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EXECUTIVE SUMMARY
The Cascade Columbia Fisheries Enhancement Group (CCFEG), with funding from the Salmon
Recovery Funding Board (SRFB), is working with the US Fish and Wildlife Service (USFWS), the
Washington Department of Fish and Wildlife (WDFW), the Chelan-Douglas Land Trust (Land
Trust), and other local stakeholders to enhance native fish habitat on the lower portion of the
White River, upstream from its confluence with Lake Wenatchee in Chelan County,
Washington.
Habitat enhancement through the restoration of river and floodplain processes provides longterm benefits consistent with the management goals of the Land Trust and WDFW. In order to
effectively evaluate potential future restoration efforts, the stakeholders want to accomplish
these goals:
Accelerate the trajectory towards ecosystem restoration by understanding the large-scale
river, floodplain, and forest processes at work in the study area


Identify and evaluate the key limiting factors affecting these processes



Assess and characterize the potential restoration opportunities that would address
those limiting factors

Initial site visits to the study area prior to and during a spring freshet in 2013, in addition
to preliminary review of river flow data and floodplain elevations, indicated that the river
channel is very incised and there only are few locations where the typical annual floods
leaves the main channel. In other words, the floodplain is mostly disconnected from the main
channel.
There are several possible geological and human-derived explanations for incision of the
river and disconnection of the floodplain, all of which could contribute to some extent to the
current conditions. The geological causes and resulting incision likely predated European
settlement and effects of settlement likely exacerbated these effects and delayed recovery
from the incision. Although the geological processes are varied, they are all large-scale and
natural in nature, implying that long periods of floodplain disconnection may be a natural
feature of this system as it adapts to these changes.

Key Limiting Factors: Geologic Context
Lake levels have changed over the geologic history of the area but have been stable for over
100 years. A drop in lake level prior to European settlement could have triggered incision,
though the drop would have had to be have been quite sudden to produce the changes seen
in the study area. Tectonics could have also played a significant role in triggering incision,
in particular a slip of the Leavenworth Fault, which would have caused a sudden relative drop
in the lake outlet. Large pulses of sediment were delivered to the study area by landslides,
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volcanism, and erosion from fire and logging. These events could have created a surplus of
sediment that was deposited onto the floodplain, followed by long periods (including the
present) in which the sediment load is lower.
In addition to the pre-existing conditions that support incision of the channel, the following
factors continue to limit habitat conditions throughout the study area and strongly affect the
overall functions of the river and its floodplain.


Large Woody Material (LWM) in persistent logjams are very limited throughout the
study area as a result of removal of in-channel wood, especially large key pieces. The
loss of these logjams, and in general large wood, severely limits the ability of the river
to preferentially accumulate and distribute sediment and activate its floodplain. It
also limits fish habitat in the main channel.



Floodplain forest management has reduced overall forest cover, mature coniferous
forest, and especially western red cedar distribution. This condition limits bank
stability, long-term sources of LWM, and floodplain functions. In addition,
modifications to historical, old-growth, floodplain vegetation conditions may have
negatively altered sources of terrestrially derived nutrients such as leaf litter that
could serve as a food source for benthic macroinvertebrates.

Key Limiting Factors: Human Development Effects
The following elements are influencing river processes and habitat at a smaller scale:


Little Wenatchee River Road and Bridge (structures and operations): The bridge locks
in place the channel position, and the associated bank hardening creates erosion in
the channel at the bridge and along downstream banks. Maintenance operations
remove wood, reducing the supply of LWM to the lower subreach. High velocity
discharge through the culverts presents a fish hazard.



Configuration/ dimensions of ditch network: Although they provide limited fish access,
such access may only be to the ditch network and not to other more suitable habitats.
Also, the configuration, dimensions, simplicity, and geometry of the ditches creates
high velocity areas that are likely to be hazardous to fish during high flows.



Draining effects on wetlands ditch networks: The ditches reduce groundwater recharge
in the floodplain, which affects the hyporheic zone.



Unneeded culverts and fill at wetland outlet (RM 3.4): These structures are relicts
from past development and impair the connectivity of the river with floodplain
wetlands.

Restoration Opportunities
The analysis of the key limiting factors that are affecting channel connectivity, floodplain
processes, and fish habitat was used to guide the identification and prioritization of
restoration opportunities. The restoration opportunities with the greatest potential to address
the key limiting factors are:
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The already proposed wood atonement project would directly address the lack of
persistent logjams in the study area upstream of the bridge by installing wood piles
to help support longer duration jam formations. In addition to the locations proposed
for that project, there are other locations (e.g., RM 5.0) that warrant consideration.
Further, the expansion of this project to include areas downstream of the bridge
would extend these benefits throughout the study area. Development of these
structures would directly benefit habitat in the main channel for fish. These structures
also buffer the effects of the natural pulses of sediment and lake level changes by
processing and accumulating sediment and encouraging interactions with the
floodplain.



Increased forest cover and forest enhancements (see Appendix D) would directly
address the long-term loss of mature forests, western red cedar, and large riparian
trees. It would support in-channel logjam development over the long-term.



Ditch network improvements would capitalize on the existing off-channel habitats
provided by the ditch network, but ditches would need to be modified to enhance
their habitat functioning (suitability) as well as fish passage and access to other more
valuable habitats (i.e., floodplain wetlands).



Enhancing side-channel formation at RM 5.0 would take advantage of one of the only
locations of natural side-channel formation in the study area (Photo 52). Improving
connectivity of this area to a wider range of flows would enhance its function.



Revisions to the Little Wenatchee River Road and Bridge structures and operations
(wood removal) would rectify some of the effects these features have on the river and
floodplain.



Removing the wetland outlet culvert at RM 3.4 would re-establish a natural wetland
outlet and provide access to the wetland at a wider range of river flows.



Enhancing the outlet of the oxbow at RM 1.9 would provide improved access to this
wetland at a wider range of river flows.



Restoration of the bank conditions near the bridge would rectify a chronic erosion
problem area and enhance riparian vegetation conditions.

Implementation of these restoration project opportunities would directly address the
factors limiting fish habitat and river and floodplain processes in the Lower White River.
Once implemented, these restoration projects would improve mainstem and floodplain
habitats within the lower portion of the White River. This is likely to result in increased
salmon populations generating from this river system. Based on this analysis, three inchannel/side-channel projects were selected to develop into restoration designs (presented
in Appendix F), in addition to the sivicultural recommendations developed by Shellhaas
Forestry (Appendix D).
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1. INTRODUCTION
The Cascade Columbia Fisheries Enhancement Group (CCFEG), with funding from the Salmon
Recovery Funding Board (SRFB), is working with the US Fish and Wildlife Service (USFWS), the
Washington Department of Fish and Wildlife (WDFW), the Chelan-Douglas Land Trust (CDLT),
and other local stakeholders to enhance native fish habitat on the lower portion of the White
River upstream from its confluence with Lake Wenatchee in Chelan County, Washington. A
significant portion of the floodplain in this area has been acquired for habitat conservation
by WDFW and CDLT. Over the past twenty years WDFW and the CDLT have purchased over
1,000 acres of property along the Lower White River to protect and restore the ecological
integrity for fish and wildlife. Both entities have developed stewardship plans for their
respective properties which acknowledge past land uses, characterize existing habitat
conditions as well as provide general guidance for improving theses habitats. This assessment
is intended to forward the conservation goals set forth in the CDLT and WDFW Stewardship
Plans. The CDLT property constitutes the core of the study area for the analysis in this
report. The study area extends from the confluence of the White River with Lake Wenatchee,
upstream approximately 5.7 river miles to where the river is in close proximity to White River
Road.
Figure 1 shows the location study area and its geographic context. Figure 2 presents a more
detailed map of the study area based on aerial photography from 2011.
Habitat enhancement through the restoration of river and floodplain processes provides longterm benefits consistent with the management goals of the Land Trust and WDFW. In order to
effectively evaluate potential future restoration efforts, the stakeholders want to accomplish
these goals:


Accelerate the trajectory towards ecosystem restoration by understanding the largescale river, floodplain, and forest processes at work in the study area



Identify and evaluate the key limiting factors affecting these processes



Assess and characterize the potential restoration opportunities that would address
those limiting factors

This report describes the results of the reach assessment conducted by Herrera Environmental
Consultants, Inc. (Herrera). The assessment involved several components. An initial reach
analysis of the study area defined the focus of the assessment and is described in the first
section of this report. The geologic and human histories of the study area are presented
next, followed by a detailed assessment of current conditions, an evaluation of key limiting
factors, and a description of restoration opportunities. A glossary of terms used in this report
is included after the References section. Detailed descriptions of the analytical methods are
included in Appendix A. Photographs of the study area are presented in Appendix B. Large
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format maps of the study area and restoration opportunities are presented in Appendix C. A
forestry assessment of the study area is included in Appendix D.
River mileage used in this report was measured on 2011 aerial photographs and lidar imagery.
This river mileage coincides well with original US Geological Survey (USGS) mapping of the
area (1914) but is different (more accurate) than the river miles shown on current USGS
7.5 minute quadrangle maps.

1.1.

Contributors and Document Review

A small ad-hoc group with expertise in fish biology, history of the White River, wildlife
biology, forest ecology, and geomorphology provided peer review. The document was also
distributed to several White River landowners and the Upper Columbia Regional Technical
Team (RTT) for review. The authors would like to acknowledge the contributions made by
these people to the data and discussion presented in this report.


Paul Gray, longstanding local resident of the White River Valley



David Morgan, CDLT



Neal Hedges, CDLT



Robes Parrish, USFWS



Paul Bakke, USFWS



Russ Langshaw, Grant County PUD



Amanda Barg, WDFW



Ron Fox, WDFW



Paul Hessburg, USFS



Connie Mehmel, USFS



Anne Conway and Richard Shellhaas, Shellhass Forestry



Chuck Peven, Peven Consulting



Richard Bigley, WDNR



John Monahan, GeoEngineers



Jon Riedel, NPS
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2. INITIAL REACH ANALYSIS OF THE STUDY AREA
Initial site visits to the study area prior to and during the spring freshet in 2013, in addition
to preliminary review of river flow data and floodplain elevations, indicated that the river
channel is very incised within its floodplain and there are few locations where the typical
annual floods leaves the main channel. In other words, the floodplain is mostly disconnected
from the main channel. Figure 3 illustrates that, from near river mile (RM) 10 to a few
hundred feet upstream from the lake, the floodplain is elevated as compared to adjacent
reaches of the river’s water surface elevation, implying channel incision in these areas. The
channel incision has caused the floodplain to be largely abandoned, limiting side-channel and
off-channel habitat connectivity, maintenance, and development. In comparison to the river
further upstream (of RM 10), where the river is dynamic and alluvial processes are intact, the
average elevation of the floodplain surface in the study area is about 3 feet higher.
Channel incision and lack of floodplain connection would not typically be expected in the
lower portion of a river with a relatively intact watershed, particularly as it approaches its
delta. Good connections between the river and floodplain are indicators of a functioning
river in this setting, and are critically important in supporting fish habitat. As such,
understanding the sources of this pattern of disconnection and identifying opportunities to
improve floodplain connectivity became the focus of the reach assessment presented in this
report.

2.1.

Review of Overall Conditions and Limiting Factors Studies

Overall, the study area is relatively undeveloped, with few areas of bank hardening and no
constructed levees, which in many river systems are the most common human-derived sources
of floodplain disconnection. Throughout the floodplain, farm fields dominated by non-native
grasses, drainage ditches, large cedar stumps notched for logging springboards, and charred
dead trees indicate that human activity has considerably altered valley vegetation over the
past 100 years (CDLT – Draft White River Stewardship Plan 2011). Conditions of fish habitat on
the White River have been analyzed by several technical groups.
Limiting factors for fish habitat identified within the Wenatchee subbasin (Water Resource
Inventory Area 45) that are affecting the study area include: road building and placement,
conversion of riparian habitat to agriculture and residential development, water diversion,
reduced LWM (Andonaegui 2001). Although overall habitat function on the White River is
described as “very high”, it does identify concerns about transportation corridors and
private land use in the lower reaches. Conversion of the riparian forest has reduced bank
stability and LWM recruitment, affecting sediment processing and channel geometry. The
recommendations of this analysis are to: protect stream channel, floodplain and riparian
function, and to restore wetland complexes that connect to the river.
The primary ecological concerns with respect to salmon recovery in the White River identified
by the Upper Columbia Regional Technical Team (RTT) are (in order of priority): Channel
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Structure and Form (In-stream Structural Complexity); Peripheral and Transitional Habitat
(Side Channel and Wetland Connections); Riparian Conditions (Riparian Vegetation and
LWM Recruitment); and Food (Primary Productivity/Prey Species Composition and Diversity)
(Upper Columbia Regional Technical Team 2013). The analysis notes the important effects
of past riparian forest harvest and log drives on reducing wood accumulations and channel
morphology. The team recommends the restoration of natural geo-fluvial processes:
channel migration, floodplain interaction, and in-stream structure complexity. Specifically
the enhancement of LWM in the lower reaches, restoration of wetland complexes and
connectivity, focused riparian plantings, and improving primary productivity through
placement of salmon carcasses or carcass analogs.
The analysis in the Wenatchee Subbasin Plan describes three main limiting factors for fish
populations in the White River: riparian floodplain degradation, limited habitat diversity,
and competition from non-native species. Recommended restoration actions are to maintain
existing high water quality functions while enhancing in-channel habitat diversity and to
evaluate the benefits/cost of altering the bridge over the mainstem (Chelan County and
Yakama Nation 2004).
The Little Wenatchee River Road and Bridge are the most obvious human development
structures potentially affecting floodplain processes in the study area. The road crosses the
river and entire floodplain, and riprap associated with the bridge abutments at the river
crossing represent the bulk of bank hardening structures present. However, a preliminary
review of the scale of the pattern of disconnection in comparison to the potential effects of
the road and bridge (see full discussion in the Human History and Effects on the Study Area
section, below) indicated that these structures could not, by themselves, have created the
disconnection pattern and scale present in the study area.
As a result, the analysis required an evaluation of large-scale geologic processes and human
impacts to understand the river and floodplain processes at work in the study area. This is
important, because restoration projects are most effective when approached holistically (in
the context of the entire watershed) and when they are process-based (focused on restoring
physical and ecological processes). Process-based restoration principles are intended to
reestablish physical, chemical, and biological processes that create and sustain river and
floodplain ecosystems (Beechie et al. 2010). Hence, for restoration strategies in the Lower
White River to be successful at restoring physical and ecological processes, an understanding
of the conditions of such process is required. This includes both geologic history and current
conditions.
Geologic history and effects are discussed in the following section. The other attributes of
the system (smaller-scale geologic and geomorphic processes, effects of human activities
and development) were then evaluated within this context, resulting in a more complete
understanding of the study area, including the relative effects of the site’s history and the
potential restoration strategies that would be effective within this context.
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Figure 3.

Comparison of the River Channel (Water Surface Elevation) Profile and Average Floodplain Elevation in the Lower
White River, Chelan County, Washington.
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3. GEOLOGIC AND HUMAN HISTORY
The study area is composed of the lower reach of the White River and its delta at the
confluence of the White River with Lake Wenatchee. The geologic history of the area
has shaped the material and processes currently at work. The floodplain material and
configuration are the result of tectonic movements, glaciation, landslides, and volcanism.
The condition of the study area has also been influenced by human activity. Each of these
components of the study area’s history is discussed below. A map showing the geologic
context of the study area is presented in Figure 4.

The White River Valley, from the upper watershed, including Glacier Peak to the
confluence with Lake Wenatchee.

3.1.

Geologic History

Glaciers carved the basin containing Lake Wenatchee and the White River valley and
deposited the moraine that impounds the lake at its outlet. The White River’s lower
floodplain and delta are confined by the steep walls of adjacent mountains and were formed
over thousands of years from the interaction between the river, its sediment load, floodplain
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vegetation, and Lake Wenatchee (Figure 4). The sediments in the valley bottom are alluvial,
typically sand and silt, with rare patches of coarse material associated with debris flows
and sidewall talus. The valley walls are composed of continental metamorphic rocks. The
surrounding mountains are also composed of continental metamorphic rocks that have been
heavily deformed by tectonic uplift, with a few limited prisms of glacial sediment. In general,
this steep upland terrain generates narrow river valleys, often bedrock- and fault-controlled,
typically filled with large landslide deposits, nearly all of the way to the lake (Tabor et al.
1987). In the lower White River, the closest and largest of these landslides is on the south
valley wall near RM 10.
The geomorphology of the delta indicates that it has had a long, stable history, as evidenced
by natural beach ridges and riverbank levees. The delta is compound, with two distinct
phases of deposition present – an outer, younger delta east of a well-developed shoreline
to the west. There is a north-south oriented beach ridge (see inset map of Figure 4) that is
perpendicular to wind-wave attack from waves on Lake Wenatchee. Bank cuts of this ridge
observed during the site visit indicate these sediments are not alluvial in origin due to the
lack of internal bedding, further indicating that the ridge is wave-produced and long-lived.
The presence of the ridge implies that it was formed during a long period of stable lake
levels. The ridge has largely been stranded (elevated or raised), since its peak is well above
ordinary high water levels, indicating that the lake level has lowered since the long period
of stability in which the ridge formed (see discussion of lake level changes, below). Lakeward
of this ridge, the modern river channel is confined by prominent natural levees oriented
predominantly west to east. The latest phase of the delta development appears to be
confined by these levees, which extend well into the lake and well below the modern lake
level (as observed on the site visit) and are still developing in this location. The exposed
levees in the delta are larger than the natural levees upstream in the river system, implying
that they likely formed subaqueously (i.e., completely under water).

3.1.1. Recent Geologic History
Aerial photography documents a very stable river channel geometry over recent history
(period of record is 1935 to 2013). There has only been one major meander abandonment
(Figure 5), at RM 1.8, and indications of slow channel widening elsewhere (Figure 6). The
ongoing slow rate of channel widening is slow enough (approximately 0.3 foot per year in
the lower delta to 0.5 foot per year near the upper end of the study area) to have occurred
for many years since the time of initiation. These characteristics are highly unusual for a
deltaic environment (lower portion of the study reach), particularly one in which neither the
sediment supply nor the hydrograph has been significantly altered within recent history. Bank
deposits along the entire reach imply that side channels were much more common in the
recent geologic past (Photo 2). Nearly all of the bank exposures show indications of the filling
in of previously-occurring, smaller (30 to 50 feet in width) side channels that are typical of
active delta environments. To understand why this change occurred, the analysis focused on
the key geologic events and human effects that had the most prominent influence on the
study area. These factors were compared to studies in similar systems (e.g., the Stehekin
River, Riedel 2008) for context and analysis.

