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1.0 INTRODUCTION

The purpose of this report is to provide a channel migration zone delineation of approximately 7 miles of
the upper White River (Figure 1) for adoption into the Pierce County Code (PCC) and regulation as a floodway
under PCC 18E.70.020. This report summarizes the methods, data, analysis and limitations used to
delineate the channel migration zone on the upper White River. The White River originates from the slopes
of Mt. Rainier in the southeast corner of Pierce County (county), as shown on Figure 2.

1.1. Project Goals and Objectives

The project goal is to complete a reach-scale channel migration zone delineation and identify severe,
moderate and low migration potential areas along the upper White River to provide Pierce County with
technical information to regulate zoning and development.

The project evaluated the upper White River from river mile (RM) 44.5 to 51.5 (Figure 2). Residential areas
within the project include the Crystal River Ranch and Crystal Village communities and areas within the
town of Greenwater (Figure 1). Specific objectives are to:

1. Estimate migration rates

2. Identify potential avulsion pathways

3. Estimate the extent of severe, moderate and low channel migration potential
4

Identify geotechnical setbacks

1.2. Regulatory Framework

Development near shorelines of the state are governed by the Washington Administrative Code (WAC).
Specifically, Flood Hazard Reduction and the Shoreline Master Program pertain to development in or
around waterbodies. WAC 173-26-241(3)(j)(iii) states: Residential development, including appurtenant
structures and uses, should be sufficiently set back from steep slopes and shorelines vulnerable to erosion
so that structural improvements, including bluff walls and other stabilization structures, are not required to
protect such structures and uses (see Revised Code of Washington [RCW] 90.58.100(6)).

Under PCC 18E.70.020.A.1.f. and 18E.70.020.B.4, adopted channel migration zones identified at severe
risk of migration are regulated as floodways. The White River is identified in section 18E.70.020.B.4.a.(4)
as one of the regulated water courses in the county that requires a geomorphic and channel migration zone
study to be completed for regulation. Channel migration zones are also defined as riverine erosion hazard
areas, as stated in PCC 18E.110.020.B.1.b. and B.4.

1.3. Project Scope

The following scope of services was completed to meet the project goals and objectives:

Desktop Study. The desktop study included review of available information about the physical attributes of
the project area. Available digital data from the county and other sources was compiled into a graphical

interface system (GIS) database and reviewed for a preliminary geomorphic reach characterization that was
used as a guide in the field investigation.
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Fieldwork. GeoEngineers, Inc. (GeoEngineers) conducted a field reconnaissance covering the study reach
over the course of three days in July 2019. Selected areas upstream were also viewed to assess the stream
variability and contributing factors to the reach processes that may affect the understanding of channel
migration in the study area. Geomorphic data and photographs were recorded on GIS-enabled hardware
and notebooks.

Data Analysis and Delineation. Data collected from the desktop study and fieldwork were used to complete
the channel migration zone delineation, erosion hazard analysis, and migration potential areas
identification. Methods used to complete these analyses are described in detail below in the Section 3.0.

Deliverables. This report is the primary deliverable for this project, along with electronic geodatabase files
of the channel migration zone and related elements. GIS data files will be transmitted to the county for
incorporation into their database after the project is final.

2.0 PHYSICAL SETTING

2.1. Topography, Geology and Geomorphic Setting

The White River is approximately 76 miles long, stretching from the slopes of Mt. Rainier down to the
confluence with the Puyallup River near Puget Sound. The White River is fed by the Emmons and Inter
glaciers on the northeast side of Mt. Rainier (up to approximately 14,400 feet elevation). From these
glaciers, the river generally flows east-northeast off the steep mountain front, before turning north and then
back to the west toward Puget Sound. The river discharges into the Puyallup River in the town of Sumner
at an elevation of approximately 50 feet.

Several larger tributaries upstream of the project boundary include Silver, Goat and Huckleberry creeks
(Figure 2). The West Fork White River joins the White River near RM 48 within the project area. Downstream
of the confluence of the West Fork White River, the valley widens where the Greenwater River valley merges
with the White River valley. The downstream project boundary is marked by the confluence of the
Greenwater River where it joins the White River near RM 44.5 (Figure 2).

The upper White River in the upper project area is mainly a braided system. However, a portion of the river
in the lower project area is similar to a single thread channel but with several mid-channel and lateral bars.

Geology plays a major role in shaping any river system. The underlying geology in the White River watershed
is a mix of volcanic and intrusive bedrock overlain by Holocene-age (O to 12,000 years before present [BP])
volcanic tephras and lahar deposits associated with periods of volcanism that alternatively built and
obliterated portions of Mt. Rainier. Regional geology mapped by Washington State Department of Natural
Resources (DNR) was accessed via the Washington Geologic Web Portal in September 2019 (Figure 3).
The 1:100,000 scale at which the DNR geologic boundaries were generated is not appropriate for use in
the channel migration zone delineation, but this mapping provides the context for the underlying geology
and geomorphic history.

The White River within the project area lies in a wide bedrock valley that was influenced by Pleistocene-age
(12,000 years BP to 1.8 million years ago [Ma]) alpine glaciation and glacial meltwater processes. The
latest advance of alpine glaciers of Evans Creek age (15 to 25 years BP) flowed down the sides of
Mt. Rainier to within several kilometers of the West Fork White and White River confluence (Crandell and
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Miller 1974, cited in Vallance and Scott 1997). Bedrock that forms the ridges and valley walls along the
upper White River consists of Miocene-age (5.33 Ma to 23.03 Ma tuffs and tuff breccias of the Fifes Peak
Formation (Mvtss), Oligocene-age (23.03 Ma to 33.9 Ma) volcanic rocks of the Ohanapecosh Formation
(Ovcon), and Miocene- and Oligocene-age intrusive andesite (MOian). Ohanapecosh and Fifes Peak
formations are exposed along both east and west valley walls. Andesite is mapped mainly as intruding the
Ohanapecosh in various locations. Bedrock is highly resistant to erosion.

The valley was inundated during the Holocene by the Osceola Mudflow, a massive lahar that originated on
the northeast flank of Mt. Rainier about 5,600 years ago. The lahar filled the West Fork White River and
the White River valleys to as much as 330 feet thick in places along the White River valley before eventually
reaching Puget Sound. Cohesive Osceola Mudflow deposits consist of an unsorted mixture of sub-angular
to sub-rounded volcanic rock fragments in a consolidated matrix of sand, silt, and clay. In the vicinity of the
Greenwater River-White River confluence, the mudflow has a hummocky facies (a distinct unit of the lahar)
characterized by megaclasts (house-sized blocks) of andesite up to 65 feet high by 200 feet wide protruding
from a cohesive, unsorted matrix (Vallance and Scott 1997). In the study reach there are exposures of lahar
up to 40 feet above the current riverbed. The lahar left behind deposits up to approximately 80 feet thick
in other places (Vallance and Scott 1997). The cohesion and clay content of the Osceola Mudflow provide
considerable resistance to erosion for this unit.

The White River has since incised into the Osceola Mudflow and widened to form floodplains at the current
bed elevation and previous bed elevations observed as terraces. The post-Osceola floodplains are defined
by the extent of mapped alluvium (Qal). Alluvium consists of sand- to boulder-sized sediment transported
and deposited relatively recently by stream flow. These deposits include both active and former riverbeds
and gravel bar deposits. Alluvium is relatively loose and unconsolidated and, therefore, highly susceptible
to erosion.

Colluvium is locally mapped along the valley margins (material deposited at the bottoms of slopes, generally
through sheetwash, rainwash and/or soil creep from upgradient slopes). Colluvium is also relatively loose
and unconsolidated and therefore considered highly susceptible to erosion.

Several massive landslides are mapped within or near the project area (Qis). In addition, several alluvial
fans are present within the project bounds. Because both landslide material and alluvial fan material
typically are unconsolidated, they are considered susceptible to erosion.

An additional geologic unit was identified in the field along the right bank near RM 50. This unit consists of
large, clast-supported, sub-angular to sub-rounded boulders, approximately 1 to 4 feet in diameter, and
fewer cobbles within a matrix of sand and gravel (Photos 17 and 18, Appendix A). This unit is interpreted
to be a separate debris flow or lahar of unknown origin. Zehfuss, et al. (2003) describe post Osceola lahars
upstream of Enumclaw as being deposited in the debris flow phase and those found at river level as being
“clast-supported, extremely poorly sorted, consisting of boulders (up to 2 meters [m] in diameter) and
cobbles in a matrix of pebbles and sand.” Because of the size of the material in this unit, it is highly resistant
to erosion.

2.2. Historical Development

Current land use in the watershed includes forest management and recreational use of the dominantly
forested terrain with minor rural residential development in the middle and lower portions of the project
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area. Residential development includes the Crystal River Ranch and Crystal Village communities near
RM 49.5 and the town of Greenwater near RM 44.8. The only major road near the project area is State
Route (SR) 410, but private roads and logging roads (working or abandoned) are present throughout the
area.

The upper watershed (upstream of the project) is protected by the National Park Service (NPS) (Figure 2),
although minor commercial logging occurred in the early part of the century prior to regulations restricting
the practice within the Mt. Rainier National Park (NPS webpage accessed September 2019). Currently the
park is used mainly for recreation.

Downstream of the park boundary, forest practices associated with commercial timber harvest began in
the 1940s and became significant in the 1960s (Puyallup River Watershed Council 2014). These practices
included road building, clear cut logging and log skidding. Historical aerial photos show most of the project
area had been clear cut by the 1960s, commonly up to the edge of the river channel. Root reinforcement
from vegetation is a primary stabilizing mechanism along riverbanks (Abernathy and Rutherford 2001 and
Simon and Collison 2002, as referenced in Washington State Department of Transportation [WSDOT]
2007). Large swaths of land that were once protected by forest were exposed and more vulnerable to the
river's erosive action.

As logging practices evolve, including improvements to road building, maintenance and retaining riparian
buffers, watershed impacts from logging are expected to decrease. Commercial timberland near the study
area, currently owned by the Muckleshoot Indian Tribe, was previously owned by Hancock Timber. Hancock
continues to manage the timberlands on behalf of the Muckleshoot Indian Tribe.

Channel and floodplain modifications to the upper White River associated with development have been
relatively minor. Modifications include construction of several levees, bridges, gabion baskets and rock
vanes.

2.3. Hydrology and Climate

The climate in the upper White River basin is characterized by cool, wet winters with heavy snowfall and
short, mild summers. Annual precipitation varies from approximately 130 inches near Mt. Rainier to
approximately 60 inches near the town of Greenwater, the majority of which falls as snow (Ketcheson, et al.
2003). Precipitation is heaviest from November through February and snow accumulations in the winter
months can be significant at higher elevations.

The upper White and the West Fork White rivers flow year-round and are glacier-fed, resulting in sustained
summer flows. Silver, Goat and Huckleberry creeks are fed by groundwater and snow melt, and so
contribute little summer flow. However, the tributary creeks are subject to rain-on-snow events that can
produce heavy runoff and flooding during winter months.

The U.S. Geological Survey (USGS) maintained a stream gauge on the upper Whiter River at
Greenwater River (No. 12097000) between 1929 and 1977, for a total of 48 years of record. Currently,
the USGS maintains a gauge on the White River near Buckley (1974 to present, No. 12097850). Scaling
the flows recorded at Buckley to the upper White River basin by square mile produced flows that were on
average 12 percent larger for peak discharge return intervals (RIs) of 2 years or greater than those recorded
by the gauge at Greenwater. Therefore, only the flows from the gauge at Greenwater were used in our peak
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flow analysis. Peak flow data from the stream gauge were evaluated using a Log-Pearson Type lll regression
curve to estimate the discharge of the 1-year, 2-year, 10-year, 25-year, 50-year, 100-year and 500-year
return intervals. The estimated flows are presented in Table 1. Average monthly flows are highest from May
to July, but the highest flows typically are November through January (Ketcheson et al. 2003).

TABLE 1. DISCHARGE FOR RETURN INTERVALS, BASED ON USGS GAUGE NO. 12097000 ON THE WHITE
RIVER AT GREENWATER

Mean Discharge

Recurrence Interval (years) T T Fen e

1 1,555

2 4,736

10 10,267
25 14,047
50 17,354
100 21,116
500 31,972

The flood of record occurred in December 1933 and reached 18,100 cubic feet per second (cfs). The
second highest flood of record was in December 1977 at 17,800 cfs. The 1978 aerial photograph shows
a wide swath of channel that was activated during the 1977 flows. A large portion of the river corridor had
been clear cut by 1962, leaving little vegetation for bank stabilization along the corridor. Other significant
flooding events recorded at the gauge at Greenwater were in 1959, 1965 and 1975; large flows at the
Buckley gauge that may suggest higher flows in the upper White River occurred in 1975, 1990, 1995,
2008, 2011, 2012 and 2015 (USGS gauge data).

