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4. SYSTEM-WIDE PROGRAMMATIC
While many of the deficiencies identified during the routine and periodic inspections are items that can
be corrected through one-time actions, four types of deficiencies require routine and ongoing inspection
and maintenance. These categories include vegetation management, animal burrow inspection,
outfall/culvert inspections and maintenance, and miscellaneous maintenance items (e.g., removal of
homeless encampments, illegal dumping and fallen trees). King County has developed systematic
programs to address levee safety issues related to these four deficiency categories. The purpose of
these programs is to enhance the identification of levee safety issues before they become significant
problems and provide the basis for taking corrective actions. The following sections describe each of
these programs and their implementation during the current reporting period.

4.1. VEGETATION PLAN
4.1.1. INTRODUCTION
A Vegetation Plan for the PL 84-99 shoreline portions of the Lower Green River was prepared as part of
the Green River System Wide Improvement Framework Interim Report, to provide guidelines for
maintenance, repairs and capital design, and long-term stewardship of shoreline vegetation in the
vicinity of levees and floodwalls enrolled within the federal PL 84-99 program. The Vegetation Plan is
intended to ensure that SWIF implementation results in levees and floodwalls that function as designed,
can be inspected, are complementary to local land uses, while also managing vegetation to support
regional considerations for aquatic, floodplain and riparian habitat (Appendix A and G) under the Clean
Water Act and Federal Endangered Species Act.
During development of the Interim SWIF the USACE issued the Interim Policy for Determining Eligibility
Status of Flood Risk Management Projects for the Rehabilitation Program, Pursuant to PL 84-99 (USACE
2014), which continues to be in effect, reduced the number of eligibility criteria to maintain PL 84-99
levee enrollment. Under the Interim Policy, the USACE continues to inspect and rate vegetation on
levees to determine compliance with federal vegetation standards, the vegetation inspection ratings do
not factor into PL 84-99 eligibility determinations unless the presence of vegetation impedes inspection
of the levee. If existing vegetation does not comply with federal standards, the USACE will continue to
identify vegetation as a ‘deficiency,’ but vegetation deficiencies are not determinants of the overall
levee segment rating and program eligibility.
With the acceptance of the Green River SWIF Interim Report and associated acceptance of this
Vegetation Plan by the USACE, as well as consideration of the 2014 USACE policy, King County does not
anticipate future tree removals along PL 84-99 shorelines unless an individual tree is determined to be a
hazard for public safety or impedes levee inspectability. Native vegetation including shrubs such as
willows would also not be removed unless they impede inspection. Thinning of willows may, at times be
required to support levee inspections.
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Current shoreline vegetation conditions of the Lower Green River are variable. Depending upon
location, the vegetation ranges from sparsely vegetated and physically constrained, over-steepened
slopes to shorelines that have enough
space to support ample, diverse
assemblages of trees, shrubs and plants.
Much of the Lower Green River shoreline
is constrained by impervious surfaces
associated with commercial, industrial,
and residential land uses (Figure 4.1).
Typically, the closer the buildings, roads
and parking lots are to the top of a levee,
the more likely the shoreline vegetation
is dominated by blackberry, ivy and other
invasive shrub species. In these
locations, which include much of the 16
miles of currently enrolled, PL 84-99
leveed shorelines, there is not enough space available to support mature, tall canopied trees. There is
however adequate space in many locations to support some limited diversity of native plants and
shrubs.
With more space and gentler riverbank
slopes, shoreline conditions along the
Lower Green River can support additional
vegetation including a greater diversity of
native riparian vegetation,, including tall
shoreline trees. The Department of
Ecology published the Green River
Temperature Total Maximum Daily Load:
Water Quality Improvement Report (June
2011). One recommendation from this
report included planting additional
shoreline shade trees for the purposes of
reducing elevated water temperatures in
the Green River caused in part by the
currently degraded vegetation conditions. Benefits associated with carefully planted and stewarded
shoreline vegetation include: increased shade to the main channel; native shrubs that provide micro
habitat and climatic benefits; increased habitat for insects that feed birds and salmon; improved
shoreline stability in areas prone to erosion and slope failure; and overall, an improved condition for
people, fish, farmers and the community at large. Figure 4-1 Error! Reference source not
found.illustrates a possible future condition for Lower Green River shorelines, one with adequate space
to support well-functioning, PL 84-99 eligible levees and accompanying vegetation, tall trees, and
recreational trail features. The SWIF Vegetation Plan recommendations reflect a careful evaluation of
levee integrity, water temperature, habitat and public use considerations.
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Figure 4-1 Six target shoreline vegetation zones for PL 84-99 shorelines for vegetation management, repairs and
future capital project design

The Green River SWIF Vegetation Plan is structured to achieve the following outcomes, as part of SWIF
implementation:






More predictable and consistent levee operations and reliability, as well as vegetation
management and maintenance practices to support the annual inspections of PL 84-99 levees by
King County and the USACE;
Improved riparian habitat and shade conditions along the main channel of the Lower Green
River, along PL 84-99 shorelines;
Better alignment of flood risk management activities with regional considerations and
requirements to protect and restore natural resources of the Green River
Riparian vegetation communities on PL 84-99 shorelines that complement adjacent land uses,
including parks, recreational trails, farms, commercial/residential development and other land
uses.

These shoreline vegetation outcomes will be achieved through management of vegetation and through
implementation of capital projects and accompanying programs and policies.
Individual SWIF capital projects will have variable amounts of space that is available for design,
construction and long-term stewardship purposes. Accordingly, the Vegetation Plan is intended to serve
as a starting point for capital project design teams of funded capital projects. The Vegetation Plan’s
approach for design and managing vegetation according to vegetation management zones will result in
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more consistent and predictable maintenance, operations and stewardship of vegetation along
shorelines. It is beyond the scope of the Vegetation Plan to provide detailed vegetation guidance for
shorelines without PL 84-99 levees, of which there are approximately 25 miles along the Lower Green
River.

4.1.2. VEGETATION MANAGEMENT ZONES
Vegetation management zones are linked to specific portions of a Lower Green River PL 84-99 shoreline
that contains a levee or floodwall. Each zone shares common structural characteristics for which there
are related management considerations associated with PL 84-99 program eligibility; levee integrity;
water temperature, vegetation, and habitat; and public use and safety. A target vegetative structure is
proposed for each Vegetation Management Zone that reflects a balanced approach to designing and
maintaining structurally safe levees and floodwalls.
Six vegetation management zones for PL 84-99 shorelines (Figure 4-1 and Table 4-1) are identified to
achieve the following outcomes: plant/tree species selection guidance, location (specifically new trees,
with respect to the internal levee core prism); vegetation densities; and long-term vegetation
maintenance, operations and stewardship practices in the vicinity of current and potential future PL 8499 shorelines. This vegetation management zone guidance is intended to support design, construction
and long-term maintenance and operations, and decision-making.
Table 4-1 PL 84-99 Vegetation Management Zones (VMZ) Definitions
#
VMZ 1

