6094

Note: Information, displays, and maps referred to in the main report and
appendixes are incorporated by reference into this EIS.
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SUMMARY OF MAJOR CONCLUSIONS AND FINDINGS

Preferred Alternative

The Corps of Engineers considered five alternative plans to control the
movement of sediment from the debris avalanche on Mount St. Helens. The
alternatives include: limited permanent evacuation, sediment stabilization
basins, multiple retention structures with dredging, multiple retention
structures without dredging, and a single retention structure (SRS). No

action was also considered.

Engineering and economic studies determined that 4 single retention structure
on the Toutle River would be the most efficient and cost-effective means of
controlling sediment from the debris avalanche. The studies analyzed three
sites as potential locations for a single retention structure: LT-3, on the
main stem Toutle River at river mile (RM) 9.5; Kid Valley, on the North Fork
Toutle River at RM 6.9; and Green River, on the North Fork Toutle River at RM
13.5. Based on these analyses and their potential environmental effects, the
Green River site with a 177-foot structure and associated actions was selected

as the preferred alternative.

Physical Effects

An SRS at the Green River site would impound 299 mcy of sediment covering
3,267 surface acres during the 50-year project life. Ultimately 411 mcy of
sediment would be trapped over 4,100 surface acres. Total project lands at
the SRS site would total 7,470 acres. Staged construction could provide
flexibility in responding to actual sediment accumulation. Ponding of water
would occur behind the structure, which would detain river flows and increase
sediment trapping efficiencies. Two years of downstream dredging in the
Cowlitz and five years in the Columbia would be necessary to remove material
eroded downstream of the site and material passed downstream during

construction.
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Biological Effects

The Green River SRS would block passage of anadromous fish to upstream areas.
However, of the sites considered, the Green River site would block the least
amount of area and would allow unimpeded fish passage to the South Fork Toutle
River and the Green River. If fish passage is provided around this structure,
this fish blockage would be alleviated. Over the period of sediment delivery,
sediment would be trapped behind this structure and would cover the North Fork

Toutle River and portions of tributary streams.

The Green River sediment retention structure would allow the stream channel
downstream to stabilize, and riparian wetland and upland areas to develop.
Establishment of vegetation behind this structure would be retarded by sedi-
ment accumulation. Once sediment stabilization is achieved, vegetation would

reappear, developing into wetlands or wet meadows.

Social and Economic Effects

Positive effects to local social and economic conditions would result from
the control of sediment movement by a retention structure at the Green River
site. Community viability in the lower Cowlitz floodplain would improve with
this alternative because the threat of flood damages would be reduced. Busi-
ness and industry could invest and expand without the uncertainties which had

existed due to the continuing flood threat.

Cultural Resources

Investigation of the site of the Green River SRS and the sediment impoundment

area indicates that no significant cultural resources are present in the

project area.
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I. PURPOSE AND NEED

This draft Environmental Impact Statement accompanies a draft Feasibility
Report. The purpose of the feasibility study is to develop plans for a
permanent solution to the sediment problem and to recommend congressional

authorization and funding for construction.

Public Concerns: Intense public concern exists for protection of life and

property in the areas of the Lower Cowlitz and Toutle River valleys subject to
the threat of flooding resulting from continued sedimentation. Material erod-
ing from the debris avalanche on Mount St. Helens is being deposited on the
lower river channels, increasing the risk of flooding in the developed areas.
Containing the greatest population concentration in Cowlitz County, the lower
Cowlitz River flood plain is the area of greatest potential damage. Also, the
long-term preservation of the economic and social viability of the communities

on the lower Cowlitz is a major concern.

The fish and wildlife resources of the Toutle River system are the natural
resources of greatest concern in the study area. Mudflows following the

18 May 1980 eruption severely harmed fish and wildlife populations, but the
passage of time is expected to correct the damage done by nature. All of the
alternative sediment control plans have been evaluated to determine their
effects on the long-term recovery process of fish and wildlife habitat and

populations.