3.0 METHODS

The methods used to delineate the upper White River channel migration zone are a combination of Ecology
methodology based on Rapp and Abbe (2003) and professional judgment followed by quality assurance
review by senior and principal scientists. Migration potential areas were calculated based on the channel
migration analysis results and county requirements. A detailed description of the methods used is
presented below.

3.1. Data Sources and Derivative Analysis Tools

Data sources obtained for the channel migration zone delineation are listed in Table 2. Historical aerial
photographs were used to identify channel extents of various years from 1944 to 2017. The LiDAR elevation
data were used to develop a stream profile of 7 miles of river to identify channel gradient, changes in the
longitudinal profile, and depositional areas. A relative water surface elevation map was developed from the
LiDAR elevation data to identify important features in the channel, banks and floodplain, including avulsion
hazard areas, topographic low areas, alluvial fans and relict channel traces.
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TABLE 2. DATA SOURCES USED IN CHANNEL MIGRATION ZONE ANALYSIS

Data Type

Historical and Recent Topographic
Maps

Geologic maps

LiDAR elevation data
Aerial Photographs
Aerial Photographs

Source

USGS

WDNR and USGS
publications

Pierce County
Pierce County

Washington State

Date

1913, 1956, USGS Topo Maps (map
service through ESRI)

Website accessed June 2019; published
maps and articles 2000

2010
2002, 2011, 2017
1970, 1978, 1985

Department of Natural
Resources, 1970 photos
courtesy of the Muckleshoot

Indian Tribe
Aerial Photographs USFS via University of 1962
Washington Library
Aerial Photographs USACE 1944
Aerial Photographs USGS 1954, 1993
Stream gauge records, No. USGS 1929 through 1977

12097000

Flood Insurance Rate Maps (FIRMs)  Federal Emergency

Management Agency

Maps published March 7, 2017 are based
on the Flood Insurance Study adopted in
1987

3.2. Channel Migration Zone Delineation

A reach-scale channel migration zone delineation requires division of the river into reaches (segments),
based on similar geomorphic characteristics and processes. Migration rates are generated separately for
each reach. Delineation of the historical migration zone (Rapp and Abbe 2003) is the first step in the
methodology for delineating a channel migration zone within each reach. Avulsion hazard zones are then
identified and combined with the historical migration zone to define an area that comprises the base onto
which additional erosion hazards are added. Past erosion extents are measured and reach averaged rates
of migration are calculated based on the historical aerial photo record. Migration rates multiplied by a
specified number of years provide an erosion hazard buffer distance that is applied landward from the
combined historical migration and avulsion hazard zones. The erosional hazard buffers are defined as
severe, moderate and low migration potential areas. Topographic low areas with potential for significant
inundation are identified and reviewed for potential inclusion into the migration potential area. Finally, a
geotechnical setback is calculated and added to all migration potential areas where applicable. All
components together represent the final channel migration zone boundary. Descriptions of the channel
migration zone components are described below and depicted in lllustrations 1 and 2.

3.2.1. Historical Migration Zone

The historical migration zone is the area that has been occupied by the active channel at any time within
the historical photo record (1944 to 2017). The active channel is defined by the low flow channel and any
unvegetated bars (O’Conner, et al. 2003). Active channel traces for each photo year were developed in the
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desktop study. The combination of all active channel traces forms an outline that constitutes the historical
migration zone.

3.2.2. Avulsion Hazards and Topographic Low Areas

An avulsion hazard is an easy pathway for water to travel, which could capture the majority of the flow and
eventually create a new channel at a specific location. These areas are identified based on review of
topography in conjunction with Federal Emergency Management Agency (FEMA) base-flood — 100-year
recurrence interval (RI) flow — elevations where available. A Relative Water Surface Elevation map was
generated by calculating the difference between the 100-year Rl flood elevations and LiDAR elevation data.
From this, historical channels representing avulsion pathways that were inundated during the 100-year RI
flood were identified. Base flood elevations only were available up to RM 48.5. Elevations for the 100-year
flood upstream of this location were estimated based on the base flood water surface elevation slope and
average differences between the water surface and LiDAR topography.

Avulsion pathways were characterized as avulsion hazard zones if they were (1) inundated during the
100-year RI, and (2) if they had an identifiable channel that leads back to the mainstem river. The area
from the historical migration zone to the outside edge of the potential avulsion pathway represents avulsion
hazard zones which, when combined with the historical migration zone, form the base from which migration
potential area buffers are applied.

Topographic low areas identified in the Relative Water Surface Elevation map include areas that may be
inundated on the floodplain when banks are overtopped. These areas can precipitate channel migration by
avulsion if water is channelized at the downstream end where it returns to the channel. Alternatively, these
locations represent areas that may be capable of capturing stream flow as a result of low topography and
are considered at risk of experiencing channel migration within the timeframe of the channel migration
zone delineation; even if not originally within the channel migration zone boundary. These locations were
reviewed for potential inclusion in the migration potential areas.

3.2.3. Migration Rates

Migration rates were determined generally following the transect method of Rapp and Abbe (2003). This
method was used versus the polygon method (Rapp and Abbe 2003) in order to differentiate rates of
erosion between the different geologic units (i.e., alluvium and Osceola Mudflow). The polygon method
generates rates over the reach without regard for erosion rates of different geologic units. Transects were
generated at one approximately every 250 feet along the project length. The moderately frequent spacing
is intended to capture a greater sample of, and therefore a better representation of, erosion rates than a
lesser spacing would provide.

Different approaches were used to measure migration in the different geologic media for reasons discussed
in Section 4.2.3. Migration rates in alluvium were measured at each transect based on the distance
between active channel centerlines in successive order of periods of record, regardless of direction. Erosion
rates into the Osceola Mudflow were measured based on the distance between the positions of the base
of the slope of the Osceola Mudflow in successive order of periods of record in a single direction. Rates
were measured at transects where the active channel was in contact with the Osceola Mudflow within the
aerial photographic record, and where bank retreat is observable.
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Channel centerlines were generated from the active channel margins, excluding side channels where
vegetation between the side channel and mainstem had grown significantly. Base of slope for the Osceola
was generated for each photo record based on aerial photo interpretation.

Ecology (Legg et al. 2014) developed a GIS tool for measuring channel migration rates based on the
transect method. This tool was utilized to generate transects and measure migration rates in alluvium.
Channel migration rates within the Osceola Mudflow were measured along transects manually using GIS
and the line snapping tools as it was more precise than using the centerline tool for the fewer transects
where the Osceola Mudflow is eroding.

The regional geologic mapping completed by the DNR was too coarse to use for the purpose of measuring
migration rates. In order to determine and apply rates for different units, the geology had to be interpreted
at the boundary of the 1944 active channel, as well as at the boundary of the current historical migration
zone. Using the DNR geology as a guide, and with the aid of aerial photos, LiDAR and field observations,
geology was interpreted for the purpose of applying migration rates. Geology was mapped to represent the
unit at the current channel elevation. Osceola Mudflow, alluvium, alluvial fans and colluvium were inferred
and estimated out to approximately 500 feet away from the historical migration zone.

3.2.4. Migration Potential Areas

Migration potential areas are the individual zones that together comprise the full channel migration zone.
The migration potential areas are comprised of buffer widths that are applied laterally to the combined
historical migration and avulsion hazard zones (lllustration 1) and are designated as severe, moderate and
low.

The historical migration zone comprises easily erodible Quaternary-age alluvial materials, and therefore,
the river could reoccupy any given area within the historical migration zone at any given time. Similarly, the
avulsion hazard zone is considered to be easily accessed by the river during flood events. Therefore, these
areas are included in the severe migration potential area (Illustration 1). The area beyond this boundary is
added as a buffer representing the migration potential areas based on past erosion rates (see the Severe
Migration Potential Area Buffer based on Erosion Rates in Illustration 1), Migration potential area buffers
begin at the outside of the combined historical migration and avulsion hazard zones boundary and
represent the area where future erosion could take place into previously unoccupied areas based on the
available historical record and calculated erosion rates. The width of the severe migration potential area
was delineated based on the distance the channel edge could travel in 10 years of steady lateral migration
applied to the historical migration and avulsion hazard zones boundary. The width of the moderate
migration potential area was delineated based on the distance the channel could travel in 20 years of
steady lateral migration from the combined historical migration and avulsion hazard zones boundary. The
width of the low migration potential area was determined based on the distance the channel could travel
in 50 years of steady lateral migration from the combined historical migration and avulsion hazard zones
boundary. Migration potential areas were modified and widened where topographically low areas were
identified or where a geotechnical setback is required (lllustration 1).
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To generate the migration potential area where erosion would potentially cross a geologic unit boundary,
the width and rate of erosion for the first unit was used to back calculate the number of years over which
that erosion would occur in the first unit. The remaining number of years multiplied by the rate of erosion
in the second unit determined the remaining width to apply the migration potential area landward from the
unit boundary.

Legend

~ = = = Historical Migration
t==atZone

= === Avulsion Pathway

Combined Historical
Migration Zone and
Avulsion Hazard Zone

Severe Migration
Potential Area Original
Buffer Based on Erosion
Rates

Severe Migration
Potential Area After
Applying Geotechnical
Setback

Severe Geotechnical

Setback

lllustration 1. Schematic showing the different boundaries associated with the generation of the severe migration potential
area. The same concepts apply to the moderate and low migration potential areas.

3.2.5.Geotechnical Sethack

The geotechnical setback accounts for mass wasting of a slope that either is currently being, or previously
has been, eroded by the stream as it adjusts toward its preferred angle of repose. LiDAR data, aerial
photographs and field observations provided the information needed to determine the angle of repose and
estimated geotechnical setback. The geotechnical setback was determined by assuming a vertical slope at
the migration potential area boundary and projecting the preferred angle of repose landward from the base
of the vertical slope at the elevation of the stream bed.

Slope angles were obtained from within the GIS at transects (the same used for migration measurements)
that intersect the Osceola Mudflow units where slopes are established; that is, at slopes that are not actively
eroding and appear to have been stable for some time. Median slope values were calculated within each
reach and converted to slope ratios. Elevations on the surface of the Osceola Mudflow units were obtained
at approximately 10 to 30 feet landward from the top of the slopes along each transect and height
differences between thalweg and Osceola Mudflow elevations were calculated. The slope ratio then was
applied from the migration potential area boundary at the elevation of the thalweg landward according to
the height difference. The geotechnical setback was visually interpolated between the transects.
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Modifications and corrections were made as necessary, with subsequent spot checking of elevations and
distances.

3.2.6.Channel Migration Zone

The final channel migration zone is represented by the sum of the historical migration zone, the avulsion
hazard zone, the migration potential areas and any geotechnical setbacks (lllustration 2).

Legend

Combined Historical
Migration Zone and
Avulsion Hazard Zone

Severe Migration
Potential Area After
Applying Geotechnical
Setback

Moderate Migration
Potential Area

Low Migration Potential
Area

---------- Geotechnical Setback

Channel Migration Zone
Boundary

Illustration 2. Schematic showing the separate components of the Channel Migration Zone. The separate migration
potential areas are at the specified distances landward of the combined historical migration and avulsion hazard zone
with geotechnical setbacks where applicable.

4.0 CHANNEL MIGRATION ZONE ANALYSIS AND RESULTS

This section presents the results of the desktop evaluation, field observations and channel migration zone
delineation.

4.1. Desktop Evaluation and Field Reconnaissance Findings

The desktop study and field observations inform the channel migration zone delineation. The desktop study
helped focus the field reconnaissance which took place over three days in mid July 2019 by two fluvial
geomorphologists. Access to the river was continuous from RM 49 to 50.5, but sporadic throughout the
rest of the project area. The purpose of the field reconnaissance was to confirm or differentiate
observations from the desktop study. Two of the major goals of the desktop evaluation and field
reconnaissance were to:

1. Identify reaches, and

2. ldentify the interface of the alluvium and Osceola Mudflow or alluvium and other adjacent geologic
units.
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4.1.1.Reaches

The project area was segmented into six different reaches (Figure 4, Table 3), based on observations during
the desktop analysis of geomorphic characteristics and review of the river profile (Figure 5). Historical
channel migration in Reach 1 and Reach 2 appears to be topographically controlled by the valley width.
Therefore, the valley bottom width and the mapped width of the Quaternary-age alluvium geologic unit was
used to delineate the extent of these two reaches. Reach 3 extends from RM 47.8 upstream to the
Crystal River Ranch Road Bridge near RM 48.8. Reach 3 is laterally controlled by the Osceola Mudflow
geologic unit and contains a similar extent of alluvium along the valley floor. The Crystal River Ranch Road
prism functions as a levee at the upstream end of Reach 3, artificially confining the flow in this area, which
results in bed material deposition upstream of the bridge. Reaches 4, 5 and 6 were delineated on the basis
of having similar:

m Lateral control by Osceola Mudflow
m Valley width confinement and topographic control

m  Mapped width of alluvium on the valley floor

The reach delineations were used for evaluating the erosion rates that may vary among reaches based on
the physical characteristics of each reach.