Name
Landward Zone

VMZ 2
VMZ 3
VMZ 4

Landward Slope Zone
Crest Zone
Upper Riverward Slope

VMZ 5

Riverward Bench Zone

VMZ 6

Lower Riverward Slope Zone

VMZ physical location, along PL 84-99 shoreline
Area landward of the landward toe of a levee or floodwall,
includes a 15’ inspection zone.
Landward slope of the levee or floodwall
Top of the levee
Top portion of the riverward slope, between the bench and top of
bank
Flat bench that could be located at variable elevations on the
riverward slope
Edge of water, upslope to the bench, or if no bench, to the lower
edge of the upper riverward slope

In applying these vegetation management zone guidelines, site-specific benefits and risks should be
taken into account and vegetation planting and maintenance adjusted accordingly. Understanding the
potential effects of trees and other vegetation on levee integrity, channel roughness and other site-scale
considerations (see Table 4.2) will be evaluated as part of future designs and planting plans for PL 84-99
levee and floodwall capital projects. For example, in locations in which the establishment of tall trees
would substantially increase shade on the river, managing the risk associated with a tree adversely
impacting the function of the levee may be more warranted than in other locations where the potential
to create shade is negligible. Similarly, management of the riparian vegetation should be evaluated
with respect to public safety and public access.

King County, Washington

4-4

February 2019

FCD2019-02

Green River System -Wide Improvement Framework Interim Report
CHAPTER 4 SYSTEM-WIDE PROGRAMMATIC

4.1.3. PL 84-99 SHORELINE TYPES & BACKGROUND
All PL 84-99 shorelines along the Lower Green River can be roughly categorized, as a function of their
design, age and vegetative structure into one of three types:
Original Levee Construction and Repair (pre-bioengineering). This shoreline type accounts for the
majority of the Lower Green River PL 84-99 shoreline. Many of these levees were constructed to support
agricultural use in the 1930s and were bolstered over time, particularly during the 1960s. These leveed
shorelines were constructed in the 1960s and are characterized by limited native vegetation, few trees,
significant invasive plant species such as Himalayan blackberry (Figure 4.4), significant rock on the
riverward slopes, and often do not meet current design standards.
Prior to the advancement
of bioengineering and
levee setbacks as a means
of repairing damaged levee
systems, failing bank armor
was replaced with little or
no attempt to re-establish
native vegetation along the
shorelines. Over time, the
rock armor in these areas
has become filled in, and in
most cases covered, with
sand and silt which
supports plant
communities dominated by
invasive reed canary grass
and Himalayan blackberry.
Figure 4-2 PL 84-99 Shoreline: Original levee construction that in some
In a few locations robust
locations have been repaired
stands of willow and
dogwood have become established and are able to effectively shade out these invasive species.
The primary maintenance activity for these original levees is upper bank slope mowing conducted as
part of trail maintenance programs, and annual slope mowing by King County prior to the flood season
to aid in levee inspections and meet USACE requirements. Slope mowing targets primarily non-native
vegetation, predominantly reed canary grass and Himalayan blackberry, allowing the limited native
vegetation to remain.
Removal of nearly 500 trees in 2008 and 2009 to meet PL 84-99 eligibility requirements resulted in the
loss of many trees from the landward and riverward slopes. With completion of the Green River SWIF
Interim Report and associated acceptance of this Vegetation Plan by the USACE, King County does not
anticipate future tree removals along PL 84-99 shorelines unless an individual tree is determined to be a
hazard to the levee or public safety. Ongoing control of noxious and invasive weeds throughout the
levee system is also a routine part of King County’s levee maintenance program.
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Early Bioengineering Repairs and Bench Back Projects . A subset of PL 84-99 levees were repaired
using bio-engineered design strategies that incorporated native vegetation and the creation of gentle
shoreline benches, whenever possible,
for planting purposes (Figure 4-3).
Some of these bio-engineered repair
projects are over twenty years old and
have received varying levels of
maintenance and/or stewardship. As
feasible, capital projects and repairs to
address levee deficiencies will retain
existing native vegetation located at
the riverward toe of the shoreline
slope.
Approximately 53 levee or revetment
Figure 4-3 PL 84-99 Shoreline: Bioengineered Repairs
repairs were constructed by King
County or the USACE along the Green
River between 1990 and 2012; 46 had bioengineered elements. Due to the evolving nature of the design
approaches to levee repairs, varying site conditions and construction of projects by King County and the
USACE, the vegetation structure in these project areas varies. However, in general, they are
characterized by a riverward toe constructed with rock, wood, or a combination, geogrids with willow
and dogwood stakes, the construction of a mid-slope riverward bench (if there was sufficient room) to
allow for establishment of tree species, and upper riverward slopes either planted with grass or shrubs.
In a few cases native vegetation was planted on the landward side of the levee, but in most cases
landward vegetation was determined by the adjacent land-use.
In some cases, earlier bioengineered projects were compromised, over time, by landowner trimming or
removal of planted vegetation. In most cases, maintenance of these new project areas focused on the
establishment of native plants and the removal of invasive species. In one location, willows have been
routinely thinned to encourage the growth of slower growing tree species on the riverward bench. In
most locations, the rapid growth of willows, paired with minimal willow thinning, has limited the
successful establishment of large trees and native shrubs. Future vegetation maintenance actions will
target willow thinning in specific locations where dense shrubs may out-compete newly planted shade
trees. As the bioengineered projects have matured and in some cases grown into dense thickets,
vegetation has limited inspection of the levees from the crest as well as impacted recreational trail user
views to the river. In two locations revegetation has been so successful that some native plants have
had to be cut back to keep them from growing onto the paved trails.
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Recently Planted Levee Setbacks and Floodwall Projects Recently completed, or soon-to-be completed
large capital projects including the Reddington levee setback project in Auburn (Figure 4.6), as well as
multiple floodwalls and secondary containment structures on the right bank within the cities of Kent and
Tukwila (Figure 4.7). Vegetation in
this category is typically young, newly
established and is being monitored to
ensure permit compliance.
Vegetation in some newly
constructed and planted PL 84-99
shoreline areas is not consistent with
the vegetation management zone
guidelines presented in this chapter.
For example, in a few locations along
the Reddington levee’s shoreline,
shade trees were not planted
riverward of the newly constructed
Figure 4-4 Reddington levee setback in City of Auburn
Reddington levee, per the
specification outlined for Vegetation
Management Zones 4 and 5 (Figure 4.3). Over time, it may be possible to plant additional trees in these
locations to enhance shade provided to the main channel of the river.
Four recently completed Lower Green River flood protection projects (Reddington levee setback project
and the Briscoe-Desimone Sites 1-3 floodwall projects) contain newly planted vegetation that requires
ongoing maintenance and stewardship. These projects
occupy a unique niche in the discussion on long term
levee vegetation management, as their design was not
informed by the vegetation guidelines presented as
part of the SWIF Vegetation Plan. Some recent projects,
such as Briscoe–Desimone Sites 2 and 3 will likely
require additional toe protection work, thereby
presenting an opportunity to incorporate additional
vegetation at that time. These sites should be
evaluated for the potential to incorporate large shade
trees into riverward slopes of the project, especially if
Figure 4-5 Recently constructed floodwall in City of the Lower Green River Solar Radiation Priorities Map
Kent
(prepared by the Muckleshoot Tribe in support of the
Green River SWIF, 2013) indicates that the shoreline location is a shade tree priority.