Planning Objectives: The primary planning objectives of this study are:

(1) the reduction of flood threat to life, property, and transportation
systems  and (2) the maintenance of navigation on the Columbia River. Other
planning objectives encompass protection of water quality, reduction of bank
erosion (including areas used for dredged material disposal), protection of
fish and wildlife resource, maintenance of cultural resources, and minimiza-

tion of adverse effects on the local economy.
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II. ALTERNATIVES

INTRODUCTION

This Feasibility Report constitutes the second major stage in evaluating
alternative measures and plans for controlling sediment from the Mount St.
Helens debris avalanche. The first stage involved the Comprehensive Plaﬁ,
which identified and screened through a plan formulation process measures to
control the sediment or reduce damages. These measures and the screening
process are described in appendix A, "Comprehensive Plan, the Planning
Process.” The analysis of alternative actions in the Comprehensive Plan
determined the single retention structure alternative the most efficient and
cost-effective means of meeting the planning objectives. The Feasibility
Report follows up on the Comprehensive Plan by focusing on three alternative
locations and a range of alternative sizings for the single retention

structure.

This Environmental Impact Statement covers both the alternative plans
described in the Comprehensive Plan and the alternative site locations for the
single retention structure analyzed in this Feasibility Report. This is
consistent with the regulations of the Council on Environmental Quality for
implementing the procedural provision of the National Environmental Policy Act
(40 CFR 1502-14).

PLAN FORMULATION: ALTERNATIVE MEASURES CONSIDERED

Most of the actions considered in this study were derived from measures taken .
during the emergency response to the eruption of Mount St. Helens. The Corps
of Engineers has been able to draw upon field experience in an unprecedented,
complex situation. This experience served as a pre-selection process. Of the
13 measures selected for screening, all have either been field tested or
derived from actions applied in the study area. In addition, the Corps' wide
experience in comparable flood-threat situations served in the determinations

of the preliminary screening.
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Measures considered for inclusion in plans addressing flood protection and

reduction of navigation impacts included the following:

o Temporary Evacuation: Evacuation of residents from vulnerable areas at
times of high threat of flooding.

o0 Limited Permanent Evacuation: Permanent evacuation of areas upstream of
Longview and Kelso, Washington. Federal, State, or local government would
purchase property. Use of the area would be limited thereafter.

o Land Use Regulations: Zoning restrictions and moratoriums on construction
in threatened areas.

o Seeding and Planting: Seeding and planting of appropriate vegetation in
the devastated areas around Mount St. Helens, with fertilization of
nutrient-poor sediment.

o Floodproofing: Alteration of structures to reduce or eliminate damage
from flooding; to be fully effective, measure requires maintaining access
to structure.

o Raise Bridges: Raising of Interstate Highway 5 bridges and the
Burlington-Northern Railway which span the Toutle River.

o Raise Cowlitz Levees: Raising of levees along the Cowlitz River in areas
of greatest potential flood damage, from Castle Rock to the mouth of the
Cowlitz River.

o Cowlitz Erosion Control: Stabilization of erosion from dredged material
disposal areas developed during emergency actions after the major erup-
tion, or from interim work, would be accomplished by resloping and
riprapping.

o Cowlitz Dredging: Dredging all or part of the Cowlitz River between its
mouth and confluence of the Toutle River.

o Channel Constrictions: Placing groups of pilings in a row across the
river current; constriction at times of high flow tends to create "ponds”
behind the pilings, thus reducing water velocity and promoting deposition
‘of sediment.

o Sediment Stabilization Basins (5SB): Continued excavation of ponds at
areas where the Toutle River naturally flattens; the ponds reduce flow
velocity, causing sediment to fall out.

o Multiple Retention Structures (MRS): Consists of construction of rockfill
dams. These structures reduce water velocity; as a result, sediment
settles out. High flows pass over a spillway.

o Single Retention Structure (SRS): Construction of a large retention
structure to capture eroding sediment. Floods would pass over a spillway.
Construction could be phased, as needed, until all eroded material is
stored.
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These measures were screened in two steps. In the first screening, the

following criteria were applied:

Basic: 1. Provides flood protection
2. Reduces impacts to navigation

Other: 1. Stabilized river banks
2. Maintains water quality
3. Minimized impacts to fish and wildlife

Measures that passed initial screening were subjected to more pointed,

specific criteria of a second screening, based on the following questions:

o To what extent does a measure trap sediment in the upper Toutle River
Basin? The more sediment that moves into the Cowlitz River, the more
problems it creates.

o Does the measure intend to use available, nearby sites for dredged or
excavated materials? The farther materials are moved, the higher the
cost.

o To what extent does the measure allow for fish migration? The smaller the

river blockage, the greater potential for accommodating fish passage.

o Is the measure consistent with current and planned land use? Prime agri-

cultural or other desirable land should not be used for dredged material
disposal areas.

o Is the measure compatible with other agency actions and authorities? Does
th2 measure compete with other agency actions and can a potential sponsor

participate in implementation?

o How effective is the measure? 1Is the measure implementable and can the
measure be implemented in time to satisfy the planning objectives?

o Is the measure acceptable to the public and the State of Washington as
well as local governments?