TABLE 3. INDENTIFICATION OF REACHES BY RM

Reach From RM To RM
1 44.5 46.5
2 46.5 47.8
3 47.8 48.8
4 48.8 49.4
5 49.4 50.4
6 50.4 51.5

4.1.1.Geomorphic Findings

The upper White River within the project area is a low-gradient, braided system with the exception of the
lower Reach 1 where the channel is fairly straight and more closely resembles a single thread channel with
mid-channel and lateral bars. Sinuosity varies throughout the different reaches but is generally low. The
average river slope over the project is approximately 1 percent (Figure 5), but varies locally among different
reaches, and begins to slightly decrease close to and beyond the lower extent of the project at the
confluence with the Greenwater River. A lower slope and a large sediment supply from the glaciers at
Mt. Rainier promote sediment deposition as the river gradient drops, which in turn encourages braiding
and channel migration.

The upper White River is predominantly a riffle-glide bedform. Pools were indistinguishable as the visibility
in the water column was minimal. Sediment in the channel was obscured by the cloudy water, but the gravel
bars were observed to be extremely poorly sorted, consisting of all grain sizes from sand to large boulders
(Photos 1 and 2, Appendix A).
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As is typical of braided systems, the upper White River has numerous large gravel bars in many stages of
vegetation growth. Developed floodplains generated from overbank deposits with established vegetation
are present but discontinuous and at varying elevations above the gravel bars depending on the reach.
Numerous side channels are observed on the floodplains in Reaches 4 thru 6 (Photo 3, Appendix A).
Additional channels were observed in the field or in the LiDAR imagery in Reaches 1 through 3, but they
are not as plentiful.

Abundant large wood was observed throughout Reaches 4 through 6 (Photo 4, Appendix A), and the top
third of Reach 1; a moderate amount was observed in Reaches 2 and 3 and lower portion of Reach 1.
A massive log jam was observed near the confluence with the Greenwater River.

The river is controlled mainly by the Osceola Mudflow. The river has significantly incised into the Osceola
Mudflow in the lower reaches and to a lesser, but still notable, extent in the upper reaches. The Osceola
terraces are approximately 25 to 40 feet high in the lower reaches and closer to 10 to 15 feet high in the
upper reaches (Photos 5 through 7 in Appendix A).

The river has widened since incision and generated floodplains at previous and current channel elevations.
LiDAR imagery shows a number of high terraces where the surfaces have been reworked by fluvial action
and alluvium is deposited on the surface (Photos 1 and 7, Appendix A). These terraces potentially suggest
incremental incision and widening of the upper White River. Although the river has widened at the current
elevation, it is still moderately confined as the local valley width (within the Osceola Mudflow) to channel
width ratio is between 2 and 4 in most reaches. A ratio less than 2 defines a confined system and a ratio
greater than 4 defines an unconfined system.

The braided nature of the river suggests there is currently more sediment in the system than the river has
capacity to carry. This is commonly indicative of an aggrading system. Comparison of channel profiles from
1910 and 1971-1986 shows aggradation prominently upstream of approximately RM 48.9, roughly where
a bridge (see below) is located at the break between reaches 3 and 4 (WSDOT 2007). The comparison also
shows degradation (incision) of the channel downstream of that location. This is consistent with the
considerable differences in the height of the bank slopes in the Osceola Mudflow upstream and
downstream of the bridge.

The river is constrained by two standing bridges, the abutments of a bridge that no longer exists, and several
levees (Figure 4, Photos 8 through 12, Appendix A). The bridge near RM 47 was in place by 1954, the bridge
near RM 48.9 was in place by 1962, and the bridge near RM 51.5 was present in the 1944 through 1962
photos. The latter bridge no longer exists. The single levee near the town of Greenwater (RM 45) was owned
and operated by the county at least from 2006 through 2013 (Pierce County 2013), and in place by 1985.
A second significant levee not owned or operated by the county was placed near RM 46.7 according to
aerial photo records in or around 1985.

The Crystal River Ranch Community built rock vanes within Reach 5 in 2012 in order to protect well heads
associated with their drinking water source (Photo 13, Appendix A). These vanes were built to within 5 feet
of ordinary high water so they were not interacting with the river at the time of installation. Erosion of the
left bank has occurred since installment such that two of the vanes were partially exposed in 2017 and at
least one was currently interacting with the river at the time of the field reconnaissance. A single emergency
rock vane was placed in the channel near RM 49.5 by a private landowner which currently trains the river
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toward the center of the active channel away from the left bank. Additionally, several private landowners
along the river have put up ecology block or gabion revetments (Photos 14 and 15, Appendix A).

Pistol butt trees along left bank at Crystal River Ranch Community suggest that the slope has been relatively
stable for some time (Photo 16, Appendix A). These field observations corroborate results from the desktop
study, which found erosion took place between 1944 and 1962 along that bank but was arrested until
recently. This provided time for the vegetation to grow on the bank. Fresh cut banks are evidence of recent
erosion into the Osceola Mudflow along this bank.

A coarse clast-supported debris flow of unknown origin outcrops along the right bank near the Crystal
Village. A 3- to 5-foot layer of alluvium is visible above this geologic unit (Photo 17, Appendix A). This bank
has not migrated over the historical record within our review, but undercut banks suggest some recent
erosion of the bank (Photo 18, Appendix A).

Alluvial fans along the left valley wall supply material to the river and encourage the river to flow toward the
right bank.

4.2. Channel Migration Zone Delineation

Delineation of the migration zone began with generation of active channel traces observed on the various
years of photographic record, which are presented in Figure 6. Channel centerlines estimated from these
channel traces and channel margins were used to measure migration rates at transects (Figure 7). Avulsion
pathways and topographically low areas are identified and presented along with the historical migration
zone and relative water surface elevation in Figure 8. Interpreted geologic mapping for the application of
migration rates is presented in Figure 9. Finally, migration potential areas are provided in Figures 10
through 12. The elements comprising the channel migration zone are briefly described below.

4.2.1. Historical Migration Zone

The historical migration zone was derived by merging the active channel extents from 10 historical aerial
photographs dated from 1944 to 2017 (Figures 6 and 8).

4.2.2. Avulsion Hazards and Topographically Low Areas

Based on the historical photo record, the process of avulsion within the upper White River usually occurs
within the active channel, along back bar channels after relatively recent channel migration and bar
building. Avulsion in the upper White River is typically a shifting of the thalweg within the active channel as
sediment is locally deposited or removed. No avulsions, such as neck cut-offs, were observed nor were
avulsions outside of recently active channels in floodplain areas where numerous avulsion pathways were
identified (Figure 8). However, because of the dynamic nature of the river, it is assumed that localized
aggradation of sediment and debris could occur during any given flood event, creating the necessary
circumstances to reactivate a pathway leading to an avulsion.

A single topographically low area was identified near RM 46.5 (Figure 8). This topographically low area is
identified as an area that, because of the low topography, may experience migration during the timeframe
of the channel migration zone even though it is outside of the applied migration potential area buffer. This
area was subsequently included in the low migration potential area.
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4.2.3.Calculation of Unconfined Erosion Rates

Erosion rates were measured at 144 transects over the six reaches using methods described above.
Reach-averaged annual rates and the number of transects in each reach are presented in Table 4. Transect
locations along with channel trace centerlines are shown in Figure 7. Migration distances measured at each
transect are presented in Appendix B.

WAC section 173-26-221(3)(b) states that, “flood control structures built below the one hundred-year flood
elevation do not necessarily restrict channel migration and should not be considered to limit the channel
migration zone unless demonstrated otherwise using scientific and technical information.” Rapp and Abbe
(2003) guidance states that “Man-made structures with no public commitment for maintenance and
structures made of erodible materials (sugar dikes) are not effective barriers to channel migration.” Even
though structures meeting these criteria are not considered barriers to channel migration, rates may be
influenced by them. Therefore, rates measured at these structures were not included in the calculation of
reach averages. Thus, reach-averaged rates are representative of unconfined and anthropogenically
unaltered conditions.

TABLE 4. TRANSECTS AND MEASURED MIGRATION RATES BY REACH

Reach Averaged
Reach Averaged Rate in the

Number of Rate in Alluvium Osceola Mudflow

Reach Transects (ft/yr) (ft/yr)

1 40 2 N/A

2 28 3 1

3 23 3 N/A

4 11 7 N/A

5 21 6 1

6 21 10 2

Bank materials within the project reach have varying degrees of erosion resistance, resulting in different
channel migration rates for different locations depending upon the bank materials present. The least
erosion resistant materials are colluvium, alluvium, alluvial fan material and landslide deposits. These rates
were estimated using movement of the channel centerlines, which is applicable to measuring rates as the
channel moves back and forth within the alluvium or similar erosion-resistant material.

Erosion resistance of the Osceola Mudflow deposits is higher than the erosion resistance of alluvium. The
centerline method of Rapp and Abbe (2003), based on mapping of the active channel, works well for
determining migration rates within the alluvium in the valley bottom as the channel commonly shifts rapidly
(decadal time scale or less) from one side of the active channel to the other. This method, however,
misrepresents new erosion into Osceola Mudflow, where observations indicate that erosion of these
landforms occur over much longer time scales. Therefore, the centerline method results in higher migration
rates within alluvium that do not represent lower migration rates found separately within Osceola Mudflow
deposits. For this reason, rates for the Osceola Mudflow were measured as described in Section 3.2.2.
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Three transects were reviewed at the location of the coarse-grained debris flow adjacent to a portion of
Crystal Village. No measurable movement beyond analyst bias photo georeferencing error could be
distinguished. Therefore, movement was estimated based on field observations and applied over the
timeframe since the last clear cutting was documented at the latest in 1962, with the assumption that the
trees have been growing since that time. Bank erosion of approximately 10 to 20 feet was estimated based
on overhanging tree roots where the bank has receded (Photo 18, Appendix A). This provides less than a
rate of 0.5 foot per year, and less than what can be measured and applied with statistical significance.
Therefore, a migration rate of 0.5 foot per year was applied to this unit.

The river is not in contact with the bedrock of the valley walls; therefore, no rates were measured for that
material. Because bedrock is typically highly resistant to erosion, the same rate found for the coarse-
grained debris flow unit was applied to the bedrock.

4.2.4.Migration Potential Areas

Reach-averaged erosion rates specific to the different bank materials present were used to generate the
migration potential areas within each reach. Reaches with no measurable migration rates into the Osceola
Mudflow (1, 3 and 4) were assigned the average rate of reaches with measurements, 1 foot per year, for
the Osceola Mudflow. Measured rates were used for the remaining reaches as shown in Table 4.

If the migration potential buffer crossed a boundary between geologic units, the associated rate for each
unit is applied separately. The geology interpreted for the purpose of applying rates is presented in Figure 9.
The migration potential areas are shown in Figures 10 through 12 and are briefly described below.
Figure 10 shows the migration potential areas and channel migration zone with a LiDAR base map and the
interpreted geology; Figure 11 has a 2017 aerial photograph as the base; and Figure 12 shows the 2017
aerial with the inclusion of property lines for reference.

4.2.4.1. Severe Migration Potential Areas

The severe migration potential area in the project reach is represented by the reach-averaged migration
rate estimated within each reach, multiplied by 10 years, applied to the combined historical migration and
avulsion hazard zones boundary. Rates vary depending on the material present at the combined historical
migration and avulsion hazard zones boundary and beyond A geotechnical setback was added to the severe
migration potential area at the high bank locations to account for bank failure after toe erosion of the
Osceola Mudflow deposits.

4.2.4.2. Moderate Migration Potential Areas

The moderate migration potential area in the project is the reach-averaged migration rate estimated within
each reach multiplied by 20 years applied to the combined historical migration and avulsion hazard zones
boundary. Again, different reach-averaged rates for the different geologic units apply where they are
present. The moderate migration potential area does not encompass the severe migration potential area;
although the moderate is applied from the historical migration and avulsion hazard zones out to 20 years,
it only begins at the outside edge of the severe migration potential area. A geotechnical setback was added
to the moderate migration potential area at the high bank locations to account for bank failure after toe
erosion of the Osceola Mudflow deposits.

4.2.4.3. Low Migration Potential Areas
The low migration potential area is the reach-averaged migration rate estimated within each reach
multiplied by 50 years applied to the combined historical migration and avulsion hazard zones boundary. A
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geotechnical setback was added to the low migration potential area at the high bank locations to account
for bank failure after toe erosion of the Osceola Mudflow deposits. The low migration potential area does
not encompass the severe or moderate migration potential areas; although the low migration potential area
is applied from the combined historical migration and avulsion hazard zones out to 50 years, it only begins
at the outside edge of the moderate migration potential area.