4.1.4. SHORELINE SHADE TREES: CONSIDERATIONS AND RISK ASSESSMENT
Current Lower Green River riparian vegetation conditions do not meet the necessary shade conditions,
as recommended within the Department of Ecology’s Green River Total Maximum Daily Load (TMDL)
Report. The report provided a recommendation to establish 150 foot wide buffers comprised of large
trees that reach a height of 100+ feet, along the 21 mile long Lower Green River, as a means of achieving
Lower Green River water temperature standards. Currently, there is no approved TMDL Implementation
Plan for the Lower Green River, so shoreline shade tree strategies serve as a recommendation rather
than a legal requirement. The TMDL is important technical guidance for the Green River SWIF and the
SWIF Capital Plan will strive to achieve increased numbers and densities of shoreline shade trees
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through capital project design and construction, and ongoing approaches to vegetation management
and maintenance in the vicinity of PL 84-99 shorelines.
In addition to water quality issues, there have been many changes in the Green River basin over time
that have affected salmon populations and contributed to the overall listings of Puget Sound
populations of Chinook salmon and steelhead trout as threatened species under the ESA. Populations of
Chinook and steelhead have continued declining, even with actions being taken to recover listed
species. Vegetation management to improve habitat and water quality in the Lower Green Rivers is
very important to the recovery of Chinook salmon that tend to spend all of their time in freshwater in
the mainstem Green River.
The Vegetation Plan provides design guidance for large shade trees. In conjunction with balancing levee
safety and reliability, ecological, land use and other considerations, large trees would be planted most
densely in vegetation management zones 4, 5 and occasionally in zone 6 (riverward slope and riverward
bench), and less densely in Vegetation Management Zone 2 (landward slope). Shade tree planting
(spacing and location), as part of SWIF Capital Plan implementation, will be informed by the location of
the internal levee core prism), location of trail/access road typically located on the top of the levee
crest, or location/depth/type of floodwall.
Trees planted and maintained in the vicinity of PL 84-99 shorelines may require site-specific tree risk
assessments to determine whether potential hazard trees on the riverward or landward slope of the
levee warrant removal. . Once a tree on a levee falls, the pit created by the tree’s root ball is
susceptible to erosion and may result in damage to the levee if not stabilized. Removing hazard trees
before they fall will reduce the risk or erosion and levee failure during a flood event.
Site-specific tree risk assessments will be completed to help identify maintenance actions for trees when
site conditions suggest the tree could pose a hazard to the levee. For example, if a large tree shows signs
of dying or there are other indicators of instability and is located on the riverward slope, a risk
assessment will be completed. Removal of the tree may be necessary, and a site-specific assessment
would assist in making this determination.

4.1.5. VEGETATION AND CAPITAL PROJECT DESIGN
Achieving enhanced vegetation in the vicinity of levees and floodwalls enrolled in the PL 84-99 program,
requires space, between the PL 84-99 facility and the river’s edge, to support large trees and other
specified vegetation. Vegetation guidance within this Plan is intended to be scaled up or down, as a
function of the quantity of space that is available in the vicinity of levees or floodwalls, to support large
shade trees and other riparian vegetation. The amount of space each capital project will have between
the river’s edge and the levee or floodwall will determine how much and what types of vegetation will
be possible to plant and sustain over time.
Achieving adequate space to support large shade trees and other ecological and social objectives is
easier when levees are set back from the river. The recently completed Reddington levee setback
illustrates this concept; in some locations the existing PL 84-99 levee was rebuilt in a landward location
which in turn provided sufficient space between the newly constructed levee and the river to
accommodate a multiple use trail on the levee crest, as well as riparian vegetation, trees and other
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habitat features on the riverward side of the levee prism. The planned Lower Russell Road Project
(Chapter 3) is a similar levee setback project.
Less space is typically available to support vegetation and other outcomes with in-place PL 84-99 levee
replacements or floodwalls that are located within 100 feet of the river. Once funded, a capital project
design process will ensure that stable slopes, toe scour protection, and other factors of levee safety are
met. In addition to the amount of space available to construct a SWIF capital project, other criteria that
will be used for design of structurally sound levees and floodwalls as well as healthy vegetation and
trees include:









Levee slopes. Ideal levee slopes will be 3:1 riverward and landward. In some cases, a steeper levee
slope of 2.5:1 or less may be possible, if acceptable factors of safety can be achieved.
As-built levee or floodwall elevations. Achieving the 500-year provisionally approved flood
protection goal (18,800 cfs + 3 feet of freeboard) will determine the height of levees and floodwalls
at individual project sites.
Inner levee core prism. USACE design standards support a variable height between elevation of
levee crest and elevation of minimum levee core. Internal levee core prism details to consider
(Figure 4.8):
o Crest width = 10 feet
o 2:1 slope
o 10 – 100 year elevation for urban levees; this equates to a flow of 12,000 cfs at Auburn for
both the 10 and 100 year median estimate
Tree pull out pits. Large trees can be planted on the riverward slope (vegetation management
zones 2, 4, 5 and 6), so long as the tree pull out pit does not intrude into the internal levee core
prism.
Riverward toe protection. In vulnerable riverward toe locations, scour protection with associated
native shrubs and trees that can tolerate frequent inundation.
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Figure 4-6 Levee Slopes and Inner Core Levee Prism

4.1.6. VEGETATION MANAGEMENT
Existing trees and vegetation on PL 84-99 shorelines, as well as newly planted capital project areas,
require active maintenance and monitoring to ensure that inspections can occur and that the target
vegetative structure associated with each vegetation management zone is achieved. Though shorelines
may have the potential to meet the objectives associated with each proposed vegetation management
zone, it may not always be possible to achieve these desired outcomes due to site constraints, such as
adjacent land uses that are proximate to landward slopes of the levee or floodwall.

Routine and Enhanced Vegetation Brushing
Historically, King County has limited vegetation management on the Green River levees to annual
mowing of Himalayan blackberry and reed canarygrass. The slope distance of the annual fall mowing has
varied with the available mowing equipment and has ranged from approximately 15 to 25 feet. More
recently, routine mowing has been limited by available equipment to approximately 10-15 feet from the
top of slope except in locations where the equipment can safely operate further down the slope. In
areas where there is native vegetation on the slope, it is limited to feet. To address the need to improve
the inspectability of the levees in areas with native vegetation, King County has added four new
vegetation management activities to supplement the routine brushing and enhanced invasive brushing
including the creation of inspection trails on planting benches, limited upper slope brushing in locations
of native plantings, more aggressive removal of blackberries and other invasive vegetation within
planted willow stands to facilitate inspection through the willow stems, and limited thinning of dense
willow stands to allow levee inspection.