ALTERNATIVE PLANS

The second screening identified five measures warranting consideration as

alternative plans. These alternative plans are discussed briefly below.
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Limited Permanent Evacuation

Lands and improvements in the Cowlitz River flood plain upstream of Longview-
Kelso would be purchased and allowed to flood as the Cowlitz River filled with
sediment. Lexington and part of Castle Rock would be included in the pur-
chase. Some 5,000 people would receive relocation assistance. The flood
plain would include the Cowlitz Valley from Longview to Toledo. Additional
rights—of-way would be required for levees in Longview and Kelso. Then levees
would be raised and set back to accommodate higher river levels. The I-5 and
Burlington-Northern bridge and their approaches, would be raised where they
cross the Toutle and Coweman Rivers. Extensive dredging would be required omn

the Columbia River and possibly on the Cowlitz River as well.

Sediment Stabilization Basins

Sediment stabilization basins (SSB) would be located at three sites on the
Toutle River where SSB's have been operated before. SSB's are excavated sumps
in the river which slow stream currents so that the sediment settles out.

This process requires year-round dredging and extensive off-site disposal.

Low trapping efficiency during peak flows would require dredging in the
Cowlitz and Columbia Rivers.

Multiple Retention Structures with Dredging

Earth and rockfill structures would be constructed across the Toutle River at
four sites. These 40-foot-high structures would prevent sediment from passing
in all but extreme flood conditions. All four structures would be built con-
currently under this management strategy. Material would be dredged from
behind these structures on an as-needed basis in order to maintain trapping
capacity. Off-site disposal would be required for the large volume of dredged
material. Additional dredging would be required in the Cowlitz and Columbia

Rivers.
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Multiple Retention Structures without Dredging

Structures would be incrementally constructed across the Toutle River at three
sites. These 160- to 190-foot-high structures would prevent sediment from
passing in all but extreme flood conditions. Structures would be built in
sequence with the downstream structure being built first. As sediment was
trapped behind the structures, it would not be removed, but spillways would be
raised as needed. Downstream measures would be required to deal with the
material already in the system below the structure, including dredging on the
Cowlitz and Columbia Rivers.

Single Retention Structure

A single retention structure would be constructed to prevent sediment from
passing in all but extreme flood conditions. Sediment trapped behind the
structure would not be removed. Downstream measures would be required for two
years to deal with the material already in the system below the structure,

including dredging on the Cowlitz and Columbia Rivers.

Three sites have been identified for location of an SRS: LT-3 located on the
main stem Toutle River at approximately River Mile (RM) 9.5 at the mouth of
Hollywood Gorge near Tower; Kid Valley located on the North Fork of Toutle
River at approximately RM 6.9 near Kid Valley; and Green River, also located
on the North Fork of the Toutle River at approximately RM 13.5, just upstream
from the mouth of the Green River. Each of these sites has physiographic
features ideal for construction of a sediment trap. They are composed of
both narrow segments of the river valley, where a structure can be built
within rock abutments, and a much wider valley segment upstream, with a broad
flood plain area capable of storing large volumes of both sediment and water.
The configuration of the single retention structure would differ depending on
the location and on whether or not staged construction is used. Generally,
the structure would consist of an RCC gravity dam, an ungated overflow spill-
way discharging into a stilling basin, and an outlet structure to provide flow

and water quality control.
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NO ACTION

In this alternative, the Federal Government would take no structural or non-
structural action to control the deposition of sediment in the lower Toutle
and Cowlitz Rivers; however, the 40-foot navigation channel in the Columbia
River, an existing Federal project, would be maintained. Sediment transport
and deposition in the Toutle and Cowlitz Rivers would continue unchecked, as
described in the section "Envirommental Effects of Alternatives"” of this

environmental impact statement.

BASE CONDITION

A base condition has been selected which recognizes the continuing Federal

responsibility for flood protection measures much as those implemented peri-
odically since the May 1980 eruption. Continuation of interim flood protec-
tion on the lower Cowlitz is aﬁthorized by Public Law 98-63, enacted in 1983.

The base condition represents the level of flood protection which existed
following the completion of Cowlitz River dredging in December 1983. Using
data developed for the sedimentation analysis described in appendix C, quanti-
ties of material dredged to maintain the base condition have been estimated.
These quantities, listed in appendix D, exhibit 1, amount to 113 mcy over the
study period. Dredging would