The low migration potential boundary intersected bedrock in several locations after accounting for erosion
into colluvium or Osceola Mudflow. The boundary was delineated using an estimated location of the
bedrock under the colluvium or Osceola at the elevation of the current thalweg, based on slopes derived
from LiDAR, and then adjusted for the number of years remaining and rate of migration to reach the 50-year
boundary.

4.2.4.4. Disconnected Migration Areas

A disconnected migration area is the area that includes, and is landward of, human infrastructure that has
the ability to limit channel migration, including avulsion. Two locations are mapped along Highway 410 as
disconnected migration areas: the first is just downstream of the confluence with the Greenwater River,
near RM 44.5; the second is a half mile upstream of the confluence with the Greenwater River, around
RM 45.1 (Figures 10-A, 11-A and 12-A).

Several criteria help define a disconnected migration area:

m A disconnected migration area includes a public commitment for maintenance that would keep a
structure intact (Rapp and Abbe 2003).

m  WACsection 173-26-221(3)(b), which states that “flood control structures built below the one hundred-
year flood elevation do not necessarily restrict channel migration and should not be considered to limit
the channel migration zone unless demonstrated otherwise using scientific and technical information.”
In other words, flood control structures or other revetted infrastructure built to above the 100-year
floodplain elevation could be considered a barrier to migration and mapped as disconnected migration
areas, depending on degree of revetment and potential to restrict channel migration.

m  WACsection 173-26-221(3)(b) also states that "All areas separated from the active channel by a legally
existing artificial structure(s) that is likely to restrain channel migration, including transportation
facilities, built above or constructed to remain intact through the one hundred-year flood should not be
considered to be in the channel migration zone.”

The disconnected migration areas in this study, although not technically flood control structures, are based
on infrastructure built above the 100-year floodplain and, being along a state route, have a public
commitment that would keep the infrastructure intact. The remaining structures in the study area do not
meet these criteria.

m Thelevee at RM 45.5 is discontinuous and could be flanked; the area behind it is still connected to the
river and, therefore, does not constitute a disconnected migration area.
m The levee at RM 46.5 is discontinuous and has no public commitment associated with it.

B The bridge at RM 47 is above the 100-year floodplain, but it is privately owned. Therefore, there is no
public commitment for maintenance to keep it intact. Additionally, an avulsion hazard zone flanks the
bridge to the east.
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m The bridge at RM 48.9 is owned by Pierce County, but there is not enough information about the bridge
to confirm either if it would remain intact through a 100-year RI flood, or that the revetments at the
abutments would restrain channel migration over the timeframe of the channel migration zone
delineation.

m The rock vanes for Crystal River Ranch were built below the elevation of the ordinary high water mark
(GeoEngineers 2019), which is typically associated with about a 2-year RI flow. A 2-year RI flow will
have a lower flood elevation than the 100-year RI flow. Additionally, GeoEngineers (2019) is of the
opinion, following best practices in bank protection design, “that the flow-redirection technique
(i.e., rock vane installation) by itself is unsuitable to address the multiple mechanisms of bank failure
and avulsion potential at the CRR Homeowners’ Association river reach.”

4.2.5.Geotechnical Setbacks

Because the Osceola Mudflow forms high banks in this study area and the unit is unconsolidated with
variable cohesion, this geologijc unit is considered likely to erode to a preferred angle of repose. Therefore,
a geotechnical setback was added to each migration potential area where it intersects the Osceola
Mudflow. Bedrock, although steep and crops out well above the channel bed, is highly erosion-resistant
and would not require a geotechnical setback should the river come in contact with the bedrock. Likewise,
the mudflow of unknown origin was categorized as erosion-resistant and, therefore, no geotechnical
setback was applied where it was mapped.

According to Engineering Geology in Washington (Koloski, et al. 1989), the preferred angle of repose for
volcanic lahars is between 25 to 40 degrees. This is equivalent to a slope ratio range of 1:1.18 to 1V:2.13H
(vertical to horizontal). Median slope ratios for reaches 1 through 3 all were very similar, ranging from
1:1.45 to 1:1.54. Median slope ratios for reaches 4 through 6 also were very similar, ranging from 1:1.94
to 1:2.04 (V:H). All ratios are within the range presented in Koloski, et. al. (1989). Reaches 1 through 3
averaged a 1:1.5 (V:H) slope ratio, while reaches 4 through 6 averaged a 1:2 (V:H) slope ratio. These
average values were applied to the associated reaches according to the local elevations identified at each
transect. Geotechnical setbacks are presented in Figures 10-A through 12-F.

4.2.6.Comparison of Channel Migration Zone and Migration Potential Areas Results within FEMA Floodway

Figure 13 presents the channel migration zone and the 2017 FEMA Floodway and the Pierce County Deep
and Fast Flowing Floodway. The FEMA regulated floodplain is available for approximately the lower half of
the project. The floodway in the lower half of the project extends beyond the channel migration zone along
a significant portion of the river. In some locations the channel migration zone extends beyond the floodway,
but it appears some of those areas have been more recently eroded or occupied and the FEMA floodway
may not have been generated with more recent topography. In the upper half of the project area, the severe
migration potential area generally is included within the existing floodway.

5.0 DISCUSSION

Channel migration on the upper White River throughout the historical record has been substantial. Most of
that migration takes place within the historical migration zone within alluvium and areas that have already
been occupied by the river. Migration into Osceola Mudflow surrounding the alluvium is a much slower
process.

GEOENGINEERS /7] January 8,2020 | Page 17

File No. 0497-172-00



Many of the adjacent terraces well above the current floodplain elevation suggest periodic incision has
occurred over time, followed by channel widening and floodplain development. These terraces have the
sediment and surface morphology indicative of fluvial action but these fluvial surfaces rest atop Osceola or
other debris flows of unknown origin. Osceola at the base slows migration into these terraces relative to
locations consisting of alluvium.

A primary driver of channel migration is the storage and episodic transport of bedload sediment in a river
channel in an undisturbed system. The majority of the sediment feeding the White River comes from
Mt. Rainier, as the glaciers deposit moraines from which sedimentary material is commonly carried to the
fluvial system by debris flows (Czuba, et al. 2014). Landslides, soil creep and alluvial fans contribute
sediment to the system to a lesser degree. Commercial logging along the entire project area in the 1950s
through 1960s likely destabilized the floodplain in areas with a lack of bank cohesion, thereby contributing
sediment to the channel as the banks receded. As sediment builds up in the system, bank erosion and
channel widening occurs. Riparian vegetation can improve stability with root reinforcement of soils along
riverbanks. With improved riparian protection from evolving logging practices, the forest can recover faster
and provide that stabilizing force again (WSDOT 2007).

Considerable large wood on bars throughout the project contribute to sediment accumulation. Aerial
photographs illustrate the fact that large floods have eroded alluvium that once supported moderately
mature second or third growth forests in the project recruiting significant large wood to the channel.

Although incision is observed to have been a primary process within the project area in the past, based on
height of the slopes of the Osceola Mudflow the amount of sediment in the channel causing braiding
suggests the riverbed currently may be aggrading. The White River is described by Czuba, et al. (2014) as
in a general state of sediment surplus. Modeling by Czuba, et al. (2014) of future hydrologic conditions
under similar transport capacity as currently exists, shows the potential for further aggradation over the
next 50 years. Implications include continued sediment deposition, spatial variation in bar formation within
the active channel, and likely migration into the Osceola Mudflow deposits.

6.0 LIMITATIONS

This report has been prepared for Pierce County Planning Public Works for the upper White River Channel
Migration Zone Analysis.

Within the limitations of scope, schedule and budget, services by GeoEngineers have been executed in
accordance with generally accepted practices in the field of geomorphology and hydrology/hydraulics in
this area at the time this report was prepared. The conclusions, recommendations, and opinions presented
in this report are based on our professional knowledge, judgment and experience. No warranty or other
conditions, expressed or implied, should be understood.

Any electronic form, facsimile or hard copy of the original document (email, text, table and/or figure), if
provided, and any attachments should be considered a copy of the original document. The original
document is stored by GeoEngineers, Inc. and will serve as the official document of record.

Please refer to the appendix titled “Report Limitations and Guidelines for Use” for additional information
pertaining to the use of this report.

GEOENGINEERS /J January 8,2020 | Page 18

File No. 0497-172-00



7.0 REFERENCES

Czuba, J.A., C.S. Magirl, C.R. Czuba, C.A. Curran, K.H. Johnson, T.D. Olsen, H.K. Kimball, and C.C. Gish. 2012.
Geomorphic analysis of the river response to sedimentation downstream of Mount Rainier,
Washington: U.S. Geological Survey Open-File Report 2012-1242, 134 p.

Department of Natural Resources Geologic Web Portal. Accessed August 2017.
https://geologyportal.dnr.wa.gov/

GeoEngineers, Inc. 2019. “Crystal River Ranch Rock Vanes Analysis.” GEI File No. 0497-172-00.
February 6, 2019.

Legg, N.T., C. Heimburg, B.D. Collins, and P. L. Olson. 2014. The Channel Migration Toolbox, ArcGIS® Tools
for Measuring Stream Channel Migration. Ecology Publication no. 14-06-032 and toolbox download
available at https://fortress.wa.gov/ecy/publications/SummaryPages/1406032.html.

National Park Service. https://www.nps.gov/mora/learn/historyculture/mount-rainier-history.htm
Puyallup River Watershed Council. 2014. Draft Puyallup River Watershed Assessment. 95 pages.

Rapp, C. and T. Abbe. 2003. A Framework for Delineating Channel Migration Zones. Ecology Publication
#03-06-027 (Final Draft).

Tabor, R.W., V.A. Frizzell, Jr., D.B. Booth, and R.B. Waitt. 2000. Geologic Map of the Snoqualmie Pass 30 x
60 Minute Quadrangle, Washington. US Geological Survey Geologic Investigations Series 1-2538.
Scale 1:100,000.

Vallance, J.W. and K.M. Scott. 1997. The Osceola Mudflow from Mount Rainier: Sedimentology and hazard
implications of a huge clay-rich debris flow. GSA Bulletin, v. 109; no. 2; p. 143-163.

Washington State Department of Transportation. 2007. Reach Analysis, White River, Pierce, County
Washington. Prepared by Herrera Environmental Consultants, Inc. Seattle, Washington.

Koloski, J.W., S.D. Schwarz, and D.W. Tubbs. 1989. Geotechnical Properties of Geologic Materials in
Engineering Geology in Washington. Washington Division of Geology and Earth Science Bulletin 78,
V.1, pgs. 19-26.

Zehfuss, P.H., B.F. Atwater, J.W. Vallance, H. Brenniman, and T.A. Brown. 2003. Holocene lahars and their
by-products along the historical path of the White River between Mount Rainier and Seattle, in
Swanson, T.W., ed., Western Cordillera and adjacent areas: Boulder, Colorado, Geological Society
of America Field Guide 4, p. 209-223.

GEOENGINEERS /J January 8,2020 | Page 19

File No. 0497-172-00


https://geologyportal.dnr.wa.gov/
https://www.nps.gov/mora/learn/historyculture/mount-rainier-history.htm

Greenwater

43

Project Area

Crystal River Ranch

120N[RO9E]
TENREE | TENIRE

Crystal Village

y Map.mxd Date Exported: 01/08/20 by mtroost

P:\0\0497172\GIS\mxd\049717200_CMZ_FO1_Vicinit

Legend

[} River Miles

m Project Area

Township

[

Notes:

1. The locations of all features shown are approximate.

2. This drawing is for information purposes. It is intended to
assist in showing features discussed in an attached document.
GeoEngineers, Inc. cannot guarantee the accuracy and content
of electronic files. The master file is stored by GeoEngineers,
Inc. and will serve as the official record of this communication.

Data Source: Mapbox Open Street Map, 2017,

Township and section lines from PLSS, 2017
Projection: NAD 1983 UTM Zone 10N

Feet

Vicinity Map

Upper White River CMZ Delineation
Pierce County, Washington

Figure 1




P:\0\0497172\GIS\mxd\049717200_CMZ_F02_Watershed Map.mxd Date Exported: 01/08/20 by mtroost

/

rmm—
Mt Rainier
| \
Legend WA Department of Natural Resources
O River Miles National Park Service

57 233
LN
36 @ 40
\1.

N 41
8 ey

West Fork White River

| uckleberry Creek

Mount Rainier
National Park

)

6}%
“y,
‘9@»
'?/Le,
AN
0
)
\ ]
f G
( . Oat Creek
Q&
0
=
pResa
S,
C.
[
Qf S
[
Yakima
County

Private Land

/7 Roads

aRgo> Streams and Rivers
Upper White River Watershed

US Forest Service

WA State Parks and Recreation Commission

Notes:
1. The locations of all features shown are approximate.