Native Vegetation
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Naturally occurring native shrubs on the lower Green River levees are found almost exclusively below
the annual mowing zone and are not subject to routine brushing. In the few places that native shrubs
are found in the mowing zone, crews have been instructed to avoid these plants. Some of King County’s
early partially bioengineered levee repairs incorporated willow cuttings just above the toe of the slope
to reduce flow velocities and mitigate impact on fish habitat. In 2001, King County began incorporating
native shrubs and trees in the middle and upper slopes of bioengineered levee repairs on the Green
River. Since the Corps 2014 interim policy on determining eligibility status for the PL 84-99 program
(USACE 2014), King County’s vegetation management efforts have focused on ensuring that levees can
be properly inspected. While the willows included near the toe of the earlier repair projects have only a
minimal impact on the inspectability of the levees, the more extensive plantings included in later
projects can begin to impact levee inspections as the plants mature.
To address the need to improve the inspectability of the levees in areas with native vegetation, King
County has added four new vegetation management activities to supplement the routine brushing and
enhanced invasive brushing described above. The new activities include:
 The creation of inspection trails on the constructed planting benches on projects built after
2000. These trails allow inspection of the lower slope and toe without the need to remove
excessive amounts of planted native vegetation.
 Limited upper slope brushing of vegetation at project sites where native vegetation was planted
to the top of the slope. The interim SWIF did not include a slope distance for mowing from the
top of the slope; however, King County has initiated this effort in three locations using 10 feet
from the top of the slope as a standard.
 More aggressive removal of blackberries and other invasive vegetation within planted willow
stands to facilitate inspection through the willow stems.
 Limited thinning of dense willow stands to allow levee inspection. To the maximum extent
possible, thinned material is used as planting stock at other King County project sites.

Hazard Tree Management
Trees are not currently being cut in response to their being listed as a deficiency item, unless they
are identified as a hazard tree. Hazard trees are rare but will continue to be identified and
monitored. Preparation of a tree management plan, as recommended in the interim SWIF is not
warranted. Evaluation of trees both with respect to the Vegetation Plan and hazard assessment.
Corrective actions (tree removals or alterations) will be taken when necessary. Any removal of trees
that threaten the integrity of the levee or are determined to be unsafe will need to be mitigated to
meet local, state and federal regulations. Any removal of trees that threaten the levee or are
determined to be unsafe will need to be mitigated to meet local, state and federal regulations.

Noxious Weeds Noxious weeds regulated by the state of Washington are routinely controlled on the
lower Green River levees. These efforts have largely eliminated Scot’s broom and made steady progress
on poison hemlock. Tansy ragwort, bull thistle and spotted knapweed are also regularly controlled and
are relatively uncommon but more persistent that Scot’s broom and poison hemlock. Canada thistle is
also present in some locations and but is considered a lower priority. State law does not require the
control of common tansy and so it is not aggressively controlled; however this species has been steadily
increasing, especially on the Corps 2009 PL 84-99 repairs. Given the slow but steady invasive nature of
this plant, and its potential future impact on inspectability, efforts to control it will be initiated in 2019.
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All PL 84-99 shorelines should be reviewed to identify distinct shoreline locations that could be revegetated to address chronic riverward toe erosion and slumping of the riverward slope. This
recommendation is consistent with a structural Interim Risk Reduction Measure that is proposed within
Chapter 5 of this report.

4.1.7. PL 84-99 VEGETATION CONSIDERATIONS AND GUIDELINES
Lower Green River shoreline vegetation, in the vicinity of levees and floodwalls, should be designed and
maintained consistent with the guidance presented within this chapter. Table 4.2 provides a detailed
overview of each proposed Vegetation Management Zone according to these categories:
 Overview of risks and considerations associated with vegetation. Risks and considerations
associated with vegetation are categorized by: structural integrity; inspectability; public use;
water temperature; and habitat.
 Target vegetation structure and plant palette for the zone. This subsection provides an
overview of the future desired vegetative condition for each vegetation management zone,
taking into account the risks and considerations associated with that zone.
 Operations, maintenance and stewardship considerations for the zone. This subsection
summarizes the maintenance guidelines associated with each PL 84-99 shoreline vegetation
management zone, taking into account the risks and considerations, as well as the target
vegetative structure and species associated with that zone.
Overarching considerations to guide SWIF implementation across all PL 84-99 shoreline vegetation
management zones:
 Continue to work with the USACE to ensure that continuing inspections take place in early
spring, during low flow, prior to leaf out of vegetation.
 Work with the USACE to incorporate water based inspections, as part of the continuing
inspections, to complement inspections by foot.
 Maximize space to support future capital project design, as feasible, that results in the levee or
floodwall structure being placed as far landward as possible, to achieve stable slopes,
sufficiently wide riverward benches, shallow sloping banks, large shoreline trees, recreational
trails and other design considerations.
 In advance of implementing SWIF capital projects (Chapter 3), identify potential early action tree
planting locations that would not compromise PL 84-99 levee integrity, in coordination with
other parties working to improve the vegetated condition of the Lower Green River shoreline
(e.g., WRIA 9, Muckleshoot Tribe, etc.).
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Table 4-2 PL 84-99 Shoreline Vegetation Management Zone Guidelines

(VMZ)

VMZ 1:
Landward
Zone

Description








Area landward from
the landward toe of
the levee
VMZ 1 width is
variable, as a
function of land
uses adjacent to the
levee or floodwall.
Includes a 15 foot
wide inspection
zone that runs along
the landward side of
the levee prism. In
some location this
15 foot inspection
zone may be set
more landward of
the levee to allow
inspection of levee
drainage systems.
Dominated by
residential and
commercial
landscaping, parking
lots, parks, golf
courses.

King County, Washington

Levee Function and Other +/ Considerations Associated with
Vegetation in This VMZ

Target Vegetative
Structure

Levee integrity

Vegetation in this VMZ should not impact levee
stability

Vegetation in 15’ inspection zone could impede
physical access or inspection, especially during
emergency flood fights
Water Temperature

Mature trees (100’ height) within the shoreline
zone could cast shade to river. With increased
distance from river, though are expected to be
less effective in casting shade to the river than
trees established in riverward vegetation
management zones.
Public Safety

Tall deciduous trees could drop limbs and leaf
litter on the trail or adjacent properties.

Dense mid-height vegetation could attract
homeless encampments

Internal drainage systems, sew er systems and
sub-surface infrastructure may be impacted by
vegetation planted in this zone.
Riparian Habitat

Riparian habitat values in this VMZ are reduced
by the distance from the water’s edge and
physical disconnection from other riparian
habitat features, but native vegetation in this
zone could provide shade, prey (e.g. insects)
and leaf litter resources, wildlife habitat, and
erosion control benefits (per WRIA 9 scientific
recommendations).

15’ inspection zone : In
most cases this subzone
will be maintained as a
tree and shrub free zone
to allow detection of
seepage through the
levee and to support
emergency flood fight
access. Shrubs should be
kept at a minimum to
allow detection of
seepage.
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Operations,
Maintenanc e and
Stewardship





Watering, weeding and
ongoing control of
invasive/noxious weeds
Pre-flood season
mowing in the 15 foot’
inspection zone
Identify and monitor
trees that may pose a
hazard to the levee or
present a public safety
concern

Landward of 15’
inspection zone:

Tall 100’+ trees,
maintained to
support other public
and adjacent land
uses may be
appropriate

Intermediate height
riparian trees

If VMZ 1 is adjacent
to open space that is
not characterized by
public or private
land uses, it may be
appropriate to
incorporate more
trees, shrubs and
other native
vegetation.
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(VMZ)

VMZ 2:
Landward
Slope

Description




Area from the
landward toe/base
of the levee to the
landward edge of
the levee crest
Current vegetation
in this VMZ is
variable and
typically reflects
adjacent land uses,
landscaping, and
sometimes includes
invasive species
such as English Ivy,
blackberry and reed
canary grass.