February 2014
12

Reach Assessment: Channel & Floodplain Hydrology, Geomorphology, Habitat, & Vegetation—Lower White River

(
(

(

(

(

((

( ((

Entiat fault
zone

(

(

(

(

((

(

(

(

(

(

((

(

(

(

(

(
((

((

(
((

(

Twin
Lakes

((

( (
((

( ( (

((

(

((

(
( (

(

(

(

((

((
(
(( ( ( (
(
(
((( ( ((

RM 10
Landslide

(

(

(

((

(

( ( (

(

(

((
(
(

(

(

(

(

(
((

Leavenworth
fault zone

(

Chiwawa
River

(

(

White
River

!

(

( (

(

(
((
(

(

(
(

((

((

(

(

V
U

(

((

(

(

((

(

(

Wenatchee
River

(

((

(

Nason
Creek

(

207

(
(

(
( (

Submerged
terraces

Approximate
extent of
glaciation

(

((

(
(

((

(
(

(

((

(

(

(

(

(

((
(( (
0

6,000

12,000

24,000

Feet

Citation: USDA, Aerial (2011)
K:\Projects\Y2012\12-05519-000\Project\Geology_Map.mxd (1/30/2014)

(
(

(

(

Detail insert
Waterbody and large wetland

(

(
(

((

( ((

Landslide

(

( Fault line

Study area

((
(

( (((

(

((

Figure 4.
Geologic Context of the Lower White River
Study Area, Chelan County, Washington.

Glaciation extent
River

(

(
(

(

(

(

(
(

Modern
delta

Legend
(

((

((

White
River

Beach
ridge

(

Lake
Wenatchee

(

Glacial
moraine

((

2

(

V
U

Wenatchee
River

(

Detail

(

outlet

(

( ( ((

Glacial
moraine Lake

((

Lake
Wenatchee

(

Fish
Lake

(

Little
Wenatchee
River

((

(

!

(

shoreline

( ( ((

( ((

Glacier Peak
10 miles

Figure 5.

Detail Map of an Oxbow Cutoff at RM 1.8 Showing Riverbank Locations in 1938 compared to 2011 Aerial
Photograph.
July 2014

14

Reach Assessment: Channel & Floodplain Hydrology, Geomorphology, Habitat, & Vegetation—Lower White River

Figure 6.

Detail Map of Channel Widening Upstream of the Little Wenatchee Road Between 1938 and 2011.
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Bank deposits showing the curved profile of layering, indicating a former side channel
that was filled with sediment.

3.2.

Geologic Events and Effects on the Study Area

There are several geologic events known to have occurred in the study area, all of which may
have contributed to channel incision and floodplain abandonment:


Relative lake level lowering



Large landslides



Volcanic deposition

The processes associated with each and their effects on the study area are described in
separate subsections below, followed by a description of the human history of the area.

3.2.1. Relative Lake Level Lowering
Lowered lake levels can profoundly increase channel incision and affect the connection of a
main channel to the floodplain (Kincare 2007). Despite the lack of change in lake levels since
records were kept (MWH 2003), the two-stage history of the delta (see discussion above),
particularly the relatively high elevation of a stranded beach ridge, implies that the relative
July 2014
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level of the lake fell at some point in the past, prior to European settlement. The modern
delta is quite old and likely predates large-scale development of the area in the late
nineteenth and early twentieth century. However, this feature may have experienced a range
of water levels since formation, including lake level alterations in post-settlement times.
The exposure of pronounced (large) natural levees at the mouth of the White River is
indicative that these features were formed initially underwater and then exposed as relative
lake level dropped. Natural levees formed underwater are typically substantially larger than
those formed on land owing to the effective reduction in gravitational driving force (Parsons
et al. 2002).
The amount of lake-level lowering required for floodplain abandonment (at least 3 feet) is
modest and could easily be caused by a host of factors described in the following sections.
There are numerous potential causes of relative lake level variation over recent geologic
time (the last several thousand years). Elsewhere in the world, where lake levels have been
recorded, modeled, and reconstructed much more extensively than at Lake Wenatchee,
mechanisms for lake level change have been cataloged and provide insight into potential
causes. Potential causes include: hydrologic change, outlet changes, and tectonic movement.

3.2.1.1.

Hydrologic Change

There have been and will be changes to the total input of water into the lake on a long-term
basis due to climatic change (Elsner et al. 2010). The climatic history of central Washington,
particularly as it relates to the production of runoff to east-slope rivers in the late Holocene
period (last 10,000 years), is largely unknown. In the Great Lakes, lake levels have varied by
tens of feet over this same period (Argyilan et al. 2010), which is more than sufficient to
produce the changes seen on the White River. However, the two-stage geomorphology of Lake
Wenatchee implies that, if the lake level was modified primarily by climatic changes, those
changes would have been dramatic and nearly instantaneous.

3.2.1.2.

Changes to the Outlet

Over the long-term (thousands of years), the outlet of the lake has been incising through the
glacial moraine that confines the lower end of the lake (Figure 4). Incision was likely rapid at
first (approximately 10,000 years ago), but has slowed to become negligible over a historic
(100-year) time scale. Lake level records (MWH 2003) indicate that there is no significant
trend in lake surface elevation changes within the historical time frame.
There has been significant modification of the lake outlet since the earliest European
settlement of the area. As a result, the predevelopment geometry and geomorphology of the
lake outlet is largely unknown. From observations of more intact lakes in the area, it appears
likely that the outlet was influenced by extremely large log jams in the past, which would
have increased lake levels above those at present, when no wood is allowed to accumulate
(Herrera 2009). The destruction of past prehistoric logjams further east of the modern outlet,
whether by natural (e.g., fire, floods) or anthropogenic (e.g., burning, wood removal) forces,
could have initiated a significant, dramatic, one-time drop in lake level. A large, broad,
abandoned terrace extending nearly to the Chiwawa River confluence implies a former lake
high water surface. Radioisotopic dating of this terrace (or others in the vicinity of the
modern lake outlet) and the modern delta could conclusively determine this root cause.
February 2014
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3.2.1.3.

Tectonic Movement

Central Washington is an extremely tectonically active place. There are numerous faults in
and around the study area (see Figure 4) that could produce the type of offset (on the order
of 10 feet) needed to initiate floodplain abandonment. Most interestingly, the Leavenworth
Fault bisects Lake Wenatchee. It is associated with the Chiwaukum Graben to the east,
resulting in uplift of the west end of the lake (Tabor et al. 1987). A slip along this fault could
have easily triggered the abandonment of the floodplain and several of the large landslides
that border the fault (Figure 4). Unfortunately, the history of slip on the Leavenworth Fault
is completely unknown. The number of large adjacent landslides known to have occurred
since deglaciation is anomalous, and is indirect evidence of a slip within the last few thousand
years. Radioisotopic dating of the latest fault slip, adjacent landslides (such as the one that
formed Hidden Lake and the one near RM 10) and the abandonment beach ridge could
conclusively determine this root cause.

3.2.2. Large Landslides Upstream
A number of landslides have been recorded upstream of the project study area, including
a large, relatively recent (last 10,000 years) slide off of the valley walls to the south, at
approximately RM 10. The large landslide occurred since the end of glaciation (within the last
approximately 10,000 years: Washington State Department of Natural Resources 2013) and
likely delivered a large volume of sediment to the study area (Lidar imagery reveals that the
river has removed much of the landslide toe). The landslide itself is comprised primarily of
talc-rich gneisses that are mineralogically distinct from other sediments (mostly volcanic) and
the bedrock of the basin.
An estimate of the volume of slide (approximately 40 million cubic yards) and the volume
of excess sediment in the floodplain (i.e., the elevation of the floodplain multiplied by
the floodplain area), indicates that the landslide is a viable mechanism for a large pulse of
sediment to the delta. The location of the landslide (being located near the point where
incision is first observed in the profile) is also circumstantial evidence for this being a
potential cause, or at the very least a possible contributor of floodplain abandonment.
The mineralogy (no white talc deposits observed) and the thin layers of the bank deposits
observed during field assessments would suggest that one large, single deposition event
from a landslide is unlikely to be the primary cause of floodplain abandonment. It did likely
contribute many years of excessive material to the sediment budget of the river system,
which may have been a factor in the current condition.

3.2.3. Fire History and Sedimentation
Prior to European settlement, the study area and watershed of the White River would burn
with regular frequency (USFS 1990, WDFW 2006). Small to large fires resulted in the exposure
of bare soils, which created regular pulses of sediment to the river system. Although many of
these fires are expected to have been small understory fires typical of forested areas with
an unmodified (no suppression) fire regime, fire scar records indicate that occasional large,
stand-replacing forest fires did occur and would have discharged large pulses of sediment to
the river. Fire suppression activities have reduced the regular cadence of these events and
the resulting sediment discharges.
July 2014
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3.2.4. Glacier Peak Lahars and Other Volcanic Deposition
Glacier Peak has had at least six major eruptions within the last 10,000 years (USGS 2013).
Volcanic ash deposits are widespread in the vicinity of the study area, and lahar deposits are
possible. Although there is a ridge that separates the peak from the upper White River basin
(see Figure 1), it is possible that lahars from one of these events could have made its way into
the basin. Extensive airborne volcanic ash has been deposited onto the watershed and study
area. It is the primary formative element of the soils that occur in this area (NRCS 2013).
Volcanic sediments (sand and silt) are also common in the study area. It is possible that
episodic sediment delivery and deposition within floodplain areas from these sediments,
followed by episodes of relative sediment starvation, could have contributed to the overall
incision of the main channel and abandonment of the floodplain. Although the bank sediments
are primarily volcanic in origin, there were no evident, single-event deposits thicker than a
few inches. The bedding of the bank deposits is regular and consistent in thickness, indicative
of slow, steady deposition over time. This implies that a single lahar, or even a set of lahars,
is unlikely to have produced floodplain abandonment alone. However, these events, and/or
large ash fall events in the watershed, could have increased the sediment load to the study
area and could have contributed to the channel isolation.

3.3.

Summary of Geologic History and Effects on the Study Area

There is evidence that there have been lake level changes over the history of the floodplain
periodic and large inputs of sediment to the system. These events and the response of the
system define the geomorphic context in which the study area is functioning. It is apparent
that over the history of the floodplain development, these events have resulted in periods of
incision and channel-widening, as the river adapts to revised floodplain and/or lake level
elevations. It appears that the study area is currently within one of these adaptive periods.
However, the human modifications of the study area over the last 150 years (period of
European settlement) have had widespread effects on the river and floodplain. These
modifications and their effects within this geomorphic context are discussed in the next
section.

3.4.

Human History and Effects on the Study Area

The analysis of large-scale geologic processes suggest that the factors influencing floodplain
disconnection likely predated European settlement, though the proximate cause could not be
definitively identified. However, human development has acted to exacerbate this situation.
The human history within the study area had three components that had the greatest
influence on the interaction of the White River with its floodplain:


Wood removal



Little Wenatchee Road and Bridge construction



Logging and Pasture Development

The effects of each of these three components is discussed in the sections below.
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Early human development conditions are described well by the General Land Office (GLO)
maps and notes indicating extensive slash, pasture development, and intact forest on
adjacent hillsides(GLO 1907) and early USGS water surveys (USGS 1914). These maps are
shown in Figure 7 and Figure 8. These sources are nearly synchronous from anecdotal
accounts of first settlement of the valley (Paul Gray, personal communication).

3.4.1. Wood Removal
Logs and logjams have been intentionally removed from the river channel from the early
1900s through the present. The channel was cleared circa 1900 to support log drives to the
lake. Accumulations of wood have been removed in a variety of organized and individual
actions ever since. In addition, wood that accumulates upstream of the Little Wenatchee
Road Bridge is removed and taken offsite.

Recent and transient accumulation of downed wood near RM 4.8.
Isolated pieces of relict in-stream large wood (submerged in the bed of the channel) are
evident throughout the study area (Photo 3). There are signs of new wood recruitment
(Photo 4), but the woody material currently accumulating in the channel is generally too
small in terms of individual piece size and overall volume to establish persistent jams and
reengage the floodplain in a meaningful way. Further, the legacy of timber removal in the
July 2014
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Figure 7.

1907 General Land Office Map of the Lower White River Study Area.
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Figure 8.

1914 US Geological Survey Water Survey Map of the Lower White River Study Area.
July 2014
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floodplain, including large clearcuts within the last 30 years severely limit the large logs
available for recruitment into the channel, as the existing riparian forests are primarily
composed of young trees. Current, active removal of wood from the Little Wenatchee Road
Bridge results in few pieces large wood, especially large logs with rootwads, available to
accumulate downstream of the bridge. The conditions evident in this downstream reach
verified a very low presence of accumulated downed wood.
Channel incision from wood removal is a common attribute of many Pacific Northwest rivers
(Collins et al. 2002). Retention or addition of wood increases floodplain engagement and
improves habitat quality and the recovery of the entire system. Regardless of other root
causes of channel incision, the past and ongoing removal of wood likely contributes to
ongoing confinement of the main channel. It also severely limits the amount and quality of
in-channel fish habitat.

3.4.2. Little Wenatchee River Road and Bridge
The 1907 GLO map (Figure 7) shows a trail crossing the floodplain near the current location
of the Little Wenatchee River Road. The river crossing at this time was a ferry. The 1914
USGS survey map (Figure 8) shows a road crossing the floodplain with the river crossing
(unspecified type) downstream of the current bridge location. The road and bridge were built
in approximately their current locations around 1920. At that time, the road fill prism and
river crossing had a lower elevation than the current configuration, with the road nearly at
grade with the surrounding land. The bridge had less freeboard than the existing structure
and was built on wooden piles, many of which are still present in the channel, upstream of
the current bridge (Photo 5). The current road fill prism and bridge were constructed in
the 1940s. After floods in 1996 overtopped the road and eroded portions of the fill prism,
additional large culverts were added to facilitate the passage of floodwaters. The current
bridge is built on a single concrete pier, with concrete and riprap abutments and a rock groin,
some of which appear to have been added episodically over the lifetime of the bridge.
The fill prism, bridge, and associated bank hardening for the Little Wenatchee River Road has
likely contributed to the channel being locked in its current alignment near the bridge crossing
and might have contributed to the only oxbow cutoff downstream of the bridge. However, it
is not likely the primary driver for the incision of the river and floodplain abandonment, due
to the extent and magnitude of channel incision observed. The modest confinement at the
bridge alone cannot explain incision that extends 10 miles upstream and is at least several feet
in vertical extent and affecting the channel for miles upstream of the bridge.
Wood management operations at the bridge also contribute to the ongoing incision of the
channel. As discussed in the section above, the past and ongoing removal of wood from the
channel contribute to the channel incision and floodplain abandonment. Wood removal at the
bridge primarily affects channel conditions between the bridge and the lake.

3.4.3. Logging and Pasture Development
Most of the timber in the study area and well upstream was logged by 1910, with extensive
stands of old growth western red cedar (Thuja plicata) and other species removed and
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processed at lumber mills at the lake outlet (USFS 1990, Paul Gray, personal communication).
Large fires in 1915 escaped from uncontrolled slash burning removed most of the remaining
timber in the floodplain. Following timber removal, many areas were converted to pasture,
and some of these areas remain in use as such. Other areas reverted to forest. Many of the
regrown forested areas were logged again between 1938 and 1985 (see Figure 9 and Photos 6,
7, and 8). Extensive areas of wetlands were ditched to support use of pastures and areas
for development. The ditch network was designed to drain wetland areas and, as such,
systematically lowers the groundwater table in the areas drained by ditches, through active
conveyance and reducing groundwater recharge processes. Effects on groundwater are most
acute in the areas drained, but may also effect adjacent areas, as the groundwater table is
altered compared to original conditions. The water discharged from the ditches is rich in
tannins, suggesting organic soils are prominent in the drained areas. Draining of organic soils
results in there subsidence through decomposition. These soils are formed under saturated
soils/anaerobic conditions, which allows the organic material to accumulate. Once the
hydrologic regime is altered (through draining), the soils are exposed to oxygen in the air, and
the decomposition to carbon dioxide results in a direct loss of the organic material to the
atmosphere. This results in a subsidence of the soil surface, potentially exacerbating flooding
conditions.
The removal of the old-growth forest from the floodplain dramatically changed the capacity
of the system to process the floodwater and sediment loads from upstream. Effects are
most acute near the river channel, where the removal of large trees resulted in accelerated
bank erosion and a lack of large wood to recruit into the channel during erosional flow
events. Wood within the channel has a large and significant effect on the processing and
sequestration of upstream sediment sources. Accretion of sediment associated with log
jams builds the river bed surface, supporting a closer interaction between the river and the
floodplain (by bringing those surfaces closer in elevation).
Prior to forest harvest, floods that overtopped the banks of the river would interface with
extensive obstructions (standing and downed trees) that would result in side-channel
formation and irregular sediment deposition. Once the forest was removed, floodwaters
would pass through the floodplain comparatively unobstructed, resulting in little, if any,
channel formation and more uniform sediment deposition. These processes could easily
explain the current condition, in which the floodplain is elevated relative to the river channel
and there is extensive evidence of former side-channel filling and no current side-channel
formation. Ongoing timber harvest since the original clearing has been reinforcing these
effects.
Logging in the watershed upstream also affected the study area by removing sources of large
woody material (LWM), delivering increased levels of sediment to the river following harvest
and through the road network used to support timber harvest. The road network throughout
the White River basin increased sediment delivery to the system and concentrates flows at
bridges and culverts, altering stream and river geometry and erosion patterns (USFS 1990).
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1938

1966

1985

2011

Figure 9. Aerial Photograph Comparison of the Lower White River Study Area,
Chelan County, Washington: 1938, 1966, 1985, and 2011.
Legend
Study area
K:\Projects\Y2012\12-05519-000\Project\Aerials.mxd (7/15/2014)

A

B
Early 20th century logging near Lake Wenatchee.
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Pasture development has resulted in three main effects: changes in floodplain functions,
altered (drained) wetland hydrology, and widespread invasive species (primarily reed
canarygrass [Phalaris arundinacea]). When a forested area is converted to pasture, it
functions very differently during floods, similar to the manner described above on effects
of timber harvest, but the effects have a longer duration, as forest re-establishment is
precluded. There is little standing material to resist or reduce flows, or structure to create
complexity. The use of ditching to drain wetland areas for pastures altered the natural
floodplain hydrology and connectivity of groundwater-fed tributaries and wetlands with the
river. Invasive plant species have long-term suppressive effects on the establishment of native
species, most acutely trees. By suppressing long-term forest establishment, invasive species
affect the overall trajectory of the floodplain forest.

3.5.