2. This drawing is for information purposes. It is intended to assist in showing features discussed in an attached
document. GeoEngineers, Inc. cannot guarantee the accuracy and content of electronic files. The master file

is stored by GeoEngineers, Inc. and will serve as the official record of this communication.

Data Source: Roads and watershed boundary downloaded from
Pierce County 2017, Land ownership, streams, and county boundaries
downloaded form Washington Department of Natural Resources 2017.
Projection: NAD 1983 HARN StatePlane Washington South FIPS 4602 Feet

Miles

Watershed Map

Pierce County, Washington

Upper White River CMZ Delineation

Figure 2




P:\0\0497172\GIS\mxd\049717200_CMZ_F03_Regional Geology.mxd Date Exported: 01/08/20 by mtroost

I
|
| - Y -~
I
|
I
|

Ovc(oh)
45
O
% Qls
(S
&
G/‘
46 ~
O
Qvl(o) Mian
Mian
47
- Qad(e)
%
®
4.
%
Q/‘
P
S
Qvl(o)
N
Mvt(fps)
Ovc(oh) /‘ Ovc(oh)
|
MOian
Ovc(oh) Muvt(fps)
Mit

Geologic Units 100K

Qa - Quaternary alluvium
Qls- Quaternary landslides

Qade - Quaternary alpine glacial deposits, Fraser-age or younger
Quvl - Osceola Mudflow

Mvt(fps) - Pliocene-Oligocene tuffs and tuff breccias

|~

Ovc(oh) - Oligocene-Eocene volcaniclastic rocks, tuffs, and tuff breccias

Mian - Pliocene-Miocene intrusive igneous rocks

MOian - Miocene-Oligocene intrusive igneous rocks ) ) Qis(m)
Legend
==== Project Area Extents
—— Streams and Rivers

2,225 2,225
e —
Feet
Regional Geology

Notes: . . . .
1. The locations of all features shown are approximate. Upper Whlte Rlver CMZ De“neatlon
2. This drawing is for information purposes. It is intended to assist in showing features discussed in an attached document. Pierce COU nty Washington
GeoEngineers, Inc. cannot guarantee the accuracy and content of electronic files. !
The master file is stored by GeoEngineers, Inc. and will serve as the official record of this communication.
Data Source: Geology, Washington State Department of Natural Resources F|gu re 3
Projection: NAD 1983 HARN StatePlane Washington South FIPS 4602 Feet




P:\0\0497172\GIS\mxd\049717200_CMZ_F04_Reaches and Floodplain Modifications.mxd Date Exported: 01/08/20 by mtroost

45

/O

[
//
7
’ 4
//
> 4
/\47~
S,
R h,
606 /é»/p
o s,
{
48 \ [
i
@10 \
|
’%@
S
82
// <
4 49
7 -
= N
f R X
§ "4 V4
x 7
i‘é // o .
/ PN\, Crystal Village
4
Crystal River Ranch £ ?,,
Q
* % | 50
5 )
o)
A
3
%
o
[ 51
Legend
4+ River Miles
===== Reach Breaks
== | evees or Revetments
2,225 2,225
— \/anes S —
—— Bridges Feet

Streams and Rivers

Notes:

1. The locations of all features shown are approximate.

2. This drawing is for information purposes. It is intended to assist in showing features discussed in an attached
document. GeoEngineers, Inc. cannot guarantee the accuracy and content of electronic files. The master file

is stored by GeoEngineers, Inc. and will serve as the official record of this communication.

Data Source:

Projection: NAD 1983 HARN StatePlane Washington South FIPS 4602 Feet

Reaches and Floodplain Modifications

Upper White River CMZ Delineation
Pierce County, Washington

Figure 4




0497-172-00 Date Exported: 10/13/2019

Elevation (feet)

Notes:

2200

2100

2000

1900

1800

1700

1600

1500

0 5000

1. The locations of all features shown are approximate.
2. This drawing is for information purposes. It is intended to assist in showing features discussed in an attached document.
GeoEngineers, Inc. cannot guarantee the accuracy and content of electronic files. The master file is stored by GeoEngineers, Inc. and will
serve as the official record of this communication.

Data Source: 2010 LiDAR from Pierce County

Average Slope ~ 1%
Varies from 0.8% - 1.1 %

Greenwater River, RM 45.5

LiDAR 2010 Water Surface Elevation Profile

Upstream Project Extent,
Reach 6 End

Lower End Start Reach 6

>~

Lower End Start Reach 5

Bridge to CRR Community, Lower End Start Reach 4

West Fork White River Confluence, RM 49.2
Bridge, RM 48 Lower End Start Reach 3

Lower End Start Reach 2

Downstream Project Extent, Lower End

10000

Start Reach 1

15000

20000 25000 30000 35000 40000 45000

River Station (feet)

Vertical Exaggeration: 50:1

50000

River Profile

Upper White River CMZ Delineation

Pierce County, Washington

Figure 5




P:\0\0497172\GIS\mxd\049717200_CMZ_F06_Active Channels and Historical Channel Migration Zone.mxd Date Exported: 01/08/20 by mtroost
: v L =

Legend

O River Miles | Active Channel 1985
|:| Historical Migration Zone | | Active Channel 1978
[ | Active Channel 2017 [ ] Active Channel 1970

2,225 2,225

Active Channel 2011 Active Channel 1962 —
[ | Active Channel 2002 | Active Channel 1954 Feet

Active Channel 1993 || Active Channel 1944 Active Channel Traces and

Historical Migration Zone

Notes: . . . .
1. The locations of all features shown are approximate. U pper Wh Ite Rlver CMZ De“neatlon
2. This drawing is for information purposes. It is intended to assist in showing features discussed in an attached i i
document. GeoEngineers, Inc. cannot guarantee the accuracy and content of electronic files. The master file Plerce COU nty’ WaSh | ngton
is stored by GeoEngineers, Inc. and will serve as the official record of this communication.
Data Source: Geology, Modified by GeoEngineers based on WADNR 1:100,000 Geologic Mapping F|gu re 6
Projection: NAD 1983 HARN StatePlane Washington South FIPS 4602 Feet




P:\0\0497172\GIS\mxd\049717200_CMZ_FO07_Active Channel Centerlines and Transects.mxd Date Exported: 01/08/20 by mtroost
£ - i "

Legend Channel Centerlines

O River Miles 2017 1978
Transect 2011 1970
msmm Regch Breaks = 2002 1962

2,225

1993 = 1954 e ——
o= 1985 = 1944 Feet

2,225

Active Channel Centerlines and Transects

Notes: . . . .
1. The locations of all features shown are approximate. Upper White River CMZ Delineation

2. This drawing is for information purposes. It is intended to assist in showing features discussed in an attached pierce COU nty Wash | ngton
document. GeoEngineers, Inc. cannot guarantee the accuracy and content of electronic files. The master file ’
is stored by GeoEngineers, Inc. and will serve as the official record of this communication.

Data Source: Centerlines and Transects - GeoEngineers Flgu re 7

Projection: NAD 1983 HARN StatePlane Washington South FIPS 4602 Feet




P:\0\0497172\GIS\mxd\049717200_CMZ_FO8_Avulsion Hazards and RWSE.mxd Date Exported: 01/08/20 by mtroost

| Legend
% Feet Above

[ ]11-2

[ ]21-3

[ ]31-4

[ 41-5

[ s1-6

e1-7

-8

[s1-9

[]91-10
[ ]101-11
[ 1112
[ ]121-13
[ ]131-14
[ ]141-15
[ ]151-16
[ ]161-17
[ ]171-18
[ ]181-19
[ ]191-20
[ ]201-21
[ ]211-22
[ ]221-23
[ ]231-24
[ ]241-25
[]251-26
[ 26.1-27
[ 27.1-28
P 28.1-29

Legend

e River Miles Potential Avulsion

——— bath
Topographically Low athway

Area Combined Historical
Migration Zone and
Avulsion Hazard Zone

i———"7 Historical Migration
L———1 Zone

Notes:

1. The locations of all features shown are approximate.

2. This drawing is for information purposes. It is intended to assist in showing features discussed in an attached
document. GeoEngineers, Inc. cannot guarantee the accuracy and content of electronic files. The master file

is stored by GeoEngineers, Inc. and will serve as the official record of this communication.

Data Source: Geology, Modified by GeoEngineers based on WADNR 1:100,000 Geologic Mapping

Projection: NAD 1983 HARN StatePlane Washington South FIPS 4602 Feet

E

- al

FITE e

2,225 2,225

e e —
Feet

Relative Water Surface Elevation and
Avulsion Hazards

Upper White River CMZ Delineation
Pierce County, Washington

Figure 8




P:\0\0497172\GIS\mxd\049717200_CMZ F09_Inerpreted eologic Mapping for Erosion Rates.mxd Date Exported: 01/08/20 by mtroost

4

Legend
Geologic Unit O River Mile

| _ _' Quaternary Alluvium

| _ " Alluvial Fan

I _ _' Colluvial Slope
- Debris Flow of Unknown Origin

| _ _' Osceola Mudflow

Notes:

1. The locations of all features shown are approximate.

2. This drawing is for information purposes. It is intended to assist in showing features discussed in an attached
document. GeoEngineers, Inc. cannot guarantee the accuracy and content of electronic files. The master file

is stored by GeoEngineers, Inc. and will serve as the official record of this communication.

Data Source: Geology, Modified by GeoEngineers based on WADNR 1:100,000 Geologic Mapping
Projection: NAD 1983 HARN StatePlane Washington South FIPS 4602 Feet

2,225 2,225

e e —
Feet

Interpreted Geology for
Application of Erosion Rates

Upper White River CMZ Delineation
Pierce County, Washington

Figure 9




Migration Potential Areas.mxd Date Exported: 01/08/20 by mtroost

Reach 1

P:\0\0497172\GIS\mxd\049717200_CMZ_F10

Notes:
1. The locations of all features shown are approximate.
2. This drawing is for information purposes. It is intended

to assist in showing features discussed in an attached document.

GeoEngineers, Inc. cannot guarantee the accuracy and content

of electronic files. The master file is stored by GeoEngineers, Inc.

and will serve as the official record of this communication.

Data Source: LiDAR, Pierce County 2010

Legend
+ River Miles  ------

~=—= Reach Breaks /[

Geotechnical Setback
Disconnected Migration Area

D Severe Migration Potential Area

Projection: NAD 1983 HARN StatePlane Washington South FIPS 4602 Feet

Moderate Migration Potential Area
Low Migration Potential Area

Geologic Unit

" ! Quaternary Alluvium
! Alluvial Fan

|____' Colluvial Slope

e _' Debris Flow of Unknown Origin

I ___' Osceola Mudflow

Channel Migration Zone and
Migration Potential Areas

Upper White River CMZ Delineation
Pierce County, Washington

Figure 10-A
Reach 1




P:\0\0497172\GIS\mxd\049717200_CMZ_F10_M

ration Potential Areas.mxd Date Exported: 01/08/20 by mtroost

ligrat

Reach 2

Notes: Legend
1. The locations of all features shown are approximate. + River Miles

2. This drawing is for information purposes. It is intended
to assist in showing features discussed in an attached document.

------ Geotechnical Setback

GeoEngineers, Inc. cannot guarantee the accuracy and content ==== Reach Breaks ” Disconnected Migration Area

of electronic files. The master file is stored by GeoEngineers, Inc.
and will serve as the official record of this communication.

Data Source: LiDAR, Pierce County 2010

Projection: NAD 1983 HARN StatePlane Washington South FIPS 4602 Feet

D Severe Migration Potential Area
Moderate Migration Potential Area
Low Migration Potential Area

Geologic Unit

" ! Quaternary Alluvium
! Alluvial Fan

|____' Colluvial Slope

e _' Debris Flow of Unknown Origin

I ___' Osceola Mudflow

400 0 400
ey —
Feet

Channel Migration Zone and
Migration Potential Areas

Upper White River CMZ Delineation
Pierce County, Washington

Figure 10-B
Reach 2




P:\0\0497172\GIS\mxd\049717200_CMZ_F10_M

on Potential Areas.mxd Date Exported: 01/08/20 by mtroost

igrati

Projection: NAD 1983 HARN StatePlane Washington South FIPS 4602 Feet

I ___' Osceola Mudflow

Feet

5 b
) |
> R =
- | | Reach 3 IR ©
5 » N\ g ]
: ~\ \ S~ el W X ,
. Legend . -
| 1N?r:[e|s' N - Legend Channel Migration Zone and
. The locations of all features shown are approximate. . ao . . . . ) . .
| 2. This drawing is for information purposes. It is intended + River Miles Geotechnical Setback GGOIOglC Unlt Mlgratlon Potent|a| Al’eaS
to assist in showing features discussed in an attached document. r . . . - — i
GeoEngineers, Inc. cannot guarantee the accuracy and content ===== Reach Breaks m Disconnected Mlgfatlon Area | I Quaternary Alluvium . . . .
of electronic files. The master file is stored by GeoEngineers, Inc. . . . ____l Upper White River CMZ Delineation
and will serve as the official record of this communication. D Severe Mlgrat|on Potential Area | Alluvial Fan Pierce County WaShington
Data Source: LiDAR, Pierce County 2010 Moderate Migration Potential Area I — _I Colluvial S|0pe 400 0 400 F 10 C
. . . - — . . 18Ur -
Low Migration Potential Area [l Debris Flow of Unknown Origin e — B s




ration Potential Areas.mxd Date Exported: 01/08/20 by mtroost

ligrat

Reach 4

P:\0\0497172\GIS\mxd\049717200_CMZ_F10_M

Notes: Legend

1. The locations of all features shown are approximate.

2. This drawing is for information purposes. It is intended

to assist in showing features discussed in an attached document.
GeoEngineers, Inc. cannot guarantee the accuracy and content
of electronic files. The master file is stored by GeoEngineers, Inc.
and will serve as the official record of this communication.