King County, Washington

Levee Function and Other +/ Considerations Associated with
Vegetation in This VMZ
Levee integrity

Large trees located in this zone could pose a
risk to levee integrity (blow downs, roots
penetrating through the levee). A levee
specific risk assessment will take into account
location of the interior/minimum levee prism
with respect to this VMZ. If sufficient depth of
soil material is available, large trees and their
roots are less likely to pose a risk to levee
integrity.

Large trees located in this VMZ that are
established in material that is surplus to the
minimum levee prism) should not pose a risk to
levee integrity

Downed and dead trees in the zones require
root removal to minimize seepage

Dense vegetation in this zone would limit
inspection for sources of seepage, animal
burrows and seepage during flood events.
Water Temperature

Tall trees located in this VMZ (100’ height or
taller) may have the potential to cast shade to
the main channel. In priority Shade Tree
locations (see MIT Sun Map) the benefits
associated with establishing some tall trees in
conjunction with a systematic vegetation
monitoring program, could outweigh the
potential risks
Public Safety

Dense mid-height vegetation in this zone may
increase public safety concerns, especially
when public trails are located on the top of
levees
Riparian Habitat

This VMZ is physically separate from the
riparian zone by the levee crown, which
typically contains an access road and/or
recreational trail. Riparian vegetation has less
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Target Vegetative
Structure






Upper 10 feet of the
landward slope will
be kept in a mowed
state, to support of
annual inspections,
as well as to meet
trail user safety
needs.
If levee geometry is
appropriate with
respect to slope as
well as the location
of the minimum levee
prism within the
overall as-built levee
prism, some large
shade tree species
(target mature height
of 100’ or more) may
be planted in this
VMZ, as guided by
the MIT Sun Map.
Low density, low
height shrubs may be
established in this
VMZ, so long as they
do not spread
creating dense
thickets.

Operations,
Maintenanc e and
Stewardship








Slope mower for the top
10 feet of the landward
slope
Ensure vegetation is
managed to allow
inspection for seepage
where possible
Watering, weeding and
ongoing invasive plant
management
Hand brushing around
trees and shrubs prior
to inspections
Removal of lower limbs
of trees to allow
inspection as needed
Ongoing hazard tree
management
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(VMZ)

VMZ 3:
Levee
Crest

Description









Variable width, flat,
top of the levee,
between the
landward slope and
the upper riverward
slope
Some existing
landward and
riverward slopes are
gentle – hard to
discern edge of
levee crest
Typically contains
paved recreational
trails and/or
maintenance access
roads. On the
Dykstra levee, the
levee crest is mostly
an extension of
adjacent residential
lawns/landscaping.
Typically contains a
narrow band of
herbaceous
vegetation, invasive
and noxious weeds,
on each side of
trail/road or
maintained lawn.

King County, Washington

Levee Function and Other +/ Considerations Associated with
Vegetation in This VMZ

Target Vegetative
Structure

value in this VMZ, given the physical
disconnection from the shoreline. However,
native vegetation in this zone could provide
shade, prey (e.g. insects) and leaf litter
resources and wildlife habitat benefits (per
WRIA 9 scientific recommendations).
Levee integrity

Most if not all levee crests zones are too narrow to
accommodate additional vegetation

Trees and shrubs are not appropriate for this zone,
due to root penetration and potential for large pits
to be exposed at the root zone, if blown down. If
levee crest is wide enough, it may be possible to
plant trees which would not result in damage to the
Corps minimum levee prism; this is the exception
rather than the rule given relatively narrow widths
for VMZ 3.
Water Temperature

Though shade trees planted in this zone have a high
potential to cast excellent shade to the main
channel, the risks to levee integrity outweigh the
benefits to water temp/quality unless the levee
crest is overbuilt.
Public Safety

Recreational trail user safety and visibility may be
impacted with mid-height shrubs in this zone.
Riparian Habitat

This zone serves as a physical barrier to achieving
connected riparian habitat, given its location
between the riverward slope and the landw ard side
of the levee.

Native vegetation in this zone could provide benefits
including shade, leaf litter resources, wildlife
habitat, , and invertebrate prey input for fish.
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Unless this zone
is widened, as
part of a levee
setback or other
capital project –
this zone’s
target
vegetation is
grass shoulders
adjacent to
paved
trails/roads or
lawn.

Operations,
Maintenanc e and
Stewardship







Control of invasive
species
Mechanical
brushing/mowing of
shoulders
If crest is wide enough
to support trees,
limbing of hazard
brances for public
safety
Inspection and
maintenance of hazard
trees.
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(VMZ)

VMZ 4:
Upper
Riverwar
d Slope

Description








Size will vary but is
typically the upper
1/3 to 2/3 of the
entire levee’s
riverward slope, as
measured from
ordinary high water.
Existing slope
gradients for this
VMZ vary from very
steep (<2:1) to more
gentle (3:1)
Riverward extent of
this VMZ may be
defined, in some
locations, by the
presence of a
riverward bench.
Some repaired or
rehabilitated levees
contain dense,
stands of native
shrubs/plants that
are over 10 years
old, planted in
accordance with
varying design
guidelines in place
at the time of
construction.
Outside of
completed levee
repair and
rehabilitation
projects, this VMZ
typically contains
invasive species and

King County, Washington

Levee Function and Other +/ Considerations Associated with
Vegetation in This VMZ
Levee integrity

Large trees or tall shrubs planted in this zone
may pose a risk to structural integrity (scour at
roots at high flows – low probability but high
risk) and may also limit visibility in support of
levee inspections unless they are planted in
areas surplus to the minimum levee prism
Water Temperature

Shade trees (100’ or taller) in this zone have
the potential to shade the main channel and
improve water temps/quality

Slope gradient should be considered prior to
planting large shade trees
Public Safety

Dense mid-height vegetation in this zone may
encourage encampments
Riparian Habitat

This zone has the potential to contribute
important structural elements (shade and
cover) and functional (nutrients, organic
supply, etc) riparian and riverine habitat needs.
Design Considerations

The further landward the minimum levee core
is built, the greater the depth of surplus soil
on the upper riverward slope that can support
trees that can be established to help meet
temperature reduction objectives.

The impact of vegetation on roughness a nd
conveyance needs to be considered in the
levee design and planting plan.

Upper riverward slope vegetation height and
density will need to account for the inspection
zone that is typically mowed.