Summary of Human History Effects

The most influential aspects of the human history in the study area are the extensive removal
of the original logjams from the channel and the repeated harvest of the floodplain forest.
Although there may be a geologic context (see section above) that sets the stage for the
observed channel incision, the removal of log jams has been shown to support incision in
many river systems. The harvest of the riparian forest has two main effects: long-term lack
of large wood to recruit to the channel (maintaining the effects of log jam removal over
the long term) and reduced ability of the riparian and floodplain areas to form channels,
process sediment, and slow floodwaters. These actions also dramatically reduced the inchannel fish habitat and altered the habitats on the floodplain for a wide range of wildlife
species. The development of the ditch network modified the hydrologic conditions of portions
of the floodplain (including areas outside the ditched fields) and thereby altered growth
conditions for native vegetation and the wildlife that was supported by those habitats. Large
areas of wetlands were drained and replanted with pasture grasses (including invasive reed
canarygrass), further altering the habitat conditions and successional trajectory.
The construction of the Little White River Road and Bridge are affecting channel conditions in
the immediate vicinity of these structures (approximately 1,000 feet up- and downstream for
bridge), but those effects do not extend into most of the study area. Active wood removal
from the bridge contributes to the lack of large pieces of wood downstream of the bridge, but
this effect is less prominent at a study area scale than the original logjam removal and forest
harvest. The road and bridge do, however, act as a dam during large floods. Although these
effects do not extend great distances up or down-stream, they do have large effects on
localized conditions, including creating high velocity flow paths through the culverts and
bridge, which are hazardous to fish.
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4. CURRENT CONDITIONS
The study area is influenced strongly by the continental climatic conditions of eastern
Washington, but it is near enough to the Cascade crest to receive more precipitation than
locations farther east. Precipitation increases moving towards the top of the White River
watershed. The study area (lower watershed) receives about 30 inches of precipitation,
while the upper watershed receives over three times as much (PRISM 2013). Much of the
precipitation in the study area is deposited as snow during autumn through spring.
Cold, moist air pools in the valley throughout the year, resulting in conditions very distinct
from the dry, warm climate of the hill slopes above the valley. As a result, the valley supports
a vegetation community that is a diverse mixture of species from both wet and dry climates.
Due to this diversity and connections to large tracks of forested areas, river corridors, and
Lake Wenatchee, the area supports a rich wildlife population.
Although historically altered through logging and conversion to pasture, the floodplain within
the study area remains largely free of structures, with few roads and only small areas of
localized bank armoring. Many areas are forested. These conditions make this area free of
many of the severe constraints that face other river systems.
This investigation included data analysis and field observations that occurred between April
and September 2013. The assessment included a critical review of the data already developed
for the study area and vicinity, a hydrologic assessment of river flows and floodplain surfaces,
the results of geomorphic and biological field assessments in 2013, and a floodplain forest
assessment with silvicultural recommendations (Appendix D).
The following sections describe: the hydrology of the White River; characteristics of the main
river channel (geomorphology, LWM, and fish habitat); the interaction of the channel with the
Little Wenatchee Road and Bridge; a discussion of floodplain habitats and their connections to
the main channel; and a description of vegetation and wildlife habitats.

4.1.

White River Hydrology

The hydrology of the White River in the study area is snowmelt-dominated, with peak flows
typically in May through July, and with large rain-on-snow events in the late fall and early
winter (USGS and DOE 2013). The largest events are rain-on-snow events in the autumn and
winter, but in most years the peak freshet flow is the largest flow. Climate change may have
pronounced effect on the basin’s hydrology as compared to other river systems because of
the sensitivity of its transition from snowmelt-dominated to a rain-on-snow-dominated basin
(Elsner et al. 2010), which may be underway based on a pattern of earlier spring floods,
larger fall rain on snow events, and lower baseflows. This transition and effects have been
described in the nearby and similar (in terms of watershed relative to Cascade crest) Stehekin
River system (Riedel 2008). Peak flows in both systems may be influenced by the development
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Lower White River Flooding and Little Wenatchee Road, November 7, 2006.

Lower White River Flooding and Windmill Lane, November 7, 2006.
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of temporary debris dams and subsequent failure of these dams during high flows that cause
very large, but short-term increases in flood volumes.
Large floods shape the landscape in the study area. A series of flood stages have been
calculated from previous work in the area and are described below. These stages are used to
estimate the flow required to interact with features within the channel and in the floodplain.
This information provides the frequency, depth, and duration of the interactions, which are
critical in understanding their function and habitats provided.

4.1.1. Flood and Average Flow Calculations
In 2013, the Douglas County Public Utility District (PUD) initiated a study and development
of a HEC-RAS hydraulic model of the area adjacent to the Little Wenatchee Road Bridge as
part of an effort to understand the potential impacts of a proposed hatchery installation
(GeoEngineers 2012a). As part of this study, GeoEngineers (2012a) developed and documented
estimates of peak recurrence interval hydrology based on available flow records from USGS
stream gage #12454000, with period of record from 1954 through 1983, and Washington
Department of Ecology(DOE) stream gage 45K090, with period of record from 2003 to the
present. Table 1 summarizes flood return intervals and flow rates.
Table 1.

Summary of Flood Return Intervals and Flow Rates for the White River.

Flood Return interval or Flow Category

Flow Rate, Q
(cfs) a

1-Year Recurrence Interval Flow (Q1)

3,820

2-Year Recurrence Interval Flow (Q2)

4,650

5-Year Recurrence Interval Flow (Q5)

6,200

10-Year Recurrence Interval Flow (Q10)

7,730

25-Year Recurrence Interval Flow (Q25)

10,380

50-Year Recurrence Interval Flow (Q50)

12,980

100-Year Recurrence Interval Flow (Q100)

16,260

cfs = cubic feet per second
a GeoEngineers (2012a)

Further, Herrera confirmed or developed estimates for Monthly mean and peak flows based
on available flow records from USGS stream gage #12454000, with period of record from 1954
through 1983, and Washington Department of Ecology(DOE) stream gage 45K090, with period
of record from 2003 to the present. Using several methods and combinations of available
data, Herrera confirmed the validity and applicability of mean of mean daily discharge data
originally developed by GeoEngineers (2012b). Herrera also determined maximum monthly
flows for the period of record based on mean daily data as well as instantaneous (15 minute)
data where available. Monthly flow data is summarized in Table 2.

4.2.

Main-channel Conditions

The following subsections provide existing condition information as it pertains to the main
channel. They describe the geomorphic conditions, LWM, and fish habitat.
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Table 2.

Summary of Monthly Hydrology for the White River.

Month

Mean of Mean
Daily Discharge
(cfs) a

Max of Mean
Daily Discharge
(cfs) b

Year of Max of
Mean Daily
Discharge b

Max of Instantaneous
Discharge
(cfs) c

Year of Max of
Instantaneous
Discharge c

January

366

5,750

2005

8,010

2005

c

2003 c

February

348

2,330

1971

990

March

367

4,250

2007

5,470

2007
2012 c

April

732

3,950

1959

May

1,908

6,710

2008

7,060

2008

June

2,485

6,290

2007

6,710

2007

July

1,619

4,620

2012

5,340

2012

August

647

2,860

1974

2,090 c

2011 c

September

343

1,460

2013

3,700

2013

October

345

4,370

2003

5,860

2003

November

441

8,870

2006

10,700

2006

1980

c

December

482

11,900

3,250

c

5,560

2004 c

cfs = cubic feet per second
a GeoEngineers (2012b) – validated by Herrera
b USGS Gage #1245400, 1954-1983, and DOE Gage #45K090, 2003-present
c 15-minute interval instantaneous discharge data available for DOE Gage #45K090, 2003-present, only

4.2.1. Geomorphic Conditions
Channel conditions were observed and documented through a combination of field
observations and office analyses of existing data including aerial images, lidar data, other
remote sensing and GIS data, and an evaluation of an existing HEC-RAS model of a portion of
the project reach (GeoEngineers 2012b).
Herrera geomorphologists identified three geomorphic subreaches based on observed bed
and bank conditions (Figure 2). While geomorphic conditions do not vary widely between
subreaches, independent review of the river’s longitudinal profile showed that the delineated
subreach breaks occurred at or near changes in channel gradient, and that dividing the
project reach into subreaches, at least for descriptive purposes, is warranted. The only
significant discrete grade break in the project reach occurs at RM 1.7, where a channel
spanning log and boulder weir (Photo 9) was installed historically and is currently being
used as an installation point for pit tag antenna arrays for fish monitoring. While clearly
manmade, the exact installation date and objective remains poorly understood. The weir is
the delineated break between subreaches 1 and 2. The break between subreaches 2 and 3 is
not discreet, but is located very near RM 3.5.The following metrics were used to describe
geomorphic conditions in each subreach. Each of these metrics is described in greater detail
in Appendix A, Analysis Methods.


Reach type (Montgomery and Buffington 1998)



Channel type (Montgomery and Buffington 1998; Rosgen 1996)
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Active channel process stage – channel evolution stage (Simon 1995)



Channel gradient



Subreach length



Valley length



Channel dimensions – bankfull width, depth, floodplain width, and flood prone width
(Rosgen 1996)



Sinuosity



Substrate material



Bank material



Active bank erosion locations



Percent eroded banks (US Environmental Protection Agency 2001)



Bank stability (Henshaw and Booth 2000)

Log and boulder weir at RM 1.7.
Subreach geomorphic data is summarized in Table 3. Subreach conditions are discussed
below.
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Table 3.

Summary of Lower White River Subreach Geomorphic Characterization.

Subreach ID

2

3

Response

Response

Response

(glide/run) pool/riffle with
sections of plane bed
characteristics

(glide/run) pool/riffle with
some dune/ripple
characteristics

(glide/run) pool/riffle

Stable or potentially
Widening slowly

Widening

Widening, and potentially
still Incising

Type

E

E

E

Substrate

5

5

5

0.00008

0.0001

0.0005

Reach Length (feet)

8,990

9,220

11,910

Reach Length (miles)

1.70

1.75

2.26

Valley Length (feet)

5,620

4,580

4,760

Field Estimate or GIS

HEC-RAS Model
(GeoEngineers 2012b)

Field Estimate or GIS

Bankfull Width (ft)

140

137

135

Bankfull Depth (ft)

Estimated 10.5-12

12.8

Estimated 11.5 - 13

Approx. Floodplain Width (ft)

4,000

3,500

2,500

Approx. Flood Prone Width (ft)

4,000

3,500

2,500

1.60

2.01

2.50

Primary

Sand

Sand

Sand

Secondary

Fines

Gravel

Gravel

Subreach Type
Montgomery & Buffington
Channel Type
Active Channel Process Stage

1
Channel Morphology

Rosgen Channel Type:

Channel Gradient

Channel Dimensions:
Source

Sinuosity
Substrate Material:

Bank Description
Bank Material:
Primary

Sand

Sand

Sand

Secondary

Fines

Fines

Sand

Active Bank Erosion

Percent Eroded Banks
Bank Stability

Both banks - Some outside Both banks - All outside
bends and on both banks bends and on both banks
in few of the straightaways
in some of the
straightaways

Both banks - All outside
bends and on both banks
in many of the
straightaways

5-30%

30-60%

60-100%

Slightly Unstable to Stable

Slightly Unstable

Moderately-Slightly
Unstable
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The subreaches are all Response reaches (lower gradient, alluvial, transport-limited reaches)
where morphological adjustments are expected to occur in response to altered hydrology or
sediment supply. All subreaches exhibit a mix of glide/run and plane bed morphologies, which
are geomorphically consistent with the pool/riffle geomorphology describe by Montgomery
and Buffington (1998). Occasional small dunes and ripples were also observed in the sanddominated bed. Overall the study area acts as a transport reach, passing sediment (mostly
sand and finer) through to Lake Wenatchee, with small, temporary bar deposits forming as
water levels recede in the summer, to be reworked the following winter. Based on estimates
and measurements of channel geometry and substrate, the subreaches were classified as
a Rosgen E5 channel type (Rosgen 1996). The subreaches are incised, and the historical
floodplain is disconnected hydraulically from the river in many areas.

4.2.1.1.

Subreach 1

Subreach 1 extends from the confluence with Lake Wenatchee upstream to RM 1.7, the
location of the channel-spanning log and rock weir. The slope of subreach 1 was estimated to
be 0.008 percent based on available lidar data, and low flow hydraulics in the reach appear to
be dominated by backwater from Lake Wenatchee (Photo 10). Sinuosity was calculated to
be 1.6, significantly lower than the other subreaches.

Subreach 1 typical conditions: Low velocity water and vegetation conditions near
the river outlet.
Modest bank erosion was observed on 5 to 30 percent of banks, concentrated on some outside
meander bends and occasionally on both banks in straight sections.
Based on estimates of channel width from georeferenced aerial images take in 1938 and 2011,
the subreach has experienced widening from an average of 106 feet in 1938 to 141 feet in
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2011. Observations of bank erosion in the subreach suggest that the widening process has
ended (reached equilibrium) or slowed to a very low rate at this point in comparison to
subreaches 2 and 3.

4.2.1.2.

Subreach 2

Subreach 2 extends from RM 1.7 upstream to RM 3.5. Subreach 2 exhibits a mix of glide/run
and dune/ripple bed morphologies (Montgomery and Buffington 1998) in the sand-dominated
bed. The subreach includes the Little Wenatchee Road Bridge crossing (Photo 11).

Typical conditions in Subreach 2.
The slope of the subreach was estimated to be 0.01 percent based on available lidar data,
and grade is fixed at the downstream end of the reach by the existing log and lock weir.
Sinuosity was calculated to be 2.01, transitioning between the higher sinuosity subreach
upstream and lower sinuosity subreach downstream.
Bank erosion was observed on 30 to 60 percent of banks, concentrated on all the outside
meander bends and on both banks in some straight sections (Photo 12).
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Debris flow deposits in Subreach 2.
Based on estimates of channel width from georeferenced aerial images take in 1938 and
2011, the reach has experienced widening from an average of 100 feet in 1938 to 121 feet in
2011. Observations of bank erosion in the subreach suggest that the widening process is still
ongoing, though perhaps at a slower rate than in subreach 3.
Subreach 2 is incised, and the historical floodplain is disconnected hydraulically from the river
to some degree. Field observations suggest that current channel process (evolutionary phase)
of the subreach is geomorphically widening.

4.2.1.3.

Subreach 3

Subreach 3 extends from RM 3.5 upstream to the limits of the study area (RM 5.7). The slope
of subreach 3 was estimated to be 0.05 percent based on available lidar data, significantly
steeper than downstream, though still very mildly sloped. Sinuosity was calculated to be 2.5,
the highest in the project area.
Bank erosion was observed on 60 to 100 percent of bank, concentrated on all the outside
meander bends and on both banks in many of the straight sections. The outer bend at RM 4.1
exposed a small area of debris flow deposits, which abut adjacent talus slopes (Photos 13
and 14).
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Side channel at RM 5.0, right bank. Dominated by reed canarygrass.

Subreach 3 typical conditions: Erosion on both banks, slight riffles, and LWM.
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Based on estimates of channel width from georeferenced aerial images take in 1938 and 2011,
the subreach has experienced widening from an average of 110 feet in 1938 to 135 feet in
2011. Observations of bank erosion in the subreach suggest that the widening process is still
ongoing in this subreach. At RM 5.0 is the only side-channel observed in the study area
(Photo 52). Although dominated by reed canarygrass, high flow channels are evident.
Subreach 3 is incised, and the historical floodplain is disconnected hydraulically from the river
to some degree. Field observations suggest that current channel process (evolutionary phase)
of the subreach is geomorphically widening, and potentially still incising slowly (Photos 15
and 16).

4.2.1.4.

Subreach 3

Subreach 3 extends from RM 3.5 upstream to the limits of the study area (RM 5.7). The slope
of subreach 3 was estimated to be 0.05 percent based on available lidar data, significantly
steeper than downstream, though still very mildly sloped. Sinuosity was calculated to be 2.5,
the highest in the project area.
Bank erosion was observed on 60 to 100 percent of bank, concentrated on all the outside
meander bends and on both banks in many of the straight sections. The outer bend at RM 4.1
exposed a small area of debris flow deposits, which abut adjacent talus slopes (Photos 13
and 14).

4.2.2. Large Woody Material
Large woody material has been shown to be a critical component driving both river process
and forming critical habitat for salmonids in rivers across the Pacific Northwest (Collins et al.
2012). Virtually all modern riverine systems lack the historical quantity and size of LWM
that existed prior to European settlement (Collins et al. 2002). The Lower White River is no
different, having been “cleaned” of LWM in the past to support log transport for the timber
industry.
Significant effort has been spent by others (Parrish and Jenkins 2012; CCFEG 2011) to
determine the current status and significance of LWM in the Lower White River as part of a
proposed “Wood Atonement” project aimed at increasing retention time of naturally
occurring LWM in the system by installing vertical piles at key locations to act as a surrogate
for larger, key members that are no longer present in the river in significant quantities.
Observations of LWM in the channel confirmed the conclusions made by others:


Significant quantities of naturally occurring LWM are recruited to the Lower White
River on an annual basis.



Significant amounts of LWM exist in the river bed.



Very few large, stable, key pieces of LWM remain in the channel due to historical
removal.



The size and age of the existing trees in the White River floodplain that are recruited
to the channel are, generally, not great enough to provide LWM that is able to act as
stable, key members to form persistent natural jams.
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Most of the LWM recruited to the channel is transient (Photo 4), moving down river
during peak flow events with some of the material (smaller pieces that do not get
captured at the bridge (see below) eventually delivered to Lake Wenatchee, or
becoming waterlogged and buried in the bed (Photo 2).



There is also significant removal at the Little Wenatchee River Road Bridge, which acts
to starve areas further downstream.

Large woody material was tallied on 2011 aerial photographs and verified during field work on
July 31, 2013. Key pieces and Medium pieces of LWM were defined based on parameters set
forth in Fox and Bolton (2007) and by the USFS (1998). A key piece for a river the size of the
White was defined as a log having an intact rootwad and overall volume of at least 10.5 cubic
meters (Fox and Bolton 2007). Medium pieces of LWM were defined as those logs having a
diameter greater than 1 foot and length greater than 35 feet (USFS 1998). Historically, LWM
of these sizes and larger would have been common in the lower White River.
Overall, the counts should be considered approximate, but suitable for showing relative
densities in a given area. Total counts are shown in Table 4. Distribution of the LWM is
shown in Figures C1-A, -B, and -C, in Appendix C. General trends and common areas of
LWM accumulation observed on the aerial images were confirmed by field observations. In
particular, there is a significant decrease in LWM density downstream of the Little Wenatchee
Road Bridge. This is assumed to be the result of direct log removal at the bridge during high
flow events as well as the decreased sinuosity downstream of the bridge being less conducive
to wood entrapment.
Table 4.