Data Source: LiDAR, Pierce County 2010

Projection: NAD 1983 HARN StatePlane Washington South FIPS 4602 Feet

+ River Miles  ------

~=—= Reach Breaks /[

Geotechnical Setback
Disconnected Migration Area

D Severe Migration Potential Area

Moderate Migration Potential Area
Low Migration Potential Area

Geologic Unit

" ! Quaternary Alluvium
! Alluvial Fan

|____' Colluvial Slope

e _' Debris Flow of Unknown Origin

I ___' Osceola Mudflow

400 0 400
ey —
Feet

Channel Migration Zone and
Migration Potential Areas

Upper White River CMZ Delineation
Pierce County, Washington

Figure 10-D
Reach 4




ration Potential Areas.mxd Date Exported: 01/08/20 by mtroost

ligrat

P:\0\0497172\GIS\mxd\049717200_CMZ_F10_M

Notes:

1. The locations of all features shown are approximate.

2. This drawing is for information purposes. It is intended

to assist in showing features discussed in an attached document.
GeoEngineers, Inc. cannot guarantee the accuracy and content
of electronic files. The master file is stored by GeoEngineers, Inc.
and will serve as the official record of this communication.

Data Source: LiDAR, Pierce County 2010

o, /
S,
S 7 \"""'----._, /l
'~-~__.~ L —-h"‘u./
______ X N
=~ . |
s
.l T—
—~ -._.___-\
oy
.
/ / N
/ / \'\\

ST N » Wk LY
) Reach 5 UL | i N
. o'y s : - — 3 A
Legend Channel Migration Zone and
+ RiverMiles  ------ Geotechnical Setback Geologic Unit Migration Potential Areas

==== Reach Breaks Disconnected Migration Area
D Severe Migration Potential Area
Moderate Migration Potential Area
Low Migration Potential Area

Projection: NAD 1983 HARN StatePlane Washington South FIPS 4602 Feet

" | Quaternary Alluvium

. ! Alluvial Fan

. ! Colluvial Slope 400 0 400
['271 Debris Flow of Unknown Origin e —
I~ Feet

I ___' Osceola Mudflow

Upper White River CMZ Delineation
Pierce County, Washington

Figure 10-E
Reach 5




bt Shiseaindh:

ration Potential Areas.mxd Date Exported: 01/08/20 by mtroost

ligrat

Notes: Legend

1. The locations of all features shown are approximate. . .
2. This drawing is for information purposes. It is intended + River Miles
to assist in showing features discussed in an attached document.

Channel Migration Zone and
Migration Potential Areas

------ Geotechnical Setback Geologic Unit

GeoEngineers, Inc. cannot guarantee the accuracy and content ===== Reach Breaks ” Disconnected Migration Area | _ _I Quaternary Alluvium
of electronic files. The master file is stored by GeoEngineers, Inc. i . . -
and will serve as the official record of this communication. D Severe Mlg ration Potential Area I Alluvial Fan

Upper White River CMZ Delineation
Pierce County, Washington

Data Source: LiDAR, Pierce County 2010 Moderate Mlgratlon Potential Area | _ _I Colluvial Slope

400 0 400 .
Low Migration Potential Area I Debris Flow of Unknown Origin e — FIgRL::c:l-OG-F

P:\0\0497172\GIS\mxd\049717200_CMZ_F10_M

Projection: NAD 1983 HARN StatePlane Washington South FIPS 4602 Feet | _I Osceola MUdﬂOW Feet




ration Potential Areas.mxd Date Exported: 01/08/20 by mtroost

ligr

PaCE .
.'0 - "::‘;
* 3.3

v:’

[

45 \

~
‘e ite o
.
o Mgy
e TS Ll Ll T T R
rmllEwy
...'.:."J""HI
----.'.".‘-'.'.".-_l.l.h-..n N
'-nl.-.-.-‘. .
ey,
Ty
v B
AR
“'.:'.4 r.p‘
hs -
"#.'MH.maf"‘.:.:-."‘
---....-“‘

P Pl 8
r_-:-l_'..---...'....'.,__l_u:-:.-_.

R L P

Reach 1

O

ey
e S
’3 *
,----:‘!-“"'”
- y I‘H“
46
e A 1]
S SR N P,
2357 S,
-
,.-a_'u'" RN
‘at‘:':‘-‘-“ Rt
-lf:"‘

Lt L L L L] e M

P:\0\0497172\GIS\mxd\049717200_CMZ_F11_M

Notes:

1. The locations of all features shown are approximate.

2. This drawing is for information purposes. It is intended

to assist in showing features discussed in an attached document.
GeoEngineers, Inc. cannot guarantee the accuracy and content
of electronic files. The master file is stored by GeoEngineers, Inc.
and will serve as the official record of this communication.

Data Source: 2017 Aerial Photograph from Pirece County

Projection: NAD 1983 HARN StatePlane Washington South FIPS 4602 Feet

Legend
4+ River Miles
===== Reach Breaks

=====+ Geotechnical Setback
Channel Migration Zone Boundary
Disconnected Migration Area
Severe Migration Potential Area
Moderate Migration Potential Area

Low Migration Potential Area

Channel Migration Zone and
Migration Potential Areas

Upper White River CMZ Delineation
Pierce County, Washington

Figure 11-A
Reach 1




ration Potential Areas.mxd Date Exported: 01/08/20 by mtroost

ligr

P:\0\0497172\GIS\mxd\049717200_CMZ_F11_M

o P T P
ﬂ““ﬁ*tﬂ*m '%.;..---..’
'..::ﬁ&t l’“ * ‘_-.1----..‘
‘ é’ ‘o“ 0‘
gumusame »*
» “ L
* o’ et
g 0’:\"
-’
e
LIRY
ry
0'..-
“ ‘
."("
R
Y o
\‘ l. ~$ val
S K
L3y
Y. i
L N P ey
M.""';\. ,"{\F! AT sst
i/ ..'. —t’;‘
Rl
s.
|l.|||. ‘e, ‘o
- L11] .,
e, VY ~ att g
- ":."1 - X ”0'3 ""-...5.%‘
o Xy - . 3 Wt e ¥
ROSLAT TTEY Lilhe * "R O it Py ~.'?’H$'t
fre, o » O v e -,
Bl L VY I TIIE L) bt .
.f}:“ At B e e e - ) ff".:.
oy Py ) ‘--l"'-— ’~.%
-, I\ e .3
e lds ,“ -~ 83
~’b“’$ “ ." .’4
h S z“’g "’0 o
e, % A 4
5.’%‘ "‘..o
’S 4“0'
”0 \"&"
., Y o
% f“'n, 4\“‘:‘"“
L 2 »
~~,_. % “““ “““‘|“\\--“'
St et M A A A T e
pAL T R
Reach 2
| . Legend . -
1N?r:cels. N - Channel Migration Zone and
. The locations of all features shown are approximate. . . I . . . .
| 2. This drawing is for information purposes. It is intended + River Miles Geotechnical Setback Mlgratlon Potential Areas
to assist in showing features discussed in an attached document. . .
GeoEngineers, Inc. cannot guarantee the accuracy and content ==== Reach Breaks Channel M'grann Zone Boundary U White Ri CMZ Deli i
of electronic files. The master file is stored by GeoEngineers, Inc. 4 . . . pper Ite river elineation
d will the official record of thi ication. Disconnected Migration Area . .
and will serve as the official record of this communication m g Pierce County, Washlngton
Data Source: 2017 Aerial Photograph from Pirece County Severe M|grat|on Potential Area 400 0 400 i
Moderate Migration Potential Area ™ ™ em— FIgRure ::]'12'8
eac
Projection: NAD 1983 HARN StatePlane Washington South FIPS 4602 Feet LOW M|g ration Potential Area Feet




Projection: NAD 1983 HARN StatePlane Washington South FIPS 4602 Feet

Moderate Migration Potential Area

Low Migration Potential Area

Feet

1 ~.'
e,
e,
3, %
”“.
*
»‘.
.0
‘0
XN
] )
e ey kAN
(z" e Ty AN
13 -, 4 .,
A 3% .~"' ..
“‘ g o, ¥ LR
‘;! “o‘ « ¥t 2.%
!“ - . ,4'.' C n‘o‘
be 2V, B Y
.. ’ ”» . asmessamg gy L R it
5.00" ‘:0~ “,l-——" ---'.:._... . “‘|'.“' -
0~"‘ q"ﬁ..~ e . . l-..':..:..‘f | o ',, 0.--.-1-1--------....
.’:’¢ “”n..__.... “‘.----.-...... —-“" LI o Smll‘-’lIr-'il!.'ﬂ,pr.,‘i;.:--.... PP e
" ¥, AT an g ., AT, R SNISRES S et AT
’O’ "'1’ P ’\\-‘ . Pausma .--..,-:;r-‘-‘ ooy
‘..’6 Lapanst b -t
"9
\‘ c'
0‘ }‘
LN
o’:o'
oS,
0.’:;:
0.\
*
.
.
. AL T
'-.-".',... &‘\fo‘- ."n... .,
.."-___.—-‘ i __.._"\\:_“‘ ~ay
,g ‘massma,,
£ ¥
3
&
3
3
3
El
]
]
8
K]
€
=
T
3
o
E Reach 3
8
%‘1
p
N . Legend . -
g 1N?r:cels. N - Channel Migration Zone and
| 1. The locations of all features shown are approximate. . . cennmme . ) B .
8| 2. This drawing is for information purposes. It is intended + River Miles Geotechnical Setback Mlgratlon Potential Areas
a‘ to assist in showing features discussed in an attached document. . .
§ GeoEngineers, Inc. cannot guarantee the accuracy and content ====Reach Breaks Channel Mlgratlon Zone Boundary §] White Ri CMZ Deli ti
3| of electronic files. The master file is stored by GeoEngineers, Inc. 4 . . . pper Ite river elineation
2| and will serve as the official record of this communication. m Disconnected Mlgratlon Area . .
g : Pierce County, Washington
3 . , : Severe Migration Potential Area ,
< Data Source: 2017 Aerial Photograph from Pirece County 400 0 400
u
5
3
[}
&

Figure 11-C
Reach 3




ration Potential Areas.mxd Date Exported: 01/08/20 by mtroost

ligr

ounuas

P:\0\0497172\GIS\mxd\049717200_CMZ_F11_M

Pl
. v— Rt
‘n“- rmt® .5’ ::
yumsmnms
AL A AR AR .."’
o 2R Y ., . -‘-_u
‘:‘ﬂ"—“- - ...'ﬁo ““‘::'“ %';u:lt"‘"
emyaTis SN oty
s, '_.--...; AL o.:.. ‘.“-.1"
RS TTITTI L FFEE P oo S T T
permaege®’ "\.‘Il.- A AT <3 ™o
A “‘-:':...~~ - 1'.'.1]:‘ ! ""H‘-“"‘
e, R L Feragae P — 0"“"-‘
eI L oty mrrem..,, Wid
resaEsre ’un‘\-‘l"-'-'-"'-'-'-lr.-.-."-,,._,.‘;'-.., e ‘.'5
N e ", B eimiieiet b
Toa ,-:"_'.'.', -+ Y FRY T Pty
e, Ll
O 1]
° ‘af"":-i-r'" - '."..-"l":"i;
\ ) . A Y
\".;\ffll“:t‘."q,'i“ o2 ‘:‘:‘—" ".?"'
.’\'i“l‘—“.-..- ‘....-.1';‘.11.21‘?‘4‘ '.:
.,c;."
LA
,-'-'
3By, 72
“ P ey L 1% '.l
I\ 3 ¢
ge i e
"wpamungy "‘
.... .0
~.'.. :’
------'--.._.... F
...'.-lll-lll‘
t
A
Yeus
Reach 4
| 1N?r:cels: o . Legend Channel Migration Zone and
. The locations of all features shown are approximate. . . I . i . . .
| 2. This drawing is for information purposes. It is intended + River Miles Geotechnical Setback Mlgratlon Potential Areas
to assist in showing features discussed in an attached document. . .
GeoEngineers, Inc. cannot guarantee the accuracy and content ==== Reach Breaks Channel M'grann Zone Boundary U White Ri CMZ Deli i
of electronic files. The master file is stored by GeoEngineers, Inc. 4 . . . pper Ite river elineation
and will serve as the official record of this communication. Disconnected Migration Area . .
7 9 Pierce County, Washington
Data Source: 2017 Aerial Photograph from Pirece County Severe Mlgratlon Potential Area 400 0 400 . 11
Moderate Migration Potential Area ™ ™ —] Fliure h ‘;D
eac
Projection: NAD 1983 HARN StatePlane Washington South FIPS 4602 Feet LOW M|g ration Potential Area Feet




ration Potential Areas.mxd Date Exported: 01/08/20 by mtroost

ligr

P:\0\0497172\GIS\mxd\049717200_CMZ_F11_M

1. The locations of all features shown are approximate.

2. This drawing is for information purposes. It is intended

to assist in showing features discussed in an attached document.
GeoEngineers, Inc. cannot guarantee the accuracy and content
of electronic files. The master file is stored by GeoEngineers, Inc.
and will serve as the official record of this communication.