In order to make room for the creation of a
riverward bench with sufficient width to
support large tree planting, the slope of the
upper riverward slope may need to be steeper
than the target 3:1 slope.
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Target Vegetative
Structure






Riverward vegetation
management zones
offer the best
locations to improve
riparian habitat and
shade conditions.
Yet, establishing
large trees, shrubs
and other native
plant species in these
areas may also
compromise levee
integrity and public
safety if levee
geometry is not
taken into
consideration.
Target vegetative
structure for this
zone must be
customized to reflect
unique site
conditions (e.g. slope
gradient, public
access, etc.)
With careful
placement and
ongoing
maintenance/steward
ship, large shade
trees should be
established in this
zone, whenever
possible
In general, target
vegetative structure
for this zone should
mimic natural

Operations,
Maintenanc e and
Stewardship








Installation/removal of
filter fabric sheet
mulch on planting sites
Watering, weeding and
ongoing invasive
species management
Mowing of the upper
10-15 feet of the
upper riverward slope,
except where native
vegetation existing.
Mowing width
dependent on slope
and shoulder
conditions which effect
mower reach.
Limbing of lower
branches of shade
trees to allow
inspection
Ongoing inspection of
trees for overall health
and potential scour.
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(VMZ)

Description

Levee Function and Other +/ Considerations Associated with
Vegetation in This VMZ

Target Vegetative
Structure

non-native
vegetation

VMZ 5:
Riverwar
d Bench







This VMZ (riverward
benches) may or
may not be present
along existing
levees. Benches are
formed by natural
processes or
intentional design
as part of a capital
project
Benches formed by
sand/silt deposits
on over-steepened
slopes often
contribute to slope
failure. These
benches typically
support dense
stands of blackberry
and reed canary
grass
Intentionally
designed benches
are level features
that are typically
planted with native
shrub and tree

King County, Washington

Levee integrity

Vegetation in this zone has little to no effect to
levee integrity

Constructed benches are intended to support
large trees and mature riparian vegetation

Benches in this zone can also support
inspection footpaths
Water Temperature

Constructed riverward benches offer ideal lar ge
shade tree planting locations due to level
planting surfaces and proximity to the river.

Current dense, vegetative conditions may limit
rapid growth of trees (too much shade). Future
vegetation management practices for this VMZ
can address this.
Public Safety

Most benches are not accessed by the public,
with the exception of some anglers and tribal
fishers
Riparian Habitat

This zone is the 2nd closest to the river’s edge
and offers excellent potential to establish
multi-canopied (trees and shrubs) riparian
vegetation which meets multiple habitat
objectives (shade, high flow refuge for fish,
invertebrate prey, microclimate, wildlife
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riparian zones as
much as possible to
include a wide range
of tree and shrub
species while
accounting for the
minimum necessary
mowing to meet trail
safety requirements
and to facilitate
inspection
Priority for this zone
is to
establish/maintain
large shade trees
Shrub species in this
zone should be shade
tolerant unless the
bench is wide enough
to allow the
establishment of
more complex
communities without
compromising
inspection of the
upper and lower
riverward slopes via
minimally maintained
inspection trails.
All tree and shrub
species planted need
to have hardy root
systems that can
sustain intermittent
siltation/sedimentati
on from the river’s
depositional
processes

Operations,
Maintenanc e and
Stewardship






Installation and removal
of fabric sheet mulch
may be necessary on
naturally occurring
benches which have
with well-established
communities of invasive
vegetation.
Watering, weeding and
ongoing invasive spec ies
management.
Maintenance of one or
more inspection foot
paths on the bench.
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(VMZ)

Description

species. These VMZs
have typically been
managed to allow
the maximum
possible growth of
native vegetation.
Future wider
riverward benches
are desirable to
accommodate shade
trees in priority
shade areas (MIT
Sun Map)



VMZ 6:
Lower
Riverward
Slope



Variable size,
ranging between
1/3 to 2/3 of the
levee’s lower
riverward face.

King County, Washington

Levee Function and Other +/ Considerations Associated with
Vegetation in This VMZ
habitat, erosion control, wood supply, and
nutrients).
Design Considerations for vegetation

A bench located riverward of a levee or
floodwall is the most effective and potentially
least risky place to establish large shade trees.
Design options include: establishing o ne wider
bench; multiple benches at various heights; or
instead of benches the design of but very
gradually sloping banks that support trees and
shrubs. Bench width should be maximized, as is
feasible.

If a launchable toe is to be installed beneath
the riverward bench, the impact of the toe
launch and destabilization of the riverward
bench on the achievement of vegetation
outcomes must be estimated and mitigated.
Identifying the extent to which the toe launch
will impact the bench should be considered
when developing the vegetation plan for the
site. It may be desirable to limit plantings in
these areas to plants that have the greatest
chance of adjusting to a changing surface.

Benches must contain a sufficient depth of
uncompacted soil over structural mat erials to
allow vegetation establishment and growth.

The impact of vegetation on roughness and
conveyance needs to be considered in the
levee design and planting plan.

Riverward bench vegetation height and density
may l need to be adjusted in some locatio ns to
support some opportunities for views of the
river from the levee crest.
Levee integrity

Trees planted in this zone have limited impact
to levee integrity, as this zone is typically
outside the minimum levee prism. Large trees
planted in this zone should not be installed
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Target Vegetative
Structure



Target vegetative
structure of this zone
depends upon
whether a bench is

Operations,
Maintenanc e and
Stewardship




Watering, weeding and
ongoing invasive
species management
Once established in
appropriate locations,
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(VMZ)

Description







Depending on the
presence and
elevation of a
midslope bench
(VMZ 5), it may be
appropriate to use
the bench to define
the break between
the upper and
lower riverward
slopes. Most areas
in this zone
currently
dominated by
blackberry and
reed canary grass
Some areas have
been planted with
willows, as part of
levee repair capital
projects. Willows
overhang the river
~5 meters in less
than a decade
This zone is almost
always too steep to
travel by foot due
to depositional and
slumping processes

King County, Washington

Levee Function and Other +/ Considerations Associated with
Vegetation in This VMZ
directly above toe rock, due to risks associated
with the tree falling and dislocating structural
elements.

Smaller, water tolerant riparian species
(willows, dogwood, etc.) are more appropriately
placed, in conjunction with toe rock

Willows provide exceptional levee stability
benefits, given their dense root structure,
durability and fast growth
Water Temperature

Willows and other smaller scale riparian species
of this zone are typically fast growing and
provide localized shade to the main channel
Public Use

Willows often outcompete other planted
riparian species and when leafed out, have the
potential to create a ‘willow wall’ effect –
effectively blocking all views of the river
Riparian Habitat

Riparian plants, shrubs and smaller tree species
in this zone are directly in contact with the
river and its natural processes. Habitat
benefits (structural and functional) are
plentiful and include physical and visual
protection from predators for salmonids, as
well as insect leaf and drop to support the
aquatic food chain. Shallow slow water in and
adjacent to this area with wood and native
vegetation provide optimal rearing habitat for
juvenile salmonids.
Design Considerations

Identify lower growing vegetation locations to
support views of the river from the levee crest

On existing PL 84-99 shorelines, ID vulnerable
scour locations at the current riverward toe
that would benefit from the structural stability
of planting additional water tolerant shrub
species, as outlined within Chapter 5 (IRRMs).
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Target Vegetative
Structure







present and if so, its
elevation
Water tolerant
riparian species
(smaller trees and
shrubs) able to thrive
with occasional
inundation and
sedimentation/siltati
on are appropriate
for this zone
At the extreme lower
limit of this zone
(10-15’ from water’s
edge, up slope),
willow and dogwood
should be used
almost exclusively
Willow plantings
interspersed with
significant sized
groupings of other
water tolerant
shrub/tree species
(dogwood, etc.)