Characteristics of Large Woody Material in Main Channel of White River.
Comparison to
Reference (Fox and
Bolton 2007)

Subreach

1

2

3

Key Piece

2

3

7

1.2

1.7

3.1

Western WA

Alpine

20.8

4.8

1,696

544

(>10.5 cubic meters)
Density
(Key Pieces / Mile)
Medium Piece

50; far fewer pieces in

115; many pieces in

200; many pieces in

(>12 inches diameter

bed than upstream.

bed. Rough

bed. Rough

x 35 feet long)

Rough approximation.

approximation.

approximation.

Density - Medium

29.4

65.9

88.7

Pieces / Mile

4.2.3. Fish Species and Habitat
The Lower White River is known to be used by several salmonid fish species during all or part
of their life cycle. Some species are expected to use portions of the system during the entire
year. These species include spring Chinook salmon (Oncorhynchus tshawytscha), sockeye
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salmon (Oncorhynchus nerka), summer steelhead trout (Oncorhynchus mykiss), rainbow trout
(Oncorhynchus mykiss), westslope cutthroat trout (Oncorhynchus clarkii lewisi), and bull trout
(Salvelinus confluentus). Table 5 shows monthly habitat requirements of key salmonid species
in the lower White River and the corresponding monthly mean daily river flows. As can be
seen in Table 5, there is likely year-round dependency of the lower White River for multiple
life histories of one of more of the key salmonid species. Given the geomorphic characteristic
of the reach, historical key habitat functions of the lower White River floodplain likely
included providing foraging, rearing, and overwintering opportunities as well as flood refugia.
Rearing floodplain habitat could have been used year round, providing habitat partitioning for
both anadromous and resident salmonid species, thus minimizing predation risk and allowing
multiple species to coexist. The rearing floodplain habitat likely also provided thermal refugia
during the summer. Given the mean daily discharge shown in Table 5, and assuming that
similar discharges occur historically, the flood refugia would have been particularly important
for juvenile fish between May and June.
Due to the current high degree of floodplain disconnection, key habitat functions provided by
the lower White River include a migration corridor for adult fish in their way to upstream
spawning grounds and for juvenile fish migrating downstream. The lack of large, persistent
log jams limits the quality of the migration habitat (especially for juveniles) as it results in
few locations where fish can find refuge from high velocity flows. It is not known to what
degree (if at all) Lake Wenatchee compensates for the lack of floodplain habitat in the lower
White River by providing rearing and overwintering opportunities.
While the low gradient and sandy/fine-grained substrate within the project area make most
of the reach sub-optimal for salmonid spawning, the project area still has the potential to
provide important rearing habitat and currently provides a migration corridor to existing
spawning areas upstream in the watershed.
In-channel habitat complexity was judged based on a qualitative metric developed by McBride
(2001) for each geomorphic subreach in the project area. The metric, more fully described
in Appendix A, generally ranks subreaches based on diversity and complexity of in-channel
structure, variety in habitat units, presence or absence of side channel habitat and woody
material jams, diversity of microtopography, and variability of channel geometry.
Subreach 1, closest to Lake Wenatchee, was ranked as having Fair habitat complexity.
Upstream subreaches had greater habitat complexity, primarily due to larger quantities of
LWM and some substrate variability. Subreach 2 was ranked as having Fair to Good habitat
complexity, and subreach 3 was ranked as having Good habitat complexity. None of the
subreaches had enough variability in habitat units or channel geometry or presence of enough
side channels to warrant a ranking of Excellent.
Habitat units were mapped throughout the project reach. For the most part, field crews
observed alternating pools and glides or runs, with few habitats that could be classified as
riffles. Pools were primarily associated with scour on outside meander bends or adjacent to
large accumulations of LWM. The few localized areas of increased gradient did not have
substrate suitable for spawning. Typical habitat unit sequences are shown on Figure 10.
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Due to the incised nature of the channel, the project area lacks a significant quantity of
high quality side channel and off channel habitat that is accessible for long periods of the
year. This is described in greater detail in the following section. As a result, LWM (described
above) and particularly any large, complex LWM jams provide much of the high-quality
rearing habitat in the project area. The transient nature of the majority of the LWM in the
White River system, however, may limit the overall rearing productivity of the system. LWM is
a known substrate for macroinvertebrates and other components of the food chain for fish
(Pegay and Gurnell 1997).
Despite good habitat conditions and excellent water temperatures, few juvenile salmonids
were observed in the project reach during field observations despite a significant effort being
made to look in likely habitats such as along the margins of the channel and near complex
LWM jams. Upon entering Lake Wenatchee, field crews began seeing more juvenile salmonids,
in particular along shoreline areas with complex habitat provided by boulders and LWM. In
addition, a low concentration of airborne insects and macroinvertebrates was noted in the
main channel water during the field investigation. The White River appeared to be lacking
in overall quantity of benthic macroinvertebrate biomass. Macroinvertebrates in sandy
habitats tend to be burrowers and are not readily available for consumption by salmonids. It
is possible that the juvenile fish are choosing to use habitats in the lake rather than in the
river due to greater food availability or some other factor. Recently nutrient assessments
of the White River suggest that overall nutrients are not lacking and are supported by the
sockeye runs (PACE 2014). The low levels of persistent LWM may limit the retention time
for salmon carcasses, limiting the opportunities for these nutrients to be assimilated by
macroinvertebrates, in addition to the substrate limitations noted above.

4.3.

Interactions with Road, Bridge, and Bank Hardening

The Little Wenatchee River Road prism bisects the White River floodplain at RM 2.2 and is
the most profound, existing human alteration to the floodplain within the project reach
(Figure 2). In addition to the double-span bridge over the White River (Photo 11), the road
prism includes six corrugated metal culverts (5-foot diameter) that at certain flow stages
convey water on the left bank floodplain through the road prism. Figure 11 shows a section
view of the road prism, bridge, culverts, and adjacent right bank floodplain based on HEC-RAS
modeling results from a model of the bridge areaoriginally developed by GeoEngineers
(2012b) and subsequently modified to support this project by Herrera. The plot includes
modeled water surface elevations for the 2-year and 100-year recurrence interval flows.
Significant effort has been made to mechanically stabilize stream banks using riprap and
steel sheet pilings in the immediate area upstream and downstream of the bridge. While
the banks upstream of the bridge remain relatively stable, the area downstream of the
bridge is affected by expansion eddy scour and additional scour associated with the improper
placement of riprap groins (see Figure 12). The eddy scour and channel widening is currently
halted by steel sheet piles (Photo 17).
The road prism and bridge are a clear constriction at high flows. The bridge locally constricts
what otherwise is a slightly constricted bankfull channel. The road prism impedes overbank
flows, forcing them to impound the area upstream of the road prism and allowing flow only
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Table 5.
Month
Mean Daily Discharge (cfs) 1

White River Monthly Flow Characteristics and Fish Species Life Stages.
J

F

M

A

M

J

J

A

S

O

N

D

366

348

367

732

1,908

2,485

1,619

647

343

345

441

482

Adult Spring Chinook Salmon:
Spawning Run 2
Spawning 2
Juvenile Spring Chinook Salmon:
Emergence to Overwintering 2
Smolt Outmigration 2
Adult Sockeye/Kokanee Salmon:
Spawning Run 2
Spawning 2
Juvenile Sockeye/Kokanee Salmon:
Emergence to Overwintering* 3
Smolt Outmigration 2
Adult Summer Steelhead Trout:
Spawning Run 5
Spawning 5
Juvenile Summer Steelhead Trout:
Emergence to Overwintering 5
Smolt Outmigration 2
Bull Trout:
Emergence 2
Rearing/Living 3
Spawning Run 4
Spawning 2
Rainbow Trout:
Adult 3
Juvenile 3
Westslope Cutthroat Trout:
Adult 3
Juvenile 3
cfs = cubic feet per second
* Includes overwintering in Lake Wenatchee.
Data Sources for Table:
1
From HEC-RAS Model (GeoEngineers 2012b) .- validated by Herrera
2
WRIA 45 and 40 Limiting Factors Report (Andonaegui 2001).
3
Assumed year-round presence.
4
Estimated based on known spawning times in the White River.
5
Assumed based on typical lifecycle.
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Figure 10. Typical Habitat Unit Sequences in the Lower White River, Chelan County,
Washington.
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through the culverts. This results in the impoundment of large volumes of flood waters in
the areas upstream of the road, altering natural flooding patterns and creating high velocity
discharges of floodwaters through the culverts and bridge opening. These are hazardous
conditions for fish in the floodplain, which is a natural refuge during flood events.

Little Wenatchee Road Bridge.
In addition to constricting flows, the bridge is known to catch significant amounts of LWM,
creating a safety hazard and a maintenance burden. The bridge traps significant amount of
mobile LWM due to its location on a bend and, because the pier at mid-span and the piles
remaining in the bed from an earlier bridge act as strainers, catches mobile LWM during high
flow events that would have passed through a bridge opening of the same dimension that
contained no vertical obstructions.
Despite the bridge and road prism acting as a significant barrier to overbank flows and LWM
transport, the constriction is not believed to be a primary cause of the reach wide incision
that most significantly affect hydraulic connectivity.
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WHIT E RIVER HYDRAULIC MODEL

Plan: Existing Condition
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Figure 11. Section View of the Little Wenatchee River Road Prism, Bridge, Culverts, and Adjacent Right Bank Floodplain as Modeled in HEC-RAS by Herrera Based on a Model by GeoEngineers (2012b).
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Figure 12. Detail Map of Little Wenatchee River Road Bridge and Associated Structures and Effects.
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Bank erosion on left bank, RM 2.

4.4.

Floodplain Habitat Conditions and Connections to Main
Channel

The floodplain of the Lower White River ranges from 2,500 feet wide at the upstream end of
the study area to over 4,500 feet wide where the combined floodplains of the lower White
and Little Wenatchee rivers meet Lake Wenatchee. Within the floodplain are a variety of
habitats with a range of connections to the White River. These connecting areas are even
more important in the Lower White River than in other systems partly because of the severe
disconnection between the river and its floodplain. As a result, improvement or expansion of
these connections is a critical component of restoration efforts.
Herrera identified existing high quality or high-potential (i.e., if reconnected) floodplain
habitat areas within the project reach. These habitats are mostly or completed disconnected,
and will require some actions to reconnect them hydrologically to the river channel. The high
potential floodplain habitat category includes those requiring improvements in addition to the
hydrologic reconnection. Following are the habitats and their point or area of reconnection:
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Side-channel and Historical oxbow near RM 5.0 (Right Bank)



Natural wetland outlet near RM 4.8 (Right Bank)



Ditched wetland outlet near RM 4.6 (Left Bank)



Culvert wetland outlet near RM 3.4 (Right Bank)



Main ditch system, inlet near RM 2.6, outlet near RM 1.8 (Left Bank)



Abandoned oxbow near RM 1.8 (Left Bank)



Lower delta floodplain downstream of RM 1.0 (both banks)

Maps of these areas are presented on Figures C1-A, B, and C in Appendix C, and are discussed
in detail in the following subsections.

4.4.1. Side-channel and Historical Oxbow
The only active side-channel in the study area is located at RM 5.0, on the right bank.
Located in the location of the former main channel, this area appears to be accumulating
sediment. The surface is dominated by invasive reed canarygrass. High-flow channels are
evident (Photo 52).

Wetland conditions in oxbow wetland, right bank, RM 5.2.
July 2014
Reach Assessment: Channel & Floodplain Hydrology, Geomorphology, Habitat, & Vegetation—Lower White River

51

The old oxbow near RM 5.0 is perennially inundated and contains wetland plant communities
(Photo 18), but it is only engaged by the river during the largest flood events (100-year or
greater flood event). It is separated from the river by a natural levee more than 100 feet in
width, which is colonized by upland vegetation, including mature red cedar forest.

4.4.2. Natural Wetland Outlet
A natural outlet of a wetland occurs at RM 4.8. This outlet was active (flowing) on July 31,
2013 (Photos 19, 20, and 21), and would appear to be active at the lowest waters. The
wetland contains a number of native plant communities (Photos 22, 23, and 24) and is at least
partially supported by groundwater springs off of the valley wall. Water levels appear to be
managed by beavers. The outlet was vegetated with willow and alder. Several wildlife signs
were noticed here, including those of deer, beaver and bear (Photo 25).

Natural outlet of floodplain wetland, right bank, at RM 4.8, showing confluence
conditions
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Black bear tracks at natural outlet of floodplain wetland.

4.4.3. Ditched Wetland Outlet
The ditched wetland outlet near RM 4.6 (Photo 26) was dry by July 31, 2013, but it appeared
to have discharged water to the river earlier in the year. It is likely engaged during most
high waters, probably several times per year for short durations. The geometry of the outlet
is simplified, typical of a ditch, although vegetation is thick along the ditch banks.
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Ditch outlet on left bank, RM 4.6.

4.4.4. Culvert Wetland Outlet
A culvert exists near RM 3.4 on the right bank (Photo 27). The culvert did not have flowing
water on July 31, 2013, although signs of recent drainage were evident. The culvert is set
within a prism of fill that abuts the riverbank in this location. The road that the prism
supports is no longer actively used and appears brushed in.
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Culverted wetland outlet, right bank, RM 3.4.

4.4.5. Main Ditch System (Inlet and Outlets)
Observation shows there to be one point where water enters the ditch network upstream of
the Little Wenatchee Road. The inlet to the main ditch system occurs near RM 2.6 (Photos 28,
29, and 30), near a log jam.
During higher flows in the river, this point acts as an inlet, allowing water to enter the ditch
network and ultimately flood the fields at lower elevations behind the river’s natural levees.
Floodwater surges through the inlet, further flooding the low-lying pastures and wetlands
(Photo 31) and discharging through the culverts under the Little Wenatchee River Road
(Photos 32, 33, and 34). Once river levels drop, water in the inlet ditch drains away from
the river. The ditch acts as a drain during the summer low flow period, draining a small
volume of groundwater out of the ditch network. Based upon the invert elevation and direct
observations, the ditch inlet is active during the peak freshet in the late spring and early
summer and large runoff events in the fall and winter. Nothing is known of flow velocities
in the ditch network at the time of inundation, although observations of vegetation in and
along the ditches after the 2013 freshet suggest that they may be significant enough to
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reduce the quality of habitat for juvenile salmonids (fish may be flushed out during high
flows). Vegetation communities within the ditch network are a mixture of pastures and
wetlands. There are many habitat features in the wetlands that would support rearing
of juvenile fish, including dense woody vegetation (Photo 35) that is flooded for most of
the year, access to extensive emergent wetlands (Photo 36), and cold groundwater inputs.

View of ditch system inlet on left bank at RM 2.6.
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View of ditch system in pasture area, upstream of road.

View of ditch system in pasture and wetland area, downstream of road,
showing main culvert discharge area.
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Near RM 1.8 are the two primary outlets for the ditch system on the left bank (Photo 37).
Juvenile fish were noticed during June 2013 when the outlet was engaged. Vegetation
conditions at the outlet (densely brushy) are generally close to what would be expected at a
side channel outlet under predevelopment conditions. The outlet was dry in late July. It is
likely active during and after the peak freshet in the late spring and early summer and large
runoff events in the fall and winter.

View of ditch system outlet discharging tannin-stained water into the White River at
RM 1.8, left bank.
Another outlet to the ditch network is on the left bank immediately upstream of the bridge.
This is a 12-inch piped outlet (Photo 38) placed in an orientation that seems to limit water
from entering the ditch network. Because the pipe is small and can become easily clogged, it
was not considered to be a reliable access point for fish to enter or exit the ditch network.
This outlet drains groundwater from the ditch network back into the main river throughout
the year.
Using a combination of available lidar elevation data, an existing HEC-RAS hydraulic model
of a portion of the project area developed by GeoEngineers and modified by Herrera
(GeoEngineers 2012b), and the hydrologic record in the river since 2003, it was possible to
generally assess frequency and duration of the connectivity of these key areas to the main
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channel. The approximate inlet elevation of the primary ditch inlet area (left bank, RM 2.7)
is 1,880.25 feet, based on the available lidar data. On June 11, 2013, Herrera personnel
observed conditions at this point. The river was not high enough to be forcing flow into or
inundating the ditch network, but the water surface in the river was just beginning to back
water into the ditch mouth. Flows were recorded at 2,240 cubic feet per second (cfs) on the
DOE lower White River gage.
Herrera determined that the inlet would become inundated at around 2,485 cfs (the HEC-RAS
model was run at this flow, representing the Average Daily flow conditions for June), with a
water surface elevation of 1,880.62 feet. It is reasonable to assume that the ditch network
begins to become activated when the river reaches approximately 2,500 cfs. Once the
ditch network is activated, the likelihood of fish access increases, particularly for juvenile
salmonids. However, such fish access may be limited to the ditch network, and not to
valuable fish habitats with high suitability for juvenile rearing, flood protection, or
overwintering.
The approximate minimum elevation of the ditch outlets downstream of the bridge is
1,877.3 feet, based on the available lidar data. Herrera determined that the downstream
intersection point would become inundated at levels between the Average Daily July flow
(1,619 cfs) and the Average Daily May flow (1,908 cfs). Wetted confluence conditions were
observed during river flows of approximately 5,000 cfs on May 16, 2013, and approximately
2,200 cfs on June 11, 2013. The confluence was dry at approximately 900 cfs on July 31,
2013.

4.4.6. Oxbow
A large, recently abandoned (circa 1950) oxbow wetland exists near RM 1.8, downstream of
the White River Road Bridge (Photo 39). The inlet and outlet are only about 250 feet apart. It
is possible that this oxbow was formed as a result of scour from the constriction at the bridge,
direct modification of the channel, or other factors. The inlet is well silted in, and the outlet
is also silted in, although with a significantly lower and narrower sill (Photo 40). It is expected
that both the inlet and outlet will continue to fill with sediment over time.
As for the main ditch system discussed earlier, using a combination of available lidar elevation
data, an existing HEC-RAS hydraulic model of a portion of the project area developed by
GeoEngineers and modified to support this project by Herrera (GeoEngineers 2012b), and the
hydrologic record in the river since 2003, Herrera was able to generally assess frequency and
duration of the connectivity of these key areas to the main channel. While not perfect by any
means, this investigation is able to shed valuable light on existing conditions, which are
discussed below.
The upstream point where the oxbow intersects the main channel has an approximate
minimum inlet elevation of 1,883.37 feet, based on the lidar data. Herrera determined that
the upstream intersection point would become inundated between the Q25 (10,380 cfs) and
Q50 (12,980 cfs). It is, therefore, reasonable to assume that the upstream inlet of the oxbow
will activate when the river reaches approximately 10,000 to 12,000 cfs. Hence, if at all
feasible under existing conditions, fish access through the upstream end of the oxbow is
highly limited.
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Aerial view of the lower ditch system on left bank, oxbow wetland and outlet on right
bank, and log weir at RM 1.7.

View of oxbow wetland outlet.
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The downstream point where the oxbow intersects the main channel has an approximate
minimum inlet/outlet elevation of 1,878.41 feet, based on the lidar data. Herrera determined
that the downstream intersection point would become inundated between the Average Daily
June flow (2,485 cfs) and Q1 (3,820 cfs). It is, therefore, reasonable to assume that the
downstream outlet of the oxbow will discharge at river surface elevation when the river
reaches approximately 3,000 cfs. Given these flows, fish access to the oxbow likely occurs
annually, for a limited duration, if feasible.

4.4.7. Lower Floodplain
The lower floodplain (RM 1.0 to RM 0) has considerable off-channel connections to other
water features on the delta, such as Squaw Lake, and Lake Wenatchee during high flow
events. The river has significant natural levees in this area and shows signs of a major
reorganization of delta geometry in the recent geologic past (see Geologic History section
above for details).

4.4.8. Typical Floodplain Connectivity Conditions outside of Key Areas
With the exception of the key areas described in the previous sections (i.e., near the ditch
inlets), the project reach is generally incised and has large natural levees along both banks.
The off-channel habitat areas discussed above are all inundated at low recurrence interval
flows because the hydraulic connections to those areas are at isolated points of low bank
elevation. Using the results of the GeoEngineers Flood Hazard Report (GeoEngineers 2012a)
and the HEC-RAS model developed by GeoEngineers and modified to support this project
by Herrera (GeoEngineers 2012b), Herrera was able to estimate the flow rate and at what
recurrence interval events the banks become overtopped in the area covered by the HEC-RAS
model (approximately 3,211 feet upstream of the bridge to approximately 1,752 feet
downstream of the bridge).
Table 6 lists approximate right bank and left bank overtopping flows predicted by the
HEC-RAS model (GeoEngineers 2012b). These predicted overtopping flows suggest that
large flows are necessary for inundation of floodplain areas. This means that wholesale
floodplain inundation is rare and short-lived. This is important, because for juvenile salmon,
opportunity, habitat’s capacity, and realized function to enhance survivability are critical
metrics (Simenstad and Cordell 2000). The opportunity metric refers to the capability of
juvenile salmon to access habitat areas and benefit from the habitat’s capacity. In the case
of the Lower White River, this refers to access to floodplain habitats. The capacity metric
evaluates the habitat attributes that promote juvenile salmon production, through conditions
that promote foraging, growth, and growth efficiency, and/or decreased mortality. The
realized functions metric evaluates direct measures of physiological or behavioral responses,
attributable to fish habitat use and that promote fitness and survival. The realized functions
is a measure of access opportunity to habitat suitable to support fish (opportunity multiplied
by capacity; Simenstad and Cordell 2000). However, for the purpose of the Lower White
River, access opportunity is considered the most critical parameter or value to measure
whether the system can support juvenile salmonid populations in terms of proving fish habitat
functions to enhance survival.
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Table 6.

Overbank River Flow Calculations Summary for the White River Study Area.

HEC-RAS
Distance from Bridge
Cross-Section
(feet)

Location Relative
to Bridge

Left Bank Overtopping Right Bank Overtopping
Flow
Flow

5963

3,211

Upstream

Between Q5 and Q10

Between Q10 and Q25

5953

3,201

Upstream

Between Q5 and Q10

Between Q10 and Q25

5533

2,781

Upstream

Between Q10 and Q25

Between Q10 and Q25

5082

2,330

Upstream

Just below Q25

Just above Q25

4661

1,909

Upstream

Just below Q25

Between Q10 and Q25

4383

1,631

Upstream

Between Q10 and Q25

Just above Q10

4111

1,359

Upstream

Just below Q25

Just below Q50

3650

898

Upstream

Above the Q25

Between Q10 and Q25

3134

382

Upstream

Above Q50

Above Q50

2912

160

Upstream

Just below Q25

NA

2802

50

Upstream

Just below Q100

Between Q50 and Q100

2752

0

At Bridge

NA

NA

2703

49

Downstream

Just above Q25

Above Q100

2698

54

Downstream

Just above Q25

Above Q100

2645

107

Downstream

Just above Q25

Above Q100

2585

167

Downstream

Just above Q10

Above Q100

2522

230

Downstream

Between Q10 and Q25

Above Q100

2413

339

Downstream

Between Q10 and Q25

Above Q100

2302

450

Downstream

Just above Q25

Above Q100

1955

797

Downstream

Between Q50 and Q100

Above Q100

1511

1,241

Downstream

Between Q25 and Q50

Above Q100

1005

1,747

Downstream

Above Q100

Above Q100

1000

1,752

Downstream

NA

NA

4.5.

Vegetation and Wildlife Habitat

The study area contains a mixture of pastures, wetlands, and a variety of forests (Figure 2,
Photos 41 and 42). Small pockets of rural development occur, primarily along White
River Road. The pastures are dominated by non-native pasture species and invasive reed
canarygrass, with small pockets of native vegetation, primarily emergent wetland vegetation
in areas where field drainage is incomplete. The open-canopy wetlands contain diverse
assemblages of native emergent, aquatic bed (e.g., water lily), and shrub vegetation, as well
as reed canarygrass (especially near pastures and along the river channel) (Photos 35 and 36).
The forested areas represent a range of seral (forest succession) stages. The youngest are
isolated pockets of young black cottonwood (Populus balsamifera) trees, primarily on or
near active bars (Photo 43). Older stands of cottonwood occur throughout the study area
(Photo 44). Pure cottonwood stands are concentrated near the existing pastures. Elsewhere,
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View of pastures and adjacent forests.

View of shrub and emergent wetland conditions in proximity to ditch system.
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cottonwoods occur as mixed stands with other species. Several groves of aspen (Populus
tremuloides) occur in the study area (Photo 45), and their distribution is probably affected
(increased) by the previous timber harvest. Aspen, however, is difficult to assign to a seral
stage, as a root mat can persists for hundreds of years or more, while the individual stems
(largely clones) may last only decades. Forests with conifers (primarily western red cedar,
Douglas-fir [Pseudotsuga menziesii], white fir [Abies concolor], and western white pine [Pinus
monticola]) range from cottonwood canopy areas with conifers regenerating in the midand under-story (Photo 46); to young stands with a mixed conifer and cottonwood canopy
(Photo 47); to pockets of coniferous forest over to 70 years old (Photos 48 and 49).
A detailed forestry assessment and restoration plan was prepared by Shellhaas Forestry is
presented in Appendix D. Survey plot locations are shown with respect to property ownership
in Figures D-1 and D-2, and overlain on aerial photographs from 1938 (Figures D-3 and D-4),
1966 (Figures D-5 and D-6) and 1985 (Figures D-7 and D-8) to show the progression of stand
alterations and development. In general, the goal is to enhance the establishment and
maturation of the forested stands, with a target to increase the presence and maturity of
western red cedar in order to create conditions more similar to the original, pre-harvest
forest.
Wildlife habitat in the study area is diverse and contains habitat features for many species
(WDFW 1996, 2013). Black bear (Ursus americanus), mule deer (Odocoileus hemionus), elk
(Cervus elaphus), cougar (Puma concolor), bobcat (Lynx rufus), coyote (Canis latrans), and
other species are known to occur in the area. The study area includes critical calving and
refuge areas for deer and elk. In addition, wide-ranging species such as grizzly bear (Ursus
arctos) and wolves (Canis lupus) may pass through the study area. Beaver (Castor Canadensis)
are active in the area (Photos 50 and 51). Many cut branches, stumps, and beaver trails were
observed along the river and in floodplain areas containing ditches or wetlands. Bald eagle
(Haliaeetus leucophalus) and osprey (Pandion haliaetus) are common in the area, and many
suitable perching and nesting trees occur along the riverbank and interface with Lake
Wenatchee. A number of active nest sites for these raptors, as well as for common loon
(Gavia immer) have been documented to occur in the study area (WDFW 2013). Pockets of
dead trees provide habitat for woodpeckers and other cavity-nesting species, and numerous
excavations were observed in dead stands of white fir. Migratory Canada geese and other
waterfowl were observed in the river channel and in flooded wetlands. These wetlands also
provide good amphibian breeding and rearing habitat. Habitats for fish species are discussed
above, in the Fish Species and Habitat section.
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5. SUMMARY OF N ATURAL CONTEXT AND
IDENTIFICATION OF KEY LIMITING FACTORS
The attributes of the site’s history and current conditions have shaped the study area. Some
attributes represent the natural context of the system. Others indicate key limiting factors
that could be rectified by restoration. Both are discussed in the sections below.

5.1.

Natural Context

There are several possible geological and human-derived explanations for incision of the
river and disconnection of the floodplain, all of which could contribute to some extent in
current conditions. The analysis herein has demonstrated that the geological processes and
the incision that resulted likely predated European settlement. Although the geological
processes are varied, they are all large-scale and natural in nature, implying that long periods
of floodplain disconnection may be a natural feature of this system as it adapts to these
changes.
Lake levels have changed over the geologic history of the area but have been stable for over
100 years. A drop in lake level prior to European settlement could have triggered incision,
though the drop would have had to be have been quite sudden to produce the changes seen
in the study area. Tectonics could have also played a significant role in triggering incision,
in particular a slip of the Leavenworth Fault, which would have caused a sudden relative drop
in the lake outlet. Large pulses of sediment were delivered to the study area by landslides,
volcanism, and erosion from fire and logging. These events could have created a surplus of
sediment that was deposited onto the floodplain, followed by long periods (including the
present) in which the sediment load is lower.

5.2.

Key Limiting Factors

Despite the pre-existing conditions that support incision of the channel, the following factors
continue to limit habitat conditions throughout the study area and strongly affect the overall
functions of the river and its floodplain.


Large Woody Material in persistent logjams are very limited throughout the study
area as a result of removal of in-channel wood, especially large key pieces. The loss of
these structures severely limits the ability of the river to preferentially accumulate
and distribute sediment and activate its floodplain. It also limits fish habitat in the
main channel.



Floodplain forest management has reduced mature coniferous forest, especially
western red cedar. This condition limits bank stability, long-term sources of LWM, and
floodplain functions. In addition, modifications to historical, old-growth, floodplain
vegetation conditions may have negatively altered sources of terrestrially derived
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nutrients such as leaf litter that could serve as a food source for benthic
macroinvertebrates.
The following elements are influencing river processes and habitat at a smaller scale:


Little Wenatchee River Road and Bridge (structures and operations): The bridge locks
the channel position, and the associated bank hardening creates erosion in the channel
at the bridge and along downstream banks. Maintenance operations remove wood,
reducing the supply of LWM to the lower subreach. The bridge and road acts as a dam
during high flow events, altering the natural flooding patterns and creating areas of
high velocity (culverts, bridge opening) which are hazards for fish.



Configuration/ dimensions of ditch network: Although they provide fish access, such
access may only be to the ditch network and not to other more suitable habitats. Also,
the configuration, dimensions, and geometry of the ditches creates high velocity areas
that are likely to flush fish out the network during high flows.



Draining effects on wetlands ditch networks: The ditches reduce groundwater
elevations in the floodplain, which affects wetland habitats in the drained areas,
influences vegetation communities, and alters groundwater charging of the hyporheic
zone.



Unneeded culverts and fill at wetland outlet (RM 3.4): These structures are relicts
from past development and impair the connectivity of the river with floodplain
wetlands.

These limiting factors are targeted in the Restoration Opportunities section that follows.
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6. RESTORATION OPPORTUNITIES
The analysis of the key limiting factors that are affecting channel connectivity, floodplain
processes, and fish habitat was used to guide the identification and prioritization of
restoration opportunities. A number of restoration opportunities were identified in the study
area and these opportunities are well-aligned with limiting factor analysis and proposed
restoration actions by other technical studies ((Upper Columbia Regional Technical Team
2013, Chelan County and Yakama Nation 2004, Andonaegui 2001, Chelan-Douglas Land
Trust. 2011, WDFW 2006).. The locations of the opportunities are shown in Figures C2-A, -B,
and -C in Appendix C. A conceptual cross-section of a restored ditch is presented in Figure C3,
Appendix C. The restoration opportunities with the greatest potential to address the key
limiting factors are:


The already proposed wood atonement project (Phase 1, upstream of bridge) (CCFEG
2011, Appendix E) as well as an expansion of this project to include downstream areas
would directly address the lack of stable log jams in the study area by installing wood
piles to help support longer duration jam formations. In addition to the locations
proposed for that project, there are other locations (e.g., RM 5.0) that warrant
consideration. Development of these structures would directly benefit habitat in the
main channel for fish. These structures also buffer the effects of the natural pulses of
sediment and lake level changes by processing and accumulating sediment and
encouraging interactions with the floodplain.



Increased forest cover and forest enhancements (see Appendix D) would directly
address the long-term loss of mature forests, western red cedar, and large riparian
trees. It would support in-channel logjam development over the long-term.



Ditch network improvements would capitalize on the existing off-channel habitats
provided by the ditch network, but ditches would need to be modified to enhance
their habitat functioning (suitability) as well as fish passage and access to other more
valuable habitats (i.e., floodplain wetlands).



Enhancing side-channel formation at RM 5.0 would take advantage of one of the only
locations of natural side-channel formation in the study area (Photo 52). Improving
connectivity of this area to a wider range of flows would enhance its function.



Revisions to the Little Wenatchee River Road and Bridge structures and operations
(wood removal) would rectify some of the effects these features have on the river and
floodplain. Improving conveyance through the road and bridge would reduce some of
the effects that the damming by the road has created (see section above).



Removing the culverted wetland outlet at RM 3.4 would re-establish a natural wetland
outlet and provide access to the wetland at a wider range of river flows.
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Enhancing the outlet of the oxbow at RM 1.9 would provide improved access to this
wetland at a wider range of river flows.



Restoration of the bank conditions in the vicinity of the bridge, would rectify a chronic
erosion problem area and enhance riparian vegetation conditions.

The characteristics of each, including the key limiting factors each addresses, the advantages
and disadvantages of each, and additional data required for design are summarized in
Table 7.Based on this analysis, three in-channel/side-channel projects were selected to
develop into restoration designs (presented in Appendix F), in addition to the sivicultural
recommendations developed by Shellhaas Forestry (Appendix D).
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Table 7.
Restoration Opportunity

Main Attributes

Characteristics of Lower White River Restoration Opportunities.

Expected Benefits (Key Factors)

Wood atonement project (Phase 1

Setting of wood piles to provide

Systematic increase in LWM cover and

[upstream of bridge], Appendix E) in

aggregation points for jams

persistence of jams

Advantages



progress, some additional locations warrant
consideration, Phase 2 [downstream of

Disadvantages

Data Required for Design

Performance Standards

Design review. Consideration of



Number of piles set.

restoration issues.

placement locations (possibly



Volume (#) of logs

Already well-developed and

expand sites)

Directly targets key component of

Public perception and opposition

aggregated on structure.


researched project

bridge] is in development. See Appendix F.

Volume (#) of key pieces on
structure.



Duration (# of years) key
pieces persist in structure.

Increase forested cover and enhance

Forest management units and riparian

Long-term process enhancement. Provides 

Re-establishes native processes and

succession towards western red cedar

vegetation restoration sites

LWM recruitment material, floodplain

creates long-term restoration solution

some existing land uses on

Low cost to establish

private property. May require

enhancements in which

incentives and/or education to

restoration plans have been

enhance participation.

implemented.

forests where suitable

roughness, native habitat restoration for





broad range of species


Ditch network improvements



Reconfigure inflow channel (reduce

Improve fish access to suitable floodplain

velocities through grading of flood

habitats over a longer duration


benches, flow release points, LWM




species or trees) developed



Effects will be slow to develop.

as part of the study.

Reduce injury to juvenile fish during



Landowner negotiations required.



Limited ground survey.

high flows. Low cost project.



None likely.



Limited ground survey. Fish

made more accessible to

Provide improved access to



Moderate cost of culvert

usage and groundwater

fish.

replacement

studies.

duration. Low cost project.



Landowner negotiations required.



Reduce injury to fish and fish




Area of floodplain habitat

Post-construction survey to
verify changes in ditch

existing HEC-RAS.

sections and/or modified

Groundwater study useful but

culverts.

passage during high flows and

hydraulic head and enhance passage of

improve sediment and floodwater

not required. Limited ground

floodwaters, sediment, and potentially

transportation.

survey.

Consider strategic filling of ditches that



Minor flow modeling using

Revise culvert crossings to limit



Specific performance

success.

Reconfigure outlet ditches to increase

wood

as needing sivicultural



Long-term monitoring and

Acreage of areas identified

standards (#, spacing,

floodplain habitats over a longer




plan (in progress)

management requirements for

placement)
duration of access




Possible (short-term?) conflict with Forestry study and management

Maintain natural groundwater
elevations in floodplain wetlands.

do not provide fish habitat access and
drain wetlands
Enhance side-channel formation at RM 5

Place LWM structure to maintain and open

Create side-channel habitat, which is

Only opportunity to create side-channel,

existing side-channel. Restore vegetation

lacking

provide some in-channel habitat diversity construction access

(currently reed canarygrass)
Revise Little Wenatchee River Road Bridge 



Very difficult and expensive

Ground survey,



hydrologic/hydraulic modeling

Area of side-channel
created.

and floodwater refugia

Remove piles from old bridge

Improve wood and floodwater passage



Easy and inexpensive (at low water)



Some permits of in-channel work



Survey of piles for permits



Verification of pile removal.

Revise wood removal operations on

through bridge



None



Operations guide (or



MOU or operations plan to

Easy and free, or possibly reduced



bridge

hauling costs to those that maintain



Replace bridge with larger span and/or

the bridge

no center pier and revise associated
revetments



Provides longest term solution (short
of removal of bridge and road fill)

memorandum of

Expensive

understanding) preparation


guide wood removal.


Revised bridge design

Extensive survey and

provides the required

engineering

channel migration area and
wood passage.
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Table 7 (continued).
Restoration Opportunity
Remove culvert at RM 3.4 (right bank)

Main Attributes

Characteristics of Lower White River Restoration Opportunities.

Expected Benefits (Key Factors)

Remove culvert and associated fill to re-

Improve access to floodplain wetland from

establish more natural wetland outlet

main channel at a wide range of flows

Advantages
Low cost and immediate benefits

Disadvantages

Data Required for Design

Possible limitations on construction

Ground review of access,

access

configuration of wetland interface

Performance Standards


Area of floodplain habitat
made accessible.

with culvert.
Enhance connection of oxbow outlet,

Design and place LWM jam to maintain or

Improve access to floodplain wetland from

downstream of bridge (right bank)

enhance outlet opening

main channel at a wide range of flows

Connection already exists but is limited

High cost of required modeling,

Ground survey, extensive

design, and structure; uncertainty

modeling and engineering.



Area of oxbow habitat made
accessible.

over long-term sedimentation
processes
Restore Bank Conditions near Bridge

Remove sheet piles and revise rock barb,

Improve bank conditions

revegetation (all best designed in

Existing restoration plan and good

Potential conflicts with existing or

Ground survey and engineering

construction access

planned uses.

design



Linear feet of enhance bank
condition.

conjunction with any bridge revisions ditch
network reconfiguration.
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8. GLOSSARY
Armoring (bank) – The placement of rock or other hard structures to prevent channel
migration and erosion.
Bar – Deposition of sediment within a river channel, typically composed of sand and fine
gravel on the inside of a meander bend.
Beach ridge – A ridge formed due to the interaction of sediment input and waves.
Debris flow – A fluid flow of rock, water, and woody debris. Typically requires much more
fine material than a landslide and occurs during times of heavy precipitation.
Deglaciation – The time when glaciers last retreated from an area. In the case of the White
River, this occurred approximately 10,000 years ago.
Floodplain – Generally flat area surrounding a river that is inundated at high flows. On the
Lower White River, the floodplain is quite distinct because of the presence of steep valley
walls.
Freshet – Period of time during the peak snowmelt, typically in May and June.
Glide – The moderate condition between a riffle and pool. Typically, glides have glassy water
surfaces and slower moving water.
Graben - A depressed block of land bordered by parallel faults.
Hydraulic control – The point in the channel profile that sets conditions for those upstream of
it. Typically, water velocities are higher at these points.
Incision – Localized erosion within the confines of a channel.
Invert – The lowest portion of a culvert or channel.
Lahar – Volcano-derived mudflow.
Landslide – A large flow of rock that deposits close to where it originated. It is distinguished
from a debris flow because it does not require precipitation but, rather, tectonic forcing or
catastrophic failure of a slope. Landslides are typically emplaced dry.
Levee (natural) – The deposition of sediment along the channel banks that can act to isolate
a river from its floodplain.
Modern delta – The most lakeward portion of the delta. It is also the most geomorphically
active and recently deposited part of the delta.
Oxbow (lake) – A long, curving lake formed in the floodplain that was once a portion of the
river channel.
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Pit tag array – On the White River, this refers to a channel-spanning log weir with instruments
used to track fish.
Pool – Slow-moving, deep water in a channel.
Predevelopment conditions – Geomorphic conditions present prior to European settlement.
Radioisotopic dating – Using ratios of certain isotopes of rare elements, radioisotopic dating
can determine the age of certain events for the sample. For example, the time since a sample
was first exposed to the atmosphere can be assessed by evaluating cosmogenic isotopes
(i.e., those isotopes generated by exposure to gamma rays) or time since burial using certain
isotopes of lead.
Riffle – Portion of the river where the water surface is disturbed by interaction with the bed
and water velocities are high.
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APPENDIX A
Analysis Methods

ANALYSIS METHODS
This appendix section describes the metrics used in the field to assess and describe
geomorphic conditions in the project reach. Specific metrics were used for the stream
channel, stream banks, and floodplain.
Reach Type and Channel Type - Channel morphologic reach types were classified
referencing the channel-process-based classification system developed by Montgomery and
Buffington (1998). Defining the overarching morphology of the reach enables a comparison of
observed channel conditions and response to the natural geomorphic ability of the reach to
resist or respond to changes in hydrology or sediment supply.
Montgomery and Buffington (1998) channel types included: cascade, step pool, plane-bed,
pool-riffle, dune-ripple, bedrock, and colluvial. Forced channel types, such as riffle/pool or
step pool forced by large woody debris (LWD) in the channel were classified as that basic
channel type, with notes added describing the significant morphological influence of the LWD
or other forcing factor.
The classifications used to describe the reach and channel types in the project area are listed
and described in Table A-1.
Table A-1. Reach and Channel Type Classifications.
Reach Type

Channel Type

Description

Source

Colluvial

Headwater, colluvial channels; act as transport-limited; sediment storage
locations subject to debris flow scour

Transport

Bedrock

Morphologically resilient, supply-limited reaches; rapidly convey increased

Cascade

sediment inputs

Step-pool
Response

Plane-bed

Lower gradient, alluvial, transport-limited reaches; morphological

Pool-riffle

adjustments occur in response to increased sediment supply

Dune-ripple

Channel morphology was also classified based on the Rosgen stream channel classification
system (Rosgen 1996) using estimated stream channel dimensions or cross section dimension
from the GeoEngineers HEC-RAS model, and substrate classification data.
Bankfull Channel Width and Depth - Bankfull channel width and depth were estimated or
measured where possible at intervals through a geomorphic reach, and approximate average
values were recorded. Bankfull width is defined as the distance perpendicular to the channel
between bankfull stage indicators on the right and left banks (for a single thread channel).
Bankfull depth is defined as the vertical distance from the channel thalweg (deepest point on
a cross-section) to the bankfull stage.
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Bankfull width and depth were measured at different locations in the stream profile
depending on the stream’s channel type. Typically, it is best to measure bankfull depth
at riffles in riffle/pool or plane-bed channels, and at runs or glides on step-pool, cascade,
dune/ripple, rectangular glide, or bedrock channels. Excavated/constructed channels do not
have a true, natural, bankfull width and depth that relate to the hydrology and geology of the
system. In cases where excavated/constructed channels were encountered, they were treated
as plane-bed channels, and bankfull channel dimensions were recorded at uniform riffles.
The key first step in measuring bankfull channel width and depth is the field determination
of bankfull stage. Much has been written about bankfull indicators and the meaning of the
bankfull flow (Leopold et al. 1992; Knighton 1998). There is also some debate about the
term bankfull versus another commonly used term, ordinary high water (OHW). Ordinary
high water stage may or may not be equivalent to bankfull stage (Ecology 2008). In western
Washington and Oregon, OHW stage is typically higher than bankfull stage. For the purposes
of this reconnaissance-level survey, it was assumed that the bankfull stage defines the active
channel and does not include portions of the overbank and floodplain.
Professionals with significant experience in the delineation of bankfull stage completed
the bankfull width and depth measurements in the field by using combinations of typical
indicators described in a number of commonly cited references (Rosgen 1996; Harrelson et al.
1994). Typical bankfull stage indicators included:
x

Clear, natural, scour lines on the bank

x

The lowest extent of persistent woody vegetation

x

The presence of a floodplain at the elevation of incipient flooding

x

Changes in vegetation communities

x

The top of the zone of washed roots

x

Break in slope of the bank

x

The lowest extent of lichen or moss on bedrock or bank boulders

x

Bank undercuts

x

Elevation of the highest depositional features such as point bars

Channel Gradient - Channel gradient was estimated visually in the field by professionals with
significant stream classification experience and confirmed by analysis of available LiDAR data.
The objective of estimating gradient in the field was to offer some degree of ground truthing
of gradient estimates extracted from remote sensing data (DTM) or topographic maps. Stream
gradient was estimated based on the following categories.
x

Less than 1 percent

x

1 to 2 percent

x

2 to 4 percent
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x

4 to 8 percent

x

Greater than 8 percent

Sinuosity - Channel sinuosity, defined as the ratio of a streams longitudinal planform length
to its valley length, was calculated using GIS analysis of aerial imagery that clearly shows the
White River channel alignment.
Substrate Material - Primary and secondary stream bed substrate were classified for all
geomorphic reaches based on field observations. Visual estimates were based on relative
surface area covered by different size classes of sediment. Primary substrate refers to the
most common size class, and secondary substrate refers to the second most common size
class. In certain instances, the presence of a third size class was observed and documented in
the notes. Primary and secondary stream bed substrate were classified using the categories
listed in Table A-2.
Table A-2. Substrate Material Categories.
Category

Size Class

Fines

<63 microns (0.063 mm) estimated

Sand

63 microns – 2 mm

Gravel

2 mm – 32 mm

Cobble

32 mm – 256 mm

Boulder

>256 mm (approximately 10 inches)

Bedrock

Non-alluvial bedrock

Cohesive fines

Non-alluvial erosion resistant clays

Channel Stability Status - The geomorphic metric for channel stability status can be used
in identifying the current stage of channel adjustment and response to previous and possibly
ongoing changes to the local channel and floodplain, as well as to changes in watershed
hydrologic and sediment processes. The particular stability status of a stream reach
determines, in part, whether the stream reach may be eligible for alternative flow control
standards. Table A-3 lists and describes the geomorphic indicators of channel stability status,
which were adapted from Simon (2005).
Stream reaches that exhibit incising or widening trends have not yet adjusted to local and
watershed changes and have not yet reestablished a state of stable or dynamic equilibrium.
Streams in these categories would not be eligible for alternative flow control standards unless
the alternative approaches were determined to be more protective. However, stream reaches
that exhibit stable or restabilizing/aggrading characteristics, after the contributing watershed
land use has remained consistent for several decades, either possess geomorphically resistant
channel characteristics or have begun to readjust and develop a new equilibrium in response
to historic local and watershed alterations.
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Table A-3. Channel Stability Status, Geomorphic Evaluation Metric.
Stability Status
Stage

Field Evidence for Stability Status Stage

Stable

Balance between sediment transport and aggradation (channel is not consistently aggrading
or degrading)
Basal erosion common on outside bends; deposition common on inside bends
Bank vegetation extends to bankfull flow line

Forced Stable

Mechanically/artificially armored bed and banks
Mechanically altered or constructed channel

Incising

Bare, scalloped banks without evidence of significant lateral bank movement, such as fallen
trees
Woody vegetation beginning to colonize bare slopes on banks below top of bank/floodplain
surface

Widening

Active bank erosion (often both banks) accompanied by recently fallen trees (or other bank
vegetation) into the channel
Banks held only at hard points such as bedrock, riprap, dense tree roots, or accumulations of
LWD

Incising and

Combination of the above indicators for “Incising” and “Widening” including signs of both

Widening

degradation and basal erosion along banks; riparian vegetation high relative to flow line

Aggrading

Recent deposition of bedload within active channel; alternating bars present; reworking of

(Restabilizing)

failed bank material
Some basal erosion on outside bends; deposition on floodplain and bank surfaces
Flattening of bank angles; development of new floodplain; reduction in bankfull channel
depth
Vegetation beginning to extend up slough line and upper bank; some vegetation establishing
on bars

Floodplain Width - In instances where a clearly defined, approximately horizontal floodplain
was present along the channel, the width of that floodplain, including the channel width, was
either measured or estimated visually or by using the scaled aerial photos on the field maps.
Flood Prone Width - The approximate flood prone width (Rosgen 1996) was estimated based
on surveyed cross sections from the GeoEngineers HEC-RAS model where applicable. Flood
prone width is defined as the width of the inundated area when water reaches a stage where
flow depth is equal to twice the bankfull depth.
Primary Bank Material - Primary and secondary stream bank materials were categorized
for all geomorphic reaches based on observations in the field. Categories were determined
based on estimates of relative surface area covered by different size classes of sediment or
approximate volumetric estimates where sand and fines were the only size classes present.
Primary substrate refers to the most common size class, and secondary substrate refers to the
second most common size class.
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Figure A1. Models for Determining Channel Evolution.
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Primary and secondary bank materials were categorized using the categories listed in
Table A-4.
Table A-4. Bank Material Categories.
Category

Size Class

Fines

<63 microns (0.063 mm) estimated

Sand

63 microns – 2 mm

Gravel

2 mm – 32 mm

Cobble

32 mm – 256 mm

Boulder

>256 mm (approximately 10 inches)

Bedrock

Non-alluvial bedrock

Cohesive fines

Non-alluvial erosion resistant clays

Active Bank Erosion - Field crews recorded the banks that were showing significant areas of
erosion using the following notes.
x

None – little or no bank erosion in the reach

x

Left bank – bank erosion concentrated on the left bank (looking downstream)

x

Right bank– bank erosion concentrated on the right bank (looking downstream)

x

Both banks – active bank erosion on both banks

Percent Eroded Banks - Field crews estimated the overall percentage of stream banks where
erosion was occurring and classified it using the following categories.
x

Less than 5 percent

x

5 to 30 percent

x

30 to 60 percent

x

60 to 100 percent

The ranges for percentage of eroded bank were borrowed from the bank stability protocol for
high and low gradient streams described in the EPA’s Rapid Bioassessment Protocols for use in
Streams and Wadeable Rivers (EPA 841-B-99_002, EPA 1999). An excerpt from that document
is shown in Figure A-2. According to the EPA protocol, streams with less than 5 percent
eroded banks are considered stable, streams with 5 percent to 30 percent eroded banks are
considered moderately stable, streams with 30 percent to 60 percent eroded banks are
considered moderately unstable, and streams with 60 percent to 100 percent eroded banks
are considered unstable.
Bank Stability - Bank stability was also described using a protocol developed by Henshaw
(1999) and summarized by Scholz and Booth (2001) that classifies a stream reach as stable,
slightly unstable, moderately unstable, or completely unstable based on indicators such as
bank vegetation; undercutting, erosion, or scalloping; exposed tree roots and downed trees.
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An additional category, forced stable, was included to describe banks that have been
stabilized by unnatural processes such as armoring with riprap. Scholz and Booth (2001)
summarize their protocol categories as shown in Figure A-3.

Figure A-2. Percent Eroded Bank Categories, as described in EPA 841-B-99-002 Rapid
Bioassessment Protocols For Use in Streams and Wadeable Rivers (EPA 1999).
Photographs - Photographs were taken of representative conditions within each reach.
Notes/Sketches - Notes and/or sketches were taken to more completely describe the
geomorphic and riparian setting and processes at work in each reach. Notes often included
mention of the interaction between hillslope and fluvial processes, the impact of LWD on the
channel form, and potential to respond to changes in watershed hydrology or local land use.

Large Woody Debris Characterization
LWD was surveyed during the float trip on July 31, 2013. Key pieces and Medium sized pieces
of LWD were defined based on parameters set forth in Fox and Bolton (2007) and by the USFS
(1998).
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Figure A-3. Bank Stability Classification Criteria, as summarized by Scholz and Booth
(2001).
Fox and Bolton (2007) provide baseline information for an alternative means to assess LWD
stability. Fox and Bolton surveyed and cataloged a number of Cascade Range river systems
and compiled information from existing research that documented the volume of individual
key log members. Key log members are defined as “proportionately large individual logs” that
are “independently stable and resist entrainment by moderate floods.” These logs “function
to provide the primary catalysts for smaller wood retention and jam formation”. Their
summary of key member size is shown in Table A-5.
A Key Piece for a river with Bankfull width similar to the lower White River (30 to 50 meters
or 98 to 164 feet) was defined as a log having an intact rootwad and overall volume of at least
10.5 cubic meters (Fox and Bolton 2007). Examples of the dimensions of a log meeting this
criterion include: 2.5 feet in diameter and over 75 feet in length, 3 feet in diameter and over
52.5 feet in length, 4 feet in diameter and over 29.5 feet in length, and 5 feet in diameter
and over 19 feet in length. Historically, LWD of this size and larger would have been common
in the lower White River. Medium pieces of LWD were defined as those logs having a diameter
greater than 1 foot and length greater than 35 feet (USFS 1998).
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Table A-5. Key Wood Member Definitions from Fox and Bolton (2007).
Minimum Piece Volume to Define Key Pieces (all regions)
Bankfull Width Class

Minimum Piece Volume (m3)

0-5 m

1*

>5-10 m

2.5*

>10-15 m

6*

>15-20 m

9*

>20-30 m

9.75

>30-50 m

10.5**

>50-100 m

10.75**

* Existing WFPB (1997) definitions
** Wood piece must have an attached root wad.

In addition, accumulations of LWD were mapped on available aerial images from 2011. Visible
LWD on the aerial images was categorized as either a Large Accumulation (defined as a
significant accumulation of LWD, typically with more than 10 visible pieces, covering a
relatively large area), Small Accumulation (defined as a small number of logs, typically less
than 10, located in the same area), or a Single Log (defines as an individual log visible on the
aerials). Aerial images taken during turbid flows made counting submerged wood impossible,
so the overall amount of wood seen in the survey cannot be considered accurate. However,
the analysis does allow for comparison of relative LWD density between adjacent sections or
subreaches of the channel.

Fish Habitat
Stream Habitat Complexity - Stream habitat complexity is a metric used to distinguish
between a channel that is naturally diverse and one that has become uniform and simplified
through natural or anthropogenic influences. A quantitative field method that is both quick
and comprehensive was not available for assessing stream channel complexity. Therefore, a
qualitative metric with specific guidelines for visible assessments of channel topography and
habitat diversity (McBride 2001) was used. The metric was determined to provide the most
rapid and complete method for assessing whether the physical channel conditions were
consistent with the existing and designated beneficial uses, which include salmonid spawning
and rearing habitat. Although the metric is qualitative and subjective, the same observers
applied the metric to all sites; therefore, the results should be consistent for use in this
analysis. The channel characteristics used for classifying stream habitat complexity are shown
in Table A-6.
Mesohabitat Delineation - Mainstem mesohabitat types were also delineated as part of
the field effort. For the purpose of this analysis, four habitat types were considered: pool,
glide, run, and riffle. These habitat types were defined by the gradient, channel shape,
and substrate distribution. To be considered, the mesohabitat type had to be longer
(longitudinally) than half of a typical channel width.
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Table A-6. Stream Habitat Complexity Classifications.
Classification
Excellent

Channel Characteristics
Diverse and complex structure
Variety in channel units (pools, riffles, glides)
Side channels and/or debris jams present
Diverse microtopography
Variable channel geometry

Good

Less diverse and complex structure
Some variety in channel units
Side channels and/or debris jams less frequent
Some heterogeneity in microtopography and channel geometry

Fair

Little diversity or complexity in structure
Little variety in channel units
Very few side channels and/or debris jams
Little heterogeneity in microtopography and channel geometry

Poor

Simple structure
No variety in channel units
No side channels or debris jams present
Very little variety in channel geometry
Homogeneous microtopography

Source: McBride (2001)

For the purpose of this characterization, the pool is the lowest gradient of all four
mesohabitats. The pool mesohabitat is characterized by a hydraulic control at its downstream
end. The upstream margin of the pool lies on a line containing the same absolute bed
elevation as the downstream margin. Hence, if the flow from upstream is stopped, the pool
would still hold water (residual water). Typically, pools have a concave channel, uniform
primarily fine substrate and a tranquil water surface.
The glide is characterized by intermediary gradients between the riffle and the pool. The
glide usually has fine sediment at the bottom. The glide is also characterized by a glassy
water surface.
As with the glide mesohabitat type, the run is characterized by intermediary gradients
between the riffle and the pool mesohabitat types; it has a higher gradient than the glide.
Runs are moderately turbulent, with a disturbed water surface and a mix of substrate sizes
(fine sediment and small gravel).
The riffle has the highest gradient of all four mesohabitats. In terms of water depth, the riffle
is shallower than the other mesohabitats types and with higher water velocity due to its
gradient.
For the purpose of this characterization, the cross section of the White River channel can
have more than one mesohabitat type as long as the length of these habitats is more than half
of the channel.
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APPENDIX B
Photographic Documentation

LOWER WHITE RIVER PHOTOGRAPHIC LOG
Photo
Number
1

Photo Description
Oblique aerial view of the Lower White River Valley, from Nason Ridge, facing northwest, showing
the landscape and geographic context of the study area

2

Bank deposits showing the curved profile of layering, indicating a former channel that was filled with
sediment

3

Submerged legacy log and rare location of talus forming the river bank (right bank) (RM 4.1)

4

Recent and transient accumulation of downed wood near RM 4.8

5

View of Little Wenatchee River Road Bridge, showing center pier, piles from old bridge in channel,
and riprap abutments

6

Aerial photo from 1938

7

Aerial photo from 1966

8

Aerial photo from 1985

9

Log and boulder weir at RM 1.7

10

Subreach 1 typical conditions: Low velocity water and vegetation conditions near the river outlet

11

Subreach 2 typical conditions: Downstream of bridge

12

Subreach 2 typical conditions: Little Wenatchee Road Bridge

13

Debris flow deposits in Subreach 2

14

Detail of Debris Flow Deposits in Subreach 2

15

Subreach 3 typical conditions: Erosion on both banks, slight riffles and LWD

16

Subreach 3 typical conditions: LWD accumulation and recruitment

17

Bank Erosion at Grant PUD site, left bank, RM 2

18

Wetland conditions in oxbow wetland, right bank, RM 5.2

19

Natural outlet of floodplain wetland, right bank, at RM 4.8, showing discharge conditions

20

Natural outlet of floodplain wetland, right bank, at RM 4.8, showing vegetation conditions

21

Natural outlet of floodplain wetland, right bank, at RM 4.8, showing confluence conditions

22

Conditions within floodplain wetland, right bank at RM 4.8, showing emergent, shrub and forested
vegetation communities

23

Conditions within floodplain wetland, right bank at RM 4.8, showing detail of emergent vegetation and
adjacent talus and groundwater springs

24

Conditions within floodplain wetland, right bank at RM 4.8, showing emergent vegetation diversity
and interface with shrubby vegetation
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Photo
Number

Photo Description

25

Black bear tracks at natural outlet of floodplain wetland, right bank, at RM 4.8

26

Condition of ditch outlet on left bank, RM 4.6, showing elevation above river water on July 31, 2013

27

View of culverted wetland outlet, right bank, RM 3.4

28

View of ditch system inlet on left bank at RM 2.6, from inside inlet, looking out to the river

29

View of ditch system inlet on left bank at RM 2.6, from near mouth of inlet, facing north

30

View of ditch system within forested area

31

View of ditch system in pasture area, upstream of road

32

View of ditch system in pasture and wetland area, downstream of road, showing main culvert
discharge area

33

View of ditch system in pasture and wetland area, downstream of road, showing secondary culvert
discharge area

34

View of ditch system in pasture and wetland area, downstream of road, showing secondary culvert
discharge area and sediment deposition

35

View of shrub and emergent wetland conditions in proximity to ditch system

36

View of emergent wetland conditions in proximity to ditch system

37

View of ditch system outlet discharging tannin-stained water into the White River at RM 1.8, left bank

38

View of ditch system culverted outlet into the White River at, left bank, immediately upstream of the
bridge

39

Aerial view of the lower ditch system on left bank, oxbow wetland and outlet on right bank, and log
weir at RM 1.7

40

View of oxbow wetland outlet

41

View of pastures and adjacent forests near Little Wenatchee Road

42

View of young mixed riparian forest

43

View of early seral (sapling) black cottonwood colonizing bar

44

View of older cottonwood forest

45

View of young aspen forest

46

View of forest with cottonwood canopy and conifers in understory

47

View of forests with mixed conifer and deciduous canopy

48

View of older conifer forests along river in subreach 3

49

View of older conifer forests along river in subreach 2

50

Beaver activity

51

Beaver haul trails

52

Side channel at RM 5.3, right bank. Dominated by reed canarygrass
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APPENDIX C
Large Format Maps of the Study Area
and Restoration Opportunities
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Figure C1. Sheet 3 of 3.
Key Features and Floodplain
Connection Points in the Lower White
River, Chelan County, Washington.
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Figure C2. Sheet 1 of 3.
Restoration Opportunities in the
Lower White River, Chelan County,
Washington.
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APPENDIX D
Forestry Technical Study
(by Shellhaas Forestry)

Forestry Assessment Overview
As discussed in the main body of this report (primarily Sections 3.4, 3.5, and 4.5), the forest
is a critical component in the river and floodplain functions in the lower White River valley.
Once dominated by large stands of old growth western red cedar, this forest was cleared by
the early 1910s, followed by uncontrolled slash fires that burned extensive timber in the
vicinity. Large areas were converted to pasture (to support stock for logging further up valley)
and log jams were systematically cleared from the river channel. Large-scale timber harvest
continued into the 1980s, with much of the study area cleared to the river’s edge between
1970 and 1980. The current condition of the floodplain forest is a very heterogeneous mixture
of species and stand types.
One key restoration opportunity (Section 6), and one with the longest-term effects, are
actions that move the forest toward the re-establishment of a forest of similar composition
and structure to that which occurred prior to the harvests of the early 1900s. That forest
provided volumes and dimensions of wood to the river and floodplain far beyond the capacity
of today’s forest. That wood, and the hydrologic complexity and habitat it represents created
an in-stream and side-channel interface that is nearly absent in the river today. When the
river overbanked in the mid-1800s, it would have flowed (with logs) into a labyrinth of giant
trees and huge downed logs. Certainly that interaction would have been far different than
its current path through younger stands, extensive brush, and pastures. Although it will take
centuries for the forest to completely re-establish historic structure, actions in the near-term
can encourage the progression of the existing forests towards a species composition and
structure similar to the original stand. In order to understand the composition and condition
of the existing forest and to compile sivicultural recommendations for restoration action, a
professional forester, Richard Schellhaas, was contracted to assess vegetation conditions in
the study area. His forest assessment (provided in full following this overview) identified six
overall stand types in the assessment area based on species composition and logging history
(including presence of stumps), amidst a very jumbled and heterogeneous mixture of forests:
1. Stand Type 1: Non-forest (brush) with no stumps evident
2. Stand Type 2: Hardwoods (deciduous trees) with no stumps evident
3. Stand Type 3: Hardwoods with stumps evident
4. Stand Type 4: Some Conifers (mixed with hardwoods) with stumps evident
5. Stand Type 5: Mostly Conifers with stumps evident
6. Stand Type 6: Some Conifers (mixed with hardwoods) with no stumps evident
The sampling points that represent each of these stand types are presented in Figures D-1 and
D-2. The sampling points are overlain on aerial photographs from 1938 (Figures D-3 and D-4),
1966 (Figures D-5 and D-6), and 1985 (Figures D-7 and D-8) to provide historical context on
the previously harvests and development of these stands.
Restoration actions for each stand type are detailed in the full report and summarized in
Table D-1. Stand types 1 and 5 will require specific on-site guidance by a forester to prepare
site-specific forest management plans, identify suitable species and planting locations (Stand
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Types 1 and 5) and appropriate trees to remove by thinning (Stand Type 5). For Stand Types 3
and 4, treatment options for establishment of conifers in hardwood forest and brush areas are
also detailed in the full report, summarized in Table D-2, and presented schematically in
Figure D-9. Stand Types 2 and 6 are not forest restoration priorities.
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Table D-1. Summary of Forest Restoration Recommendations.
Stand
Type

Overall Restoration Recommendation

Restoration Considerations

1

Re-establish conifer forest (See Hardwood and

Treat areas where suitable water table conditions

2

Brush Treatment Options below) in strategic

occur for the target species (higher elevation terraces

areas (along riverbanks, old roads, other easy

and hummocks, old road grades. Retain extensive

access areas). Overall Priority 4.

patches as wildlife habitat and structural diversity

Allow natural stand progression to continue. The

Declining aspen stands could be revitalized by

site is not optimized for conifer establishment.

controlled fire, or stem treatment (cut down old stems
to stimulate new shoot growth).

3

Top priority for restoration. Re-establish conifer
forest (See Hardwood and Brush Treatment
Options below) where feasible.

4

Priority 2 for restoration. Re-establish conifer

Thin hardwoods and brush near existing pockets of

forest (See Hardwood and Brush Treatment

conifers.

Options below) where feasible.
5
6

Priority 3 for restoration. Overall well on the

Some stands could benefit from thinning and removal

trajectory towards restoration.

of grand fir from understory.

Allow natural stand progression to continue. The

Conifers appear to be establishing where suitable

site is not optimized for conifer establishment.

conditions exist.

TableDͲ2.

HardwoodandBrushTreatmentOptions.

Treatment Option

Pros

Cons

1: No treatment

No cost.

Will take decades to centuries to reestablish conifers, and grand fir may
dominate for decades to centuries further
before transition to red cedar

2: Hardwood and brush

Opens areas in the canopy for new

Requires use of mechanized equipment

removal, with natural

tree establishment

(expense).

regeneration and spot

Without site prep (exposure of mineral soil,

planting

see Option 3), hardwoods and brush are
likely to re-establish.

3: Hardwood and brush

Opens areas in the canopy for new

Higher cost due to multiple actions (harvest,

removal, with site prep and

tree establishment

followed by clearing to mineral soil), which

replanting (see Figure D-3)

Immediately creates soil conditions

could be minimized by occurring during

that support conifer regeneration.

same equipment mobilization.

4: Hardwood removal,

Opens areas in the canopy for new

May take 2 or more years. Requires

graze as site prep, and

tree establishment

management of livestock.

replant

Eventually (over 2 or more years)
creates soil conditions that support
conifer regeneration.
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Figure D-1.
Forestry Assessment Map - Sheet 1,
Lower White River Floodplain Restoration,
Chelan County, Washington.
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Figure D-2.
Forestry Assessment Map - Sheet 2,
Lower White River Floodplain Restoration,
Chelan County, Washington.
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Figure D-3.
Forestry Assessment with 1938 Aerial Sheet 1, Lower White River Floodplain
Restoration, Chelan County, Washington.
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Figure D-4.
Forestry Assessment with 1938 Aerial Sheet 2, Lower White River Floodplain
Restoration, Chelan County, Washington.
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Figure D-5.
Forestry Assessment with 1966 Aerial Sheet 1, Lower White River Floodplain
Restoration, Chelan County, Washington.
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Figure D-6.
Forestry Assessment with 1966 Aerial Sheet 2, Lower White River Floodplain
Restoration, Chelan County, Washington.
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Figure D-7.
Forestry Assessment with 1995 Aerial Sheet 1, Lower White River Floodplain
Restoration, Chelan County, Washington.
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Figure D-8.
Forestry Assessment with 1995 Aerial Sheet 2, Lower White River Floodplain
Restoration, Chelan County, Washington.
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A Report to Herrera Environmental Consultants, Inc.
Prepared by Richard Schellhaas, Schellhaas Forestry, LLC

Regarding
Forest vegetation characteristics and management recommendations along the White River flood plain
for the Cascade Columbia Fisheries Enhancement Group.

Stand Sampling
In March and April 2014 a total of 1,453 trees were measured on
119 1/20th acre fixed radius/20 BAF plots that were assigned then
located with GPS within 36 designated polygons. These polygons
ranged in size from less than an acre to 66 acres and covered
several land ownerships. The number of sample plots per polygon
ranged from one to ten. All sample points were distributed in
order to represent as many stand types as possible as well as allow for observations throughout the
polygon (see Map 1). Due to the variability within each polygon,
stratified systematic or truly random sampling would have entailed
much more intensive sampling.
The results of this data should help in the restoration of the White
River floodplain back to a more historical forested landscape.

Past Management
There have been several logging entries within all polygons. The earliest logging which removed all the
overstory western red cedar dates back to around 1910 with evidence of very large (3’ to 13’) western
red cedar stumps. Spring board notches are still evident on these tall stumps.

Based on tree core analysis of tree ring release dates from trees growing next to cut stumps and total
ages, other logging entries occurred in 1950’s, 60’s and again in the late 1970’s. These entries removed
most of the second or sometimes third growth overstory. Most of the current age cohort of overstory
2

cedar came in following the 1950’s logging and is around 60 years old. Younger cohorts follow each of
the logging entries. Only a few older cedar trees were found up to 115 years old.

Current Conditions
The current major overstory species are Black Cottonwood (Populus balsamifera spp trichocarpa),
Quaking Aspen (Populus tremuloides), Red Alder (Alnus rubra) and Western Red Cedar (Thuja plicata).
There is a very dense understory of advanced tall brush, mainly vine maple (Acer circinatum), red-osier
dogwood (Cornus stolonifera) and hawthorn (Crataegus douglasii). These hardwoods are all considered
“pioneer” species which are very shade intolerant and disturbance dependent. Most of this dominant
hardwood overstory has developed following removal of the original western red cedar stands. The
hardwood areas with old cut stumps show the previous conifer stand ranged from 20 to 120 trees per
acre. Subsequent hardwood species have now dominated these areas with a dense brush understory
which inhibits regeneration of conifers.

However, there are several of these hardwood/brush areas with no apparent evidence of previous
logging. Some of these areas are large black cottonwood groves extending over several acres while
others may be smaller thickets of quaking aspen. These areas may be “natural” brush/open pockets
possibly due to conditions not conducive to conifer growth. These areas help with natural
heterogeneity across the landscape.

Other species of conifers which are a minor component in the area include Douglas-fir (Pseudotsuga
menziesii), western white pine (Pinus monticola), lodgepole pine (Pinus contorta), ponderosa pine
(Pinus ponderosa), western hemlock (Tsuga heterophylla), Englemann spruce (Picea englemannii),
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pacific yew (Taxus brevifolia), silver fir (Abies amabilis), and to a greater degree, grand fir (Abies
grandis).
Grand fir constitutes a fair portion of the conifer regeneration and
initiation throughout the area. This is an opportunistic species
which is shade tolerant, quick to sprout and grow and could
eventually dominate the landscape.
The majority of the White River floodplain area is dominated by
hardwoods (76%) and only 24% conifers in small patches and
“stringers” with a very dense advanced brush understory layer.
Most of these forest stands are in the western hemlock plant association: THPL/OPHP (Thuja
plicata/ophlapanax horridum) western red cedar/devil’s club and TSHE/ASCA3 (Tsuga
heterophylla/Asarum caudatum) western hemlock/wild ginger (Lillybridge
et al, 1995).
Tree ages and tree heights indicate these stands are on very good growing
sites (Site Class I and II), 100 year Site Index >120’ and >101’ – 50 year
>86’ and 72’ respectively. Many of these trees exceed 130’ in height with
some > 150’ tall.

Forest Health and Fire
The main forest health issue in the study area appears to be western red cedar heart rot, possibly pencil
rot, which is the result of injury to the cedar bole and roots as could happen from logging equipment.
As a result of fire suppression, logging and grazing starting around 1910, eastern Washington forests
have been dramatically altered. Both stocking levels and species composition have changed (Everett et
al, 1996) with trees in the ponderosa pine, Douglas-fir, grand fir series increasing in density by 422%
(Everett et al, 2007) favoring climax species.
Forests are no longer in sync with the inherent historical fire regime (Everett et al, 1996, 2000). Even
though this research pertains to drier Douglas-fir sites, the forest stand along the White River flood plain
were once dominated by large, older western red cedar which had longer fire free intervals of greater
than 50 years (Arno, 1985).
Fire scars on remnant snags and stumps are evidence of these disturbance patterns. The 1915 slash fire
which escaped is evident as char on many of the old cut stumps and snags.
Fire frequencies were less in riparian forests, but fires in riparian forests were more severe (Everett et al
2003) possibly due to more years of fuel build up. However, some lower elevation broad valley bottom
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riparian forests did experience more frequent fires, assumed to be a result of Native American burning.
“Indian ignitions substantially increased fire occurrences in lower elevation forests in and near major
valleys (Barrett and Arno, 1982). A fire history of the adjacent side slopes may better define this fire
regime.
The change in density and species composition has created a forest health problem, putting these
stands at risk for both insects and disease (Flanagan 1998). Maintaining tree radial growth rate at less
than 15 rings per inch will ensure more vigorous, healthy trees which in turn can help resist insect and
disease attacks (Hall 1983).

Analysis
Although data was collected by polygon, the plots were consolidated to represent similar stand types
throughout the study area. The presence of stumps was noted in and around each plot to help
determine historical conditions in that area and help delineate stands that need to be brought back to
western red cedar. Six stand “types” were indentified based on the presence or absence of stumps and
trees as well as the tree species composition.
1. Non-forest, no observed stumps and only brush or forbs as land cover
2. Hardwood trees with no observed stumps
3. Hardwood trees with stumps present
4. Predominantly hardwood trees with areas of conifers and stumps present
5. Predominantly conifer trees mixed with hardwoods and stumps present
6. Hardwood trees with some conifer but no observed stumps
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Stand Type 1
Non-forest – no stumps

Blue dots represent plots sampled showing this stand type

These non-forested areas occur throughout the flood plain and are totally dominated by advanced, tall
brush species. Some were so dense they could not be navigated through to confirm the presence of
stumps. Depending on the water table of these sites, they could be left as “natural” or reforested with
adequate site preparation.
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Stand Type 2
Hardwoods – no stumps

Type 2 stands are dominated by hardwoods with the majority (53%) as aspen, 30% alder and 17%
cottonwood. We observed no evidence of stumps. We recommend not converting these stands to
conifer. Any management in these stands should be for forest health and carried out during the
dormant season.
There is an average of 282 TPA (trees per acre) with 200 TPA smaller than 8” DBH (diameter at breast
height) (70%). The large diameter trees are all black cottonwood. Some of these stands show signs of
decline or disease. To stimulate and improve the forest health in some of the declining aspen groves,
maybe the US Forest Service would be willing to underburn some of these stands. Another option
would be the use of a tracked “mulching” machine for tree removal and root stimulation to help
promote a new stand.
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trees per acre

Stand Type 2 Areas with no stumps or conifers
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34.6
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29.2
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Stand graphics by Stand Visualization System
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Stand Type 3
Hardwoods with stumps

These stands were once dominated by overstory western red cedar that have been clear cut logged.
The current stands now consist of a hardwood dominated overstory at 309 TPA of black cottonwood
(51%), red alder (32%) and quaking aspen (17%). The understory layer is a patchy brush layer of red twig
dogwood and vine maple.
Some of these stands are declining and may have reached or are near their maximum longevity.
These type 3 stands are first priority for forest restoration work to shift species balance back to western
red cedar dominance.
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Stand Type 3 Stumps no conifers
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Stand Type 4
Some conifers with stumps

At 331 TPA only about 20% of this stand type consists of conifers – western red cedar at 19% with 2%
grand fir and less than 1% Douglas-fir and western hemlock. The majority is stocked with hardwoods
(26% alder, 28% cottonwood and 25% aspen. These represent the patchiness of same areas with a
mixture of all species in small clumps or narrow stringers of cedar. The numbers of small diameter cedar
trees is an indication that they may be expanding to eventually dominate in patches.
The fact there is evidence of cut cedar stumps throughout the hardwood area shows that this used to be
a more dominant cedar forest. This forest type is priority 2 for restoration.
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Stand Type 4 Stumps some conifer
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Stand Type 5
Mostly conifer with stumps

These 196 TPA stands are dominated by conifer species (78%) at 152 TPA with basal area greater than
300 sq. ft. per acre. The species composition is 58% cedar, 16% grand fir and 4% Douglas-fir. Note the
large diameters represented with trees greater than 20” DBH. Some were as large as 72”. Trees are
growing very well at 5 to 10 rings per inch in most areas though some dense patches have slowed to
greater than 15 rings per inch..
The cedar stands in polygon 75 resulting from the 1910 clear cut are now about 90 to 100 years old.
Tree ages on most larger cedar were difficult to obtain due to heart rot. This stand is well stocked at
114 TPA with overstory and understory layers that represent the goal of cedar restoration in other
stands. This could be used as a model in stand types 3, 4 & 5.
There are many large old stumps with springboard notches that could be documented and left as a
cultural site. These stands are priority 3 for treatment. Some overstocked stands could use some
thinning and our recommendation would be to remove most of the understory grand fir to maintain a
dominance of western red cedar.
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trees per acre

Stand Type 5 Conifer stands
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Stand Type 6
Some conifers and hardwoods with no stumps

This type with 242 TPA is represented by a dominance of hardwoods, 66% aspen, 10% black cottonwood
and 7% alder with only 17% smaller conifers (grand fir 2%, cedar 10% and white pine 5%).
These younger conifers may be encroaching into areas that were originally hardwoods, or the lack of
larger hardwoods may indicate that both tree types are encroaching into an area that originally was
non-forested. We recommend these stands also be left to natural progression.
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Stand Type 6 Some conifers no stumps
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Forest Restoration
With a long range goal of restoring a more natural forest and shifting the species balance from
hardwoods back to a cedar dominated forest, there are several management options. Uneven aged,
multi-layered stands which contribute to wildlife habitat and diversity are the goal. These options refer
to hardwoods in stand types 3, 4 and portions of 5 only. All management activities must follow county,
state and federal regulations, especially along streams, wetlands and riparian areas. A DNR alternate
plan could be written.

Option 1 No treatment
Wait for the natural succession of western red cedar to eventually become established. This process will
take many decades up to hundreds of years. Grand fir will also establish in some areas rather than
cedar. Most of these areas have had 60 years since the last logging disturbance and cedar is dominant
in only small patches or totally absent.

Option 2 Hardwood reduction with natural regeneration or spot replanting
In late fall or winter, on dry or frozen ground, when the trees are dormant to avoid bark slippage on
conifers, thin or patch cut the hardwood stands removing up to 80% of the trees. This will open the area
and create site disturbance from logging equipment that would expose mineral soils in some areas for
natural cedar regeneration or replanting.
A preferred method of harvest for red alder is clear cutting or patch cutting due to stem damage and
resultant disease susceptibility from equipment.
This option may result in patchy or strip conifer stands where equipment disturbance occurred.
Relying on natural regeneration without site prep will probably result in regeneration of a fresh
hardwood crop and brush that will again dominate the stand.

Option 3 Hardwood removal, site prep a nd replanting
Clear cut or patch cut the hardwood stands in late fall or winter removing greater than 80% of the
overstory, except along stream banks, followed by mechanical site prep and brush removal for hand
planting of western red cedar seedlings. It is not necessary to remove the entire understory brush layer.
Cut “holes” within these dense brush fields by mechanically removing brush plants (roots & all) on a 20
foot to 30 foot spacing scattered throughout the area with site prep large enough (10’ to 14’ diameter)
to plant several seedlings in each opening.
Use large planting stock to help ensure a head start above the brush competition and choose site prep
and planting spots where there is less brush. Whenever possible, plant seedlings next to stumps in
order to take advantage of their shading and spacing. Up to 10% of the replanting stock may be mixed
species such as Douglas-fir, Englemann spruce, and rust resistant white pine for a more natural stand.
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Western red cedar seedlings are very vulnerable to browsing by deer and elk and may need protection
with either tubing or repellants. Small patches within dense brush fields may need less protection due
to difficult access by big game.
Possible proceeds from commercial thinning these hardwoods could help offset the costs for site prep
and reforestation. If there is no commercial value or return, the cut trees could be used for both wildlife
and fish habitats.
Young western red cedar can grow well in partial shade as from the brush layer, but will achieve the best
growth without an overstory layer of hardwood trees. Vegetative competition will be the greatest
challenge for these young trees.
Regenerating cedar can be very expensive and difficult due to the site preparation required and the
browsing problem. Also limited access may be an issue. Since establishing new cedar stands where
success rates may be low and expenses high, maybe small pilot project areas could be tested before
investing a lot of time and money. Learning from these test reforestation projects may lead to a more
successful large scale attempt.

Option 4 Hardwood removal, graze, then reforest
Another option for site prep would entail cutting of the hardwood overstory as in Option 3, then grazing
goats on the selected landscape long enough to knock down and halt vigorous regeneration of
hardwood species and brush. This could take two to several years. When competition is abated, hand
cut any remaining grand fir seedlings or saplings, leave any other conifers, then replant entire stumped
area with 90% western red cedar, 10% mixed seedlings on a 14’ by 14’ spacing, or 220 trees per acre.
With this option we could expect to have the most browsing damage to the seedlings from big game by
removing other protective vegetation, but may show the most rapid conifer growth due to lack of
competition.

Management of the conifer stands
Groves of overstocked conifer trees respond well to thinning and release. Non-commercially thin out
the grand fir trees less than 12” DBH and thin the smaller diameter western red cedar on a 16’ to 20’
spacing (170-110 TPA). Prefer western red cedar and Douglas-fir as leave trees. Do not thin on a “grid”
but vary spacing. Prune limbs to ensure 8 foot distance from limb tips to ground vegetation and
remove all live and dead brush that poses a threat as ladder fuels.
To minimize mechanical damage to tree roots and boles that could lead to heart rot, thinned trees can
be left on site. Lop and scatter by cutting off all limbs, cut top off and buck up the main stem into 8’ to
12’ lengths. This will recycle nutrients and put the slash closer to the ground allowing for faster
decomposition and less threat to fire spread.
In 20 years, or when radial growth rates have slowed to greater than 15 rings per inch, these stands
could be commercially thinned to reduce the stocking levels to an average of 60 large trees per acre (27’
spacing)in order to make room for the new understory stand of thinned and planted trees.
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Any commercial entry or use of heavy, mechanized equipment should be done when trees are dormant
and soils are dry or frozen to avoid soil compaction and bark slippage.
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Hardwood Species
This general information is included as a brief summary on species that we have recommended leaving
in some areas.

Black Cottonwood
This moisture dependent species reaches maturity and maximum growth at about 60 years of age. It
grows quickly to maintain a dominant crown position for maximum light. Cottonwood can sprout from
stumps and roots or root from buried limbs. It will quickly colonize disturbed areas but due to a
relatively short lifespan will eventually be replaced by other species without continual disturbance to
rejuvenate the stand.
Trees are subject to damage by late frost, ice storms, heavy snowfall and wind damage if taller than
competing vegetation.
Black cottonwood provides structure for aquatic habits when fallen into streams. Live trees provide a
source of food and material for beaver dams and are superior wildlife trees in riparian areas. Tree top
and limb breakage initiates fungal decay which produces ideal conditions for cavity nesting birds or
mammals. Twigs and buds are also important wildlife food.
Commercial uses for the wood include decking for large trailer beds, veneer, pulp, pallets, boxing and
crates.

Red Alder
Red Alder is noted for its nitrogen fixing capabilities which along with decomposing leaf litter and
downed wood enriches forest soils and streams. They are also short lived trees at 60 to 80 years and
depend on disturbances such as flooding, fire, landslides or fire to rejuvenate stands. Red alder joins
western red cedar and western white pine in their immunity to many root rots, especially Phellinus
weirii which affects many other trees.
Red alder is a thin barked tree which is highly susceptible to mechanical injury, so thinning stands
greater than 20 years old is not recommended. A preferred method of harvest is clear cutting or patch
cutting. Due to the isolation and limited access to some of these small patches, it may be better to let
the natural succession take place.
Commercial uses for red alder include furniture, cabinets, trim, pulpwood and firewood.

Quaking Aspen
Another disturbance dependent species, this one, like many of the conifer stands in eastern
Washington, has been dramatically altered by fire suppression. Aspen stands regenerate mainly from
root sprouts. Restoration of older stands can be accomplished by stressing the trees to stimulate the
root system, such as fire or cutting some trees down. Burning the stand may reduce pathogens which
cause aspen decline.
20

Many aspen stands have declined due to encroaching conifers which do not allow enough light.
Removing the conifers would improve conditions for the aspen.
Aspen stands provide vegetation diversity, forest products, aesthetically pleasing fall colors and wildlife
habitat. Many species browse aspen shoots or eat the buds. Aspen also provide more riparian
“recharge” than conifers due to low moisture interception and transpiration. Aspen stands make
excellent shaded fuel breaks due to the lack of understory and ladder fuels.
Commercial uses for aspen include pulp and particleboard. Aspen wood does not tend to splinter which
makes it an excellent wood for novelty items and playground structures.
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Dear White River Resident,
As the Director of the local Cascade Columbia Fisheries Enhancement Group (CCFEG), one of
Washington’s fourteen non–profit Regional Fisheries Enhancement Groups (RFEG), I am writing to
introduce CCFEG and to provide continuing information on our Lake Wenatchee-area projects.
In 1990, the Washington State Legislature created the RFEG Program to involve local
communities, citizen volunteers, and landowners in the state’s salmon recovery efforts.
CCFEG works throughout North Central Washington on a wide range of projects including:
x opening blocked salmon/trout spawning habitat by removing undersized culverts,
x planting trees to provide shade and stability to streams,
x engineering assessments, and
x conducting water quality monitoring.

Gilbert Biles
WVFF
Wenatchee

In addition to stream habitat restoration and assessment projects, we also host and support
educational events such as free community movie nights, guest speakers, fish dissection in
classrooms, Kids in the Creek, and participate in annual events such as Wenatchee River Salmon
Festival and Ponderosa Watershed Fair.

Phil Archibald
USFS Retired
Entiat Valley

History of Salmon in the Columbia and Wenatchee Basins

Ken Bevis
Citizen/WADNR
Twisp
Staff
Jason Lundgren
Executive Director
Leavenworth
Matt Shales
Project Manager
Wenatchee

Over the past century, numbers of Pacific salmon returning to the Columbia Basin have declined.
Annual numbers of salmon and steelhead returning to the Columbia Basin to spawn, once estimated
to range from 10-16 million, were recently reported at about 1 million fish annually (NPCC 2001) 1.
As a result of these declines, many stocks of salmon and steelhead have been extirpated and/or
listed for protection under the Endangered Species Act. In the Wenatchee watershed, spring
Chinook were determined to be Endangered in 1999; steelhead and bull trout were listed as
Threatened in 2009 and 1998, respectively. The reasons for this precipitous decline are often
grouped into four major categories known as the 4-H’s: Harvest, Hydropower, Hatcheries, and
Habitat.

With the completion of the Grand Coulee Dam in 1941, salmon lost access to nearly 1,000 miles of
vital spawning and rearing habitat. This also marked the transformation of the Columbia from a
free-flowing river to a series of highly regulated reservoirs. This not only had a dramatic effect on
the salmon’s habitat and migration, but also introduced new predators that thrived in the lake-like
environments. Beginning in 1866, canneries and industrial salmon fishing techniques (e.g., fish wheels, horse drawn
seines) enabled harvesting much greater numbers of fish than previous methods. In addition to significant changes in
the mainstem Columbia, human settlement in the tributaries such as the Wenatchee Valley yielded additional
stressors to these fish. Extensive logging, agriculture, mining, grazing, and urban development also contributed to
further depressing local populations. Responding to the rapid decline in fish populations, Washington State began
collecting adult salmon for propagation in the early 1900’s, in part to supplement the booming cannery industry in
the lower Columbia. The belief was that over-harvest and habitat degradation/loss could simply be offset by
propagating salmon in hatcheries—a win-win for both commercial harvest and fish populations. Our understanding
of supplementation has evolved considerably in the last century and now we recognize the futility—and yet the
necessity— of continuing to mitigate for harvest and habitat loss with hatcheries.

Sean Koester
Outreach/Field Technician
Wenatchee

1

NPCC (Northwest Power Planning Council). 2000. Columbia River Basin Fish and Wildlife Program, Council document 2000-19.

As you are likely aware, there are many organizations working on all of the individual and collective facets of the
“4- H’s” of salmon recovery. For example, in the Wenatchee watershed Native American Tribes, Public Utility
Districts, non-profits, County, State, and Federal entities all play a role in recovering these species from the brink of
extinction. As part of this interconnected wheel, CCFEG focuses primarily on Habitat elements. We engage in
habitat restoration projects that are often brought to us by landowners, community groups, agency scientists, or that
have been identified through the locally-developed and federally-approved Upper Columbia Spring Chinook Salmon
and Steelhead Recovery Plan (http://www.ucsrb.com/theplan.asp). It is through this plan and the ongoing
coordination of stakeholders that projects receive support and funding.
Proposed Salmon Habitat Restoration Projects
Lower White River Wood Atonement

As part of our ongoing efforts to engage communities in our restoration work, I’d like to share some information
about two proposed projects in the lower White River. The first, which we’ve named the Lower White River Wood
Atonement project, was funded by the State Salmon Recovery Funding Board, Chelan PUD, and the US Fish and
Wildlife Service (USFWS) in December, 2011. The USFWS identified this project opportunity based on research
done on the White and Chiwawa Rivers. The lower White River, like most river basins in the West, experienced
decades of intensive timber harvest. Large clear cuts on private land, including to the river’s edge, occurred as
recently as the 1980’s.

Figure 1. Note major floodplain and upland clear cutting extending to edge of the active river channel between 1970 - 1985.
Little Wenatchee River Road shown on right and White River Road at the top.

Logging in the early years generally focused on harvesting trees along the river, as it provided the most efficient
method for transporting logs to the mills. The large trees along the lower White were indeed a mosaic of sizes but
included many large cedars, white pine, Douglas-fir, and Engelmann spruce, sometimes up to 8 feet in diameter!
These highly-prized trees were most easily transported to the mill by floating them downriver once they’d been cut
and skidded to the channel. Large, occasionally channel-spanning logjams were likely common on the lower White
and had to be dynamited to get the trees to the Lake or onward to Leavenworth. The loss of these riparian forests and
instream logjams resulted in a significant decrease in local fish and wildlife habitat. As a result of these changes, the
White River has down-cut vertically, reducing the frequency of flood flows on the floodplain and lowering the water
table.

Modern ecological research has documented the positive, symbiotic relationship of logjams, floodplains,
groundwater, forests and rivers; when any one of these fundamental components is altered, the consequences are felt
throughout the ecosystem and can be long-lasting. It is for this reason that we are proposing projects which attempt
to improve the whole ecosystem by restoring some of these basic components—persistent logjams and healthy
forests.

Figure 2. Log drive along the upper Wenatchee ca. early 1900’s
(Wenatchee Historical Society)

Figure 3. Tree house built on a large old growth
cedar stump – lower White River.

Beyond anecdotal accounts of logging and land-use in the lower White, we can piece together historical conditions
by relying on evidence still seen on the landscape such as large cedar stumps and old logjams embedded in the river
bank/bottom. Other information has also helped us assemble a clearer picture of the pre-settlement White River. By
using aerial photos (dating back to 1938), high-definition aerial topography (LiDaR), and by studying reference
conditions in similar, less-altered, local rivers such as the Chiwawa, the history of the White begins to unfold and
reveals how the effects of a century of human activity still persist today. Fortunately, all of the properties in our
project reach have been protected in perpetuity for conservation by the Chelan-Douglas Land Trust and WA
Department of Fish and Wildlife. We believe that the recovery of the White River could be accelerated through
some simple silvicultural and instream actions to improve its health.
The goal of our project is to reconstruct the role that the downed old growth trees and logjams once provided. Our
project proposes installing natural, untreated, vertically imbedded trees upstream of the Little Wenatchee Road
bridge for approximately two miles. We would install these pilings into existing logjams and in areas where eroding
banks would be helped by the accumulation of future wood. We also propose to “jump start” future accumulation
on the eroding banks by adding some whole trees pinched in-between the pilings to catch other logs and give them a
natural look. In order to minimize our construction footprint as much as possible, we’re proposing to access the site
using only boats and working entirely from the water. A company based in Plain has a specialized barge-mounted
pile driver which can be pushed using a shallow-draft jet boat. Utilizing the river for access, just as the original
loggers once did, will eliminate any potential riparian impacts and should have minimal impacts to the stream
environment. Over the past two years we have been working to refine this design, gather more scientific
information, and solicit input from the community.
To date, we have held several small “focus group” meetings with landowners, a broader community meeting in
March 2013, and one public field visit. As a result of this outreach, we have heard several concerns and have worked
hard to address these concerns. Our desire is to implement this project in July/August 2014.

Figure 4. LiDar image of the lower White River in the vicinity of river mile 6.
Notice evidence of past channel locations.

Lower White River Forest and Floodplain Assessment