4+ River Miles
===== Reach Breaks

Data Source: 2017 Aerial Photograph from Pirece County

Projection: NAD 1983 HARN StatePlane Washington South FIPS 4602 Feet

=====+ Geotechnical Setback
Channel Migration Zone Boundary
Disconnected Migration Area
Severe Migration Potential Area
Moderate Migration Potential Area

Low Migration Potential Area

400

Feet

8 ] *
_‘—"'n..-"."'.. l‘ ™ ;;‘.
ousamugs® -, e TGS
..;;\._“..,."mu-ur.'-lll'-'-l;,' N, /'; '.v,“';.\
pn oy & ottt gy e
ety PR RN
T 8% ot P,
AT S . “¢¢|f- ‘Z,'b,
~ »
.’l ....."}“‘ “’;\-,
"'n’ u,
dg, "~
i"’,.
.
O
ATAMI VL,
i b S
(Y 23 “'—‘ %%
L\ ‘g 2550 .
1T 1113 e . ~, %y
R ‘\—“-“‘_-..._.-' ’.._E::l‘\...."._-.u’{:‘.ﬂ‘ '~,~4$5,
RASeL —rrmies IR 7T
$'0 st
'é.. Ty
L | »,
[ .
:: ...,.
.
of e
"0.. '... LT}
-“:r‘" "--..-......."ﬂl‘...-., ‘--_-ll.l..~.
.
’. ﬂ‘;‘.- gy, ..'..
p A LEEE LELE 25 18 ey
n' *° ...'...'.
.
! S
/
‘an
‘mamg e
Qe
-y .o:ﬂ
.
N...
‘0
Reach 5
| . Legend ; ;
Notes: Channel Migration Zone and

400

Migration Potential Areas

Upper White River CMZ Delineation
Pierce County, Washington

Figure 11-E
Reach 5




oo ®

4

.
.
Y

R
.

L TP
gt .

L P, S

ke s

e TT S

¢

ration Potential Areas.mxd Date Exported: 01/08/20 by mtroost

ligr

e,
.® e,

Projection: NAD 1983 HARN StatePlane Washington South FIPS 4602 Feet

P:\0\0497172\GIS\mxd\049717200_CMZ_F11_M

Moderate Migration Potential Area

Low Migration Potential Area

Feet

S
0~.
..
“0
.
0~.
0.~.
.
0~’
0‘.
0‘.
‘0
“
‘\
*
.0
"
Reach 6
| . Legend . -
1N?r:cels. N - Channel Migration Zone and
. The locations of all features shown are approximate. . . I . . . .
| 2. This drawing is for information purposes. It is intended + River Miles Geotechnical Setback Mlgratlon Potential Areas
to assist in showing features discussed in an attached document. . .
GeoEngineers, Inc. cannot guarantee the accuracy and content ==== Reach Breaks Channel M'grann Zone Boundary U White Ri CMZ Deli i
of electronic files. The master file is stored by GeoEngineers, Inc. . . . pper Ite river elineation
and will serve as the official record of this communication. m Disconnected Mlgratlon Area Pierce County, WaShington
Data Source: 2017 Aerial Photograph from Pirece County Severe M|grat|on Potential Area 400 0 400

Figure 11-F
Reach 6




Migration Potential Areas with tax parcels.mxd Date Exported: 01/08/20 by mtroost

Reach 1

P:\0\0497172\GIS\mxd\049717200_CMZ_F12

Notes:

1. The locations of all features shown are approximate.

2. This drawing is for information purposes. It is intended

to assist in showing features discussed in an attached document.
GeoEngineers, Inc. cannot guarantee the accuracy and content
of electronic files. The master file is stored by GeoEngineers, Inc.
and will serve as the official record of this communication.

Data Source: 2017 Aerial Photograph and Parcels from Pierce County

Projection: NAD 1983 HARN StatePlane Washington South FIPS 4602 Feet

Legend
4+ River Miles

Channel Migration Zone Boundary

==== Reach Breaks m Disconnected Migration Area

@] Tax Parcels

Severe Migration Potential Area
Moderate Migration Potential Area
Low Migration Potential Area

400 0 400
g —
Feet

Channel Migration Zone and
Migration Potential Areas

Upper White River CMZ Delineation
Pierce County, Washington

Figure 12-A
Reach 1




Migration Potential Areas with tax parcels.mxd Date Exported: 01/08/20 by mtroost

X

Reach 2

P:\0\0497172\GIS\mxd\049717200_CMZ_F12

Data Source: 2017 Aerial Photograph and Parcels from Pierce County

Projection: NAD 1983 HARN StatePlane Washington South FIPS 4602 Feet

Notes: Legend

1. The locations of all features shown are approximate. . . . .

2. This drawing is for information purposes. It is intended + River Miles Channel Mlgratlon Zone Boundary
to assist in showing features discussed in an attached document. % . . .

GeoEngineers, Inc. cannot guarantee the accuracy and content ====Reach Breaks m Disconnected M'Qratlon Area

of electronic files. The master file is stored by GeoEngineers, Inc. . . .

and will serve as the official record of this communication. @ Tax Parcels Severe Mlg ration Potential Area

Moderate Migration Potential Area
Low Migration Potential Area

400 0

Feet

400

Channel Migration Zone and
Migration Potential Areas

Upper White River CMZ Delineation
Pierce County, Washington

Figure 12-B
Reach 2




ration Potential Areas with tax parcels.mxd Date Exported: 01/08/20 by mtroost

ligr

//

P:\0\0497172\GIS\mxd\049717200_CMZ_F12_M

——
/—__/
~—— I
~
Reach 3
. Legend . -
| 1N?:els- N - Channel Migration Zone and
. The locations of all features shown are approximate. . . . . . . .

| 2. This drawing is for information purposes. It is intended + River Miles Channel Migration Zone Boundary Mlgratlon Potential Areas

to assist in showing features discussed in an attached document. 4 . . .

GeoEngineers, Inc. cannot guarantee the accuracy and content ===== Reach Breaks m Disconnected M'Qratlon Area . . . .

of electronic files. The master file is stored by GeoEngineers, Inc. . . . Upper White River CMZ Delineation

and will serve as the official record of this communication. @] Tax Parcels Severe Migration Potential Area Pierce County Washington

Data Source: 2017 Aerial Photograph and Parcels from Pierce County Moderate Migration Potential Area 400 0 400 )

Low Migration Potential Area P — Figure 12C
Projection: NAD 1983 HARN StatePlane Washington South FIPS 4602 Feet Feet eac




ration Potential Areas with tax parcels.mxd Date Exported: 01/08/20 by mtroost

ligr

@

49

Reach
N~

P:\0\0497172\GIS\mxd\049717200_CMZ_F12_M

Notes: Legend

1. The locations of all features shown are approximate. . . . .

2. This drawing is for information purposes. It is intended + River Miles Channel Mlgrat|0n Zone Boundary
to assist in showing features discussed in an attached document. 4 . . .

GeoEngineers, Inc. cannot guarantee the accuracy and content ==== Reach Breaks m Disconnected Mlgratlon Area

of electronic files. The master file is stored by GeoEngineers, Inc. . . .

and will serve as the official record of this communication. B Tax Parcels Severe Mlg ration Potential Area

Data Source: 2017 Aerial Photograph and Parcels from Pierce County

Projection: NAD 1983 HARN StatePlane Washington South FIPS 4602 Feet

Moderate Migration Potential Area
Low Migration Potential Area

400 0 400

Feet

Channel Migration Zone and
Migration Potential Areas

Upper White River CMZ Delineation
Pierce County, Washington

Figure 12-D
Reach 4







ration Potential Areas with tax parcels.mxd Date Exported: 01/08/20 by mtroost

ligr

17}

[T

iy,

/

Reach 6

P:\0\0497172\GIS\mxd\049717200_CMZ_F12_M

Notes:

1. The locations of all features shown are approximate.

2. This drawing is for information purposes. It is intended

to assist in showing features discussed in an attached document.
GeoEngineers, Inc. cannot guarantee the accuracy and content
of electronic files. The master file is stored by GeoEngineers, Inc.
and will serve as the official record of this communication.

Data Source: 2017 Aerial Photograph and Parcels from Pierce County

Projection: NAD 1983 HARN StatePlane Washington South FIPS 4602 Feet

Legend
4+ River Miles

Channel Migration Zone Boundary

==== Reach Breaks m Disconnected Migration Area

@] Tax Parcels

Severe Migration Potential Area
Moderate Migration Potential Area
Low Migration Potential Area

400 0 400

Feet

Channel Migration Zone and
Migration Potential Areas

Upper White River CMZ Delineation
Pierce County, Washington

Figure 12-F
Reach 6




P:\0\0497172\GIS\mxd\049717200_CMZ_F13_Channel Migration Zone and FEMA Floodway.mxd Date Exported: 01/08/20 by mtroost

2

45
O

46
O
47
O
48

Legend

o RiverMile Channel Migration Zone Boundary

) Pierce County Deep and/or Fast  [////] Disconnected Migration Area
“I Flowing Floodway Unverified o .
Severe Migration Potential Area

FEMA Floodwa
[:J y Moderate Migration Potential Area

Low Migration Potential Area

Notes:

1. The locations of all features shown are approximate.

2. This drawing is for information purposes. It is intended to assist in showing features discussed in an attached
document. GeoEngineers, Inc. cannot guarantee the accuracy and content of electronic files. The master file

is stored by GeoEngineers, Inc. and will serve as the official record of this communication.
Data Source: Geology, Modified by GeoEngineers based on WADNR 1:100,000 Geologic Mapping

Projection: NAD 1983 HARN StatePlane Washington South FIPS 4602 Feet

2,225 0 2,225

Feet

FEMA Floodway and Pierce County
Deep and/or Fast Flowing Floodway

Upper White River CMZ Delineation
Pierce County, Washington

Figure 13




APPENDIX A
Site Photographs



A

0497-172-00 Date Exported: 10/17/19

Photograph 1. Bar material and Osceola Mudflow with a dark soil layer above and interface with alluvium at

center of photo. Soil layer covers both units. Near RM 47.5.

Photograph 2. Bar material and Osceola Mudflow along left bank near RM 50.4 and south end of Crystal River

Ranch Community

Site Photographs

Upper White River CMZ Delineation
Pierce County, Washington

Figure A-1
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Photograph 3. One of numerous side channels within floodplain.

Photograph 4. Abundant large wood within Reach 5.

Site Photographs
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Photograph 5. Osceola Mudflow along left bank near RM 47, approximately 30 to 35 feet high.

Photograph 6. High bank in Osceola Mudflow that is actively eroding.
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Photograph 7. Lower terrace of Osceola Mudflow at Crystal River Ranch. Osceola Mudflow at base of slope is
overlain by approximately 4 to 6 feet of alluvial sediments with two different distinct layers; the lower is brown,
the upper is gray.

Photograph 8. Bridge near RM 48.9.
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Photograph 9. Bridge near RM 46.8.

0497-172-00 Date Exported: 10/17/19

Photograph 10. Abutment to old bridge near RM 49.7 consists of massive riprap and wood.
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Photograph 11. Pierce County levee along right bank near RM 45.1.

Photograph 12. Levee along right bank near RM 46.6.
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Photograph 13. Crystal River Ranch rock vane exposed.

Photograph 14. Large ecology block revetment near RM 49.8.
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Photograph 15. Gabion basket revetment near RM 49.5.

Photograph 16. Eroding Osceola Mudflow bank near Crystal River Ranch with pistol butt tree.
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Photograph 17. Debris flow of unknown origin with alluvium and topsoil on top (arrow marks boundary).