Operations,
Maintenanc e and
Stewardship
willow and dogwood
species require limited
to no maintenance
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4.2. VEGETATION MANAGEMENT WORK PLAN
Implementation of the SWIF Vegetation Plan is ongoing. The current deficiency list includes 52
vegetation management sites. King County has been using ‘enhanced brushing” to address sites that
have not traditionally been brushed due to equipment limitations. These sites are being managed using
hand labor to remove Himalayan blackberry and other invasive growth around bridges, fences and other
obstructions that have historically precluded mechanized brushing.
Twenty-four sites include a combination of trees and other vegetation. The enhanced brushing effort
has largely addressed the shrub and herbaceous vegetation called out for these sites; however, the
continued presence of trees in these locations will result in these deficiency sites remaining on the
deficiency list after future inspections.
Of the 52 vegetation management deficiencies, 37 are for sites that are listed solely because of the
presence of trees. As stated above, trees are not currently being cut in response to their being listed as
a deficiency item, unless they are identified as a hazard tree. During 2018, one large dying maple tree
(RM 23) on the riverward slope near the levee crown was identified as a hazard. A recommendation
was made to remove the dying tree due to potential damage to levee if overturned during wind storm,
as well as hazard to public from large overhead branches. Hazard trees are rare but will continue to be
identified and monitored. Preparation of a tree management plan, as recommended in the interim SWIF
is not warranted. Any removal of trees that threaten the levee or are determined to be unsafe will need
to be mitigated to meet local, state and federal regulations.

King County, Washington
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Below are King County examples of vegetation work program excerpts for vegetation management on
and adjacent to levees.

Figure 4-7 Horseshoe Bend: Vegetation Management Work Program Excerpt

King County, Washington
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Figure 4-8 Desimone Vegetation Management Work Program Excerpt

4.3. ANIMAL BURROW MONITORING PROGRAM
4.3.1. BACKGROUND
Animal burrows have been identified by the Corps as a potential levee failure risk and are documented
during routine and periodic inspections. These deficiencies are simply described as “animal burrows “in
the Corp’s inspection reports; neither species identification nor recommended control methods are
included in the reports.
King County, Washington
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King County has determined that the burrow sites called out in the joint inspections are created by
Townsend’s Mole. These burrows are easily identified by the characteristic mound of soil left on the
surface as the animal constructs its burrows. The vast majority of these burrows are shallow hunting
burrows but Townsend’s moles are also known to construct deeper runways. Burrows that extend
through a levee prism could be a source of piping during flood events. While Townsend’s Mole burrows
are typically only about 2 inches in diameter, internal erosion of a burrow during high water could lead
to levee failure. Burrows that have openings on both sides of the levees are termed “transverse
burrows” in this document.
Since 2014 King County has been working to characterize the potential risk Townsend’s Mole burrows
pose to the Lower Green River levees. This work has included a literature search to better understand
the habits of Townsends Mole’s, a research paper on mole control, and field inspections to identify
locations in which mole burrows have created transvers burrows. Transverse burrows are identified
through smoke testing.
The purpose of this section is to document King County’s efforts to monitor and manage animal burrows
on the Lower Green River levees. This section includes an overview of King County’s animal burrow
inspection procedures, general notes on inspection considerations, lessons learned through the program
along with a year-by-year summary of animal burrow related efforts and outcomes.

4.3.2. INSPECTION PROCEDURES
In 2015, King County developed draft procedures for inspecting burrows made by Townsend’s moles.
The procedures have been updated based on lessons
learned during early trials. Inspections are conducted by
driving the levee systems looking for locations in which
burrow
mounds are
found on
both side of
the levee
within a 50100 foot
levee subsegment.
Figure 4-10 Briscoe-Desimone 2015
Once a set of Test Site (Landward Slope)
burrows has
been found, at least on burrow is exposed on each side of
Figure 4-9 Briscoe-Desimone 2015 Test Site
the levee. A commercial smoke candle is then inserted into
(Riverward Slope)
one of the burrows and a leaf blower is used to push the
smoke into the burrows. The test is run for at least one minute to allow time for the smoke to pass
through the burrows. If smoke emits from the landward burrow or burrows, a transverse burrow has
been located. All test sites are located with GPS and the approximate vertical distance of each burrow
below the levee crest, and the distance between the burrows, are documented. Transverse burrows are
also physically marked on the paved trail or with survey stakes where there is not paved trail.

King County, Washington
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4.3.3. INSPECTION EFFORTS AND OUTCOMES
2014 (Fall): An Initial investigation of the Briscoe-Desimone and Boeing levees was conducted to
determine the nature and extent or the animal burrows and to consider inspection method. A mole
control research paper and a preliminary report on King County’s animal burrow response was
completed.
2015 (Winter): Smoke testing methods were developed and the entire levee system was inspected. A
total 32 sites were tested. One transverse burrow was located on the Briscoe Desimone levee. The
remaining 31 tests were negative for transverse burrows.
2016 (Winter): A total of eighteen sites were identified and tested. Of these, two were positive and
sixteen were negative for transverse burrows. The transverse burrow discovered in 2015 on the
Briscoe-Desimone levee was still present. After completing the Briscoe/Desimone Levee Crest
Reconstruction project, which included compaction with at 10-ton vibratory roller, the transverse
burrow at this site was re-tested. The test was negative and the burrow was assumed to have been
collapsed.
The second transverse burrow was found at the crest of the Meyers Golf levee. This burrow was
believed to be a shallow hunting burrow immediately under the levee crest. This site was within a
relatively broad levee segment with a minimal landward slope height so was not considered a problem
but was noted for future monitoring.
2017 (Spring): The inspections included some revisions to procedures based on the 2015 and 2016
experience. The inspection was completed for the entire levee system. Sixty pairs of burrows were
tested, all of which were negative for transverse burrows.
2017-2018 (Fall/Winter): The entire levee system was inspected. Thirty eight sites were tested, one of
which was positive for transverse burrows. This was in approximately the same location as the
transverse burrow located on the Briscoe-Desimone levee in 2015 and 2016. The remaining 36 tests
were negative. Two small burrows that did not appear to have been made by Townsend’s moles were
found on one side of the Tukwila 205 levee adjacent to high ground.
2018 (Fall): The entire levee system was inspected resulting in the identification and testing of 26 sites.
A transverse was identified at one site on the Tukwila 205 (Christiansen Road segment.) This burrow
was in a location where the levee was backed by high ground and both burrow openings were in the
levee crest so no action was deemed
necessary. The remaining 25 tests tested
negative. Testing in the vicinity of the
transvers burrow previously identified at the
Briscoe-Desimone levee was negative. An
attempt to eradicate the moles in this area in
the Spring of 2018 using commerciallyavailable bait did not appear to be successful
based on the on-going presence of burrow
mounds in this location.
Figure 4-11 shows a typical test in which
smoke emits from numerous shallow burros
and covered burrow openings on only one
side of the levee. Smoke emitting through the
soil along the shallow hunting burrows often

Figure 4-11 Typical Testing

King County, Washington
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stops or turns approximately one foot from the trail, presumable because the animals do not want to
burrow through the compact trail base course.

4.3.4. TRAVERSE BURROW MITIGATION AND MOLE CONTROL
While the testing suggests that Townsends moles rarely dig transverse burrow through the Green River
Levees, King County will continue to inspect the entire levee system at least once per year in the fall or
early winter after the annual levee mowing is completed. King County has been in communication with a
grouting company and is prepared to grout transverse burrows as they are found.
The GPS locations of all test sites will be kept in an ArcGIS project and results will be added to the
Burrow Response Summary Report which was last update in December of 2018. This report includes
additional notes on the testing procedures and observations and together, with the Arc GIS project and
the testing protocol, make up the documentation for King County’s animal burrow inspection program.

4.4. OUTFALL INSPECTION AND MONITORING
4.4.1. OUTFALL INSPECTION PROGRAM
Since the initial inspection of the levee penetrations and outfall closure structures, King County has
developed a program to ensure that all outfalls are inspected and maintained on a regular basis.
Pursuant to the USACE Levee Owner’s Manual for Non-Federal Flood Control Works, March 2006 Public
Law 84-99, these inspections include semi- annual pre- and post-wet season inspections, and
inspections before and after high-water events. High water has been defined as any time the discharge
at the USGS Auburn gage is predicted to, or actually reaches 9,000 cfs. The routine inspection program
also includes CCTV inspections every five years.
In 2016, to facilitate and ensure proper documentation of culvert and outfall inspections, King County
created an outfall inventory and inspection data collection system and database. The inspection
program is based on field collection of data that is entered directly into the database using a tablet
based data collector. The program includes both an asset log-in function which allows one-time
documentation of the attributes of each outfall, and an inspection module that includes fields for semiannual, flood and CCTV inspections.
During the current reporting period, the data collection systems was developed, all outfalls assets were
entered into the system, and the 2017-2018 pre-flood season inspections were completed. The asset
and inspection data was integrated into King County’s River Facilities Inventory (RFI) during 2018. The
RFI is an existing database used to store facility characteristics, historical repairs and ongoing inspection
data for all of King County’s flood protection facilities. This integration allow the County to query outfall
inspection history and efficiently identify inspection needs.

4.4.2. OUTFALL INSPECTIONS
There are 41 outfalls in the levee systems currently in the PL 84-99 program. Concurrent with initiating
deficiency corrections, King County worked to improve its flood protection facility asset management
system. Improvements include routine inspections and condition assessments of internal drainage
systems associated with each flood protection facility. Specific to outfalls, condition assessments were
conducted starting in 2014. These inspections included visual and closed circuit television (CCTV)
viewing of all pipes penetrating the levee embankments. Since 2013, thirty four of the outfalls have had
their initial CCTV assessment completed. During 2018, twelve systems were re-inspected and six outfalls

King County, Washington
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at the recently completed Reddington setback project were also inspected. Additionally, a new outfall
along the Tukwila 205 levee was also identified, the inspection ratings rated this item as Unacceptable. A
CCTV inspection was completed later in 2018 and no deficiencies identified. CCTV inspections of all
outfalls will be conducted every five years. Information gained during these inspections is used to
identify culvert condition, deficiencies, and maintenance needs. Currently there are seven outfalls in
need of repairs in 2019.
While King County is ensuring that the levee penetrations are inspected, maintenance of the culverts
and upstream storm water systems has remained the responsibility of the public or private system
owner. King County has assumed responsibility for both the inspection and maintenance of the outfall
closure structures.

4.4.3. OUTFALL DEFICIENCY CORRECTIONS
In 2018 King County corrected six outfall closure structure deficiencies identified both through the Corps
PL 84-99 eligibility inspections and King County’s independent inspections. The City of Kent replaced
one pipe and outfall splash pad in 2017. Tukwila will be performing one pipe replacement in 2018. One
additional culvert deficiency will be addressed as a near term capital project. There are four planned
actions to correct deficiencies in 2018, two of these are included in the Corps inspection deficiencies.
Table 4-3 summarizes recently completed and planned outfall deficiency corrections.
Table 4-3 Outfall Inspection Items and Status

Facility

River
Mile

Correction Description

Corps Listed
Deficiency

Status

Tukwila 205

12.84

Bank armoring restored
following scour damage from
pump discharge. Completed
2017.

No

Completed by King
County in 2017.

Tukwila 205

13.25

Culvert replacement due to root
blockage and rust penetration

Yes

Planned for 2019
by Tukwila.

Tukwila 205

14.3

Flapgate missing, new outfall
found in 2018 needs CCTV

No

Inspect and CCTV
in 2019 by Tukwila

Tukwila 205

14.9

Install flapgate and grout 6 inch
diameter penetration at Station
169 ft landward from outlet.

Yes

Planned in 2019 by
King Co.

Tukwila 205

15.64

Remove abandoned steel intake.

Yes

King County to
grout in place in
2019.

Tukwila 205

15.85

New outfall found in 2018
inspection.

Yes

Inspection & CCTV
performed in 2018.
No Deficiencies
observed.

Tukwila 205

16.54

Internal drainage pipe has rust
penetration and deformation

No

King County is
working with
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landward of outfall. Pipe in poor
condition requires relining or
replacement.

WSDOT to repair
pipe.

Tukwila 205

16.75

Abandon temporary intake in
cutoff levee. Utility conduit

Yes

USACE meeting
with owner. No
action required.

Russell Upper

20.35

Removed slumped material and
extended pipe for outfall

Yes

Completed in 2018
by Kent.

County Rd 8

23.05

Grout or replace separated pipe

Yes

Planned in 2019 by
WSDOT.

Hawley

23.19

Backfill and armor slope scour
under concrete apron

Yes

Planned in 2019 by
Kent

Horseshoe
Bend

24.78

Private overhanging outfall pipe
shortened to bank.

Yes

Completed in 2018
by King County.

Dykstra

30.67

Repair perforated pipe

Yes

Completed by
Auburn in 2017.

Dykstra

30.69

Re-locate manhole and replace
pipe.

No

Near-term action.

Note: Rive Mile locations in this table are interpolated from Corps stationing and may not match other
sources.

4.4.4. MISCELLANEOUS MAINTENANCE
In addition to the subject-specific programmatic maintenance described above for vegetation, animal
burrows and outfalls, King County now routinely addresses other potential levee deficiency issues in a
proactive manner. Typical miscellaneous maintenance items include removal of homeless
encampments, illegal dumping and fallen trees. Specific examples of these types of deficiencies were
identified during the periodic inspections and subsequently addressed. Ongoing removal of the debris,
which are most often found during vegetation, burrow, outfall and King County levee inspections, has
become routine. King County intends to continue this enhanced level of maintenance.
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