4

Photograph 18. Debris flow of unknown origin and significantly undercut bank. Tree growing atop of undercut
with overhanging roots and other vegetation.

Site Photographs

Upper White River CMZ Delineation
Pierce County, Washington

Figure A-9
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Table B-1

Measured Migration Distances in Alluvium
Upper White River Channel Migration Zone Delineation
Near the Town of Greenwater in Pierce County, Washington

Migration Distance (feet) from Previous Aerial Photo Record in Alluvium
Reach Transect 1954 1962 1970 1978 1985 1993 2002 2011 2017
1 3 4 8 1 4 1 1 3 22
2 2 16 3 15 6 1 4 51 20
3 10 24 1 0 2 5 66 12 10
4 11 9 1 14 8 23 106 2 4
5 13 27 0 2 62 51
6 17 15 3 6 23 4
7 33 0 6 1 8 50 14 11
8 40 15 16 18 9 31 22 1 7
9 31 53 12 22 54 5 8 a7 39
10 1 26 14 5 26 19 1 2 34
11 21 10 0 15 4 3 1 0 43
12 27 10 0 41 3 0 S 2 45
13 36 26 1 27 8 0 1 0 19
14 24 36 1 0 4 0 2 4 7
15 7 33 2 1 0 1 0 54 2
16 17 40 2 0 7 12 8 47 52
17 21 32 6 4 11 31 25 21 56
18 3 28 5 5 4 14 3 10
19 1 33 5 2 5 3 0 0
1 20 1 23 4 2 4 3 0 10
21 0 25 0 7 5 2 1 12 21
22 6 21 1 1 4 1 0 11
23 9 13 4 3 7 0 0 10
24 4 10 4 4 0 0 1 14
25 9 16 2 0 0 1 2 15 10
26 6 15 2 4 1 1 3 14 12
27 1 14 4 8 8 6 3 17 17
28 8 15 9 10 8 5 0 36 72
29 4 14 8 11 11 8 2 146 60
30 37 9 7 3 13 33 10 134 43
31 100 10 3 15 3 22 2 13 96
32 61 4 0 18 3 16 5 92 61
33 25 4 2 21 4 11 12 100 34
34 3 0 0 12 1 12 10 30 49
35 13 3 3 12 8 4 8 39 67
36 7 4 9 7 10 16 17 50 35
37 4 10 14 1 6 14 6 4
38 1 17 5 2 2 8 9 44 12
39 3 16 1 4 12 36 57 45
40 4 19 0 4 5 40 52 43 105

File No. 0497-172-00
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Migration Distance (feet) from Previous Aerial Photo Record in Alluvium
Reach Transect 1954 1962 1970 1978 1985 1993 2002 2011 2017
41 9 20 2 39 25 47 31 7 110
42 8 19 12 30 34 53 21 74 67
43 9 16 1 28 37 10 6 28 23
44 17 37 5 14 22 2 17 5)
45 17 37 2 31 39 27 3 1
46 6 30 4 10 3 13 71 2 24
47 11 145 74 18 12 12 26 5 1
48 15 184 149 27 8 19 50 0 5
49 58 138 121 36 12 17 53 1 0
50 57 160 35 22 0 4 19 2 1
51 24 43 1 19 0 7 0 0 3
52 2 6 2 7 8 0 2 5 0
53 29 25 15 6 14 38 2 3 6
2 54 21 7 16 7 16 94 3 4 2
55 15 3 3 38 8 113 15 5 7
56 46 9 8 6 6 81 9 36
57 36 6 4 13 3 6
58 7 28 29 82 11 0 15 15 58
59 9 69 24 93 9 11 29 70 170
60 54 117 121 70 9 52 66 94 161
61 91 115 122 93 54 3 10 53 99
62 55 36 113 45 10 21 1 4 34
63 3 18 102 6 47 4 3 16 4
64 18 3 30 14 3 20 7 1 92
65 12 8 1 2 0 2 1 13 42
66 4 8 5 7 5 1 14 7 3
67 54 7 7 1 1 5 4 40 16
68 45 5 3 9 0 14 11 65 9
69 16 4 0 7 5 29 19 48 6
70 70 2 2 67 18 63 4 30 2
71 145 3 2 157 6 157 3 18 0
72 112 0 11 130 1 134 3
73 78 7 42 45 5 97 7 0 2
74 51 89 39 5 10 17 30 39
75 23 58 21 10 29 29 11 84 33
76 37 3 20 27 49 a7 3 21
3 77 2 21 90 12 6 20 1 4 8
78 60 2 10 13 8 12 4 14
79 9 3 2 0 1 41 16 25
80 0 2 0 8 50 6 12
81 7 2 6 2 11 8 6
82 22 4 5 5 20 36 10 5
83 29 10 1 4 13 27 12 9
84 14 12 0 7 16 15 9 5 2
85 4 6 2 15 13 3 10
86 10 6 2 11 13 5 33 39 9
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Migration Distance (feet) from Previous Aerial Photo Record in Alluvium

Reach Transect 1954 1962 1970 1978 1985 1993 2002 2011 2017
87 43 115 101 9 9 11 47 14 1
88 116 24 131 2 58 6 67 26 20
(cont?nue d) 89 63 69 105 16 68 1 58 0 47
90 24 15 29 6 1 26 0
91 39 22 35 17 1 4 8 14 2
92 23 23 6 21 4 9 8 5 0
93 41 64 4 6 17 102 24 7 0
94 95 98 5 30 8 72 22 26 0
95 36 19 22 69 14 11 114 71 51
96 69 35 22 29 12 41 79 56 150
4 97 152 90 139 93 5 69 19 35 179
98 75 95 187 55 18 0 149 22 261
99 123 50 106 5 46 18 94 17 100
100 49 4 82 11 171 5 28 2 1
101 16 15 7 132 58 13 44 80 21
102 8 33 75 84 52 15 84 28 5
103 47 5 37 6 90 27 51 53 69
104 119 70 51 2 8 49 30 135 41
105 26 7 10 15 40 86 41 152 19
106 7 115 63 2 24 24 25 86 11
107 33 141 30 43 37 16 25 42 10
108 6 56 47 9 52 6 4 26 13
109 5 6 77 4 1 20 31 17 17
110 40 52 52 16 14 57 75 69 18
111 66 30 34 36 30 66 0 167 1
112 44 38 105 6 25 79 61 166 2
5 113 2 59 83 21 106 5 75 170 1
114 36 58 10 20 113 0 71 106 11
115 27 132 126 4 19 33 24 116 7
116 25 108 136 51 10 36 36 70 83
117 41 115 174 51 4 4 42 8 78
118 34 55 85 15 19 14 17 22 41
119 24 3 6 35 91 37 80 74 14

120 22 18 104 13 144 78 118 8

121 115 25 122 1 2 16 80 41
122 102 2 28 8 73 9 2 43 6
123 117 56 93 60 11 72 86 69 35
124 107 53 134 73 5 74 106 26 153
125 125 44 78 18 87 3 2 59 61
126 66 20 2 19 60 1 13 81 30
127 11 37 101 4 23 38 33 144 5
6 128 38 27 130 62 34 132 125 82 18
129 8 64 12 42 22 124 173 49 0
130 13 27 5 13 50 112 212 84 6
131 80 85 19 128 30 96 262 42 24
132 98 17 26 95 19 62 265 0 11
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Migration Distance (feet) from Previous Aerial Photo Record in Alluvium
Reach Transect 1954 1962 1970 1978 1985 1993 2002 2011 2017
133 21 167 0 25 32 112 198 48 94
134 17 131 8 107 28 13 48 10 113
135 104 9 3 115 16 32 154 65 82
136 154 46 47 60 50 56 288 289 29
137 84 56 5 3 155 63 302 411 7
6 138 55 40 11 167 203 145 65 350 1
(continued) 139 135 31 69 136 216 42 24 125 29
140 143 108 37 215 183 143 28 57 45
141 17 18 20 119 185 58 111 300 20
142 123 56 8 4 133 13 216 212 32
143 100 50 50 82 43 5 158 51 21
144 3 1 28 10 41 61 110 34 5
Notes:

Did not use in reach average because of anthropogenic influence

Distances are rounded to the nearest whole number

File No. 0497-172-00
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Table B-2

Measured Migration Distances in the Osceola Mudflow
Upper White River Channel Migration Zone Delineation
Near the Town of Greenwater in Pierce County, Washington

Migration Distance From Previous Aerial Photo Record in Osceola Mudflow
Reach Transect 1954 1962 1970 1978 1985 1993 2002 2011 2017
46 4 23 6 17 0 21 3 0 8
51 0 1 1 9 3 3 20 0 0
52 0 0 0 0 0 0 0 0 0
53 0 0 0 0 0 0 0 0 0
2 54 NA NA NA 6 10 4 27 11 0
55 NA NA NA 21 3 12 26 4
56 NA NA 1 18 6 0 18 3 3
57 0 0 0 0 0 0 20 12 12
58 0 0 18 0 9 5 0
59 0 0 2 0 NA NA NA 3 0
110 0 0 17 11 18 0 19 0 3
5 121 19 28 0 0 0 0 0 0
122 23 34 0 0 0 0 0 9
123 26 37 0 24 0 0 0 0 0
6 124 19 52 0 44 0 0 0 3 0
Notes

NA - Active channel was not in contact with the Osceola Mudflow
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APPENDIX C
REPORT LIMITATIONS AND GUIDELINES FOR USE!

This appendix provides information to help you manage your risks with respect to the use of this report.

Geotechnical Services Are Performed for Specific Purposes, Persons and Projects

This report has been prepared for the exclusive use of Pierce County Planning & Public Works and their
authorized agents. This report is not intended for use by others, and the information contained herein is
not applicable to other sites.

GeoEngineers structures our services to meet the specific needs of our clients. For example, a geotechnical
or geologic study conducted for a civil engineer or architect may not fulfill the needs of a construction
contractor or even another civil engineer or architect that are involved in the same project. Because each
geotechnical or geologic study is unique, each geotechnical engineering or geologic report is unique,
prepared solely for the specific client and project site. Our report is prepared for the exclusive use of our
Client. No other party may rely on the product of our services unless we agree in advance to such reliance
in writing. This is to provide our firm with reasonable protection against open-ended liability claims by third
parties with whom there would otherwise be no contractual limits to their actions. Within the limitations of
scope, schedule and budget, our services have been executed in accordance with our Agreement with the
Client and generally accepted geotechnical practices in this area at the time this report was prepared. This
report should not be applied for any purpose or project except the one originally contemplated.

A Geotechnical Engineering or Geologic Report is Based on a Unique Set of Project-Specific
Factors

This report has been prepared for a portion of the Upper White River. GeoEngineers considered a number
of unique, project-specific factors when establishing the scope of services for this project and report. Unless
GeoEngineers specifically indicates otherwise, do not rely on this report if it was:

®m Not prepared for you,

m Not prepared for your project,

m Not prepared for the specific site explored.

Subsurface Conditions Can Change

This geotechnical or geologic report is based on conditions that existed at the time the study was performed.
The findings and conclusions of this report may be affected by the passage of time, by manmade events
such as construction on or adjacent to the site, or by natural events such as floods, earthquakes, wildfires,
slope instability or groundwater fluctuations. Always contact GeoEngineers before applying a report to
determine if it remains applicable.

1 Developed based on material provided by ASFE, Professional Firms Practicing in the Geosciences; www.asfe.mg.
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Most Geotechnical and Geologic Findings are Professional Opinions

Our interpretations of subsurface conditions are based on field observations from widely spaced sampling
locations at the site. Site exploration identifies subsurface conditions only at those points where subsurface
tests are conducted or samples are taken. GeoEngineers reviewed field data and then applied our
professional judgment to render an opinion about subsurface conditions throughout the site. Actual
subsurface conditions may differ, sometimes significantly, from those indicated in this report. Our report,
conclusions and interpretations should not be construed as a warranty of the subsurface conditions.

A Geotechnical Engineering or Geologic Report Could Be Subject to Misinterpretation

Misinterpretation of this report by others can result in costly problems. You could lower that risk by having
GeoEngineers confer with appropriate members of the design team after submitting the report. Also retain
GeoEngineers to review pertinent elements of the design team's plans and specifications. Contractors can
also misinterpret a geotechnical engineering or geologic report. Reduce that risk by having GeoEngineers
participate in pre-bid and preconstruction conferences, and by providing construction observation.

Read These Provisions Closely

Some clients, design professionals and contractors may not recognize that the geoscience practices
(geotechnical engineering or geology) are far less exact than other engineering and natural science
disciplines. This lack of understanding can create unrealistic expectations that could lead to
disappointments, claims and disputes. GeoEngineers includes these explanatory “limitations” provisions in
our reports to help reduce such risks. Please confer with GeoEngineers if you are unclear how these “Report
Limitations and Guidelines for Use” apply to your project or site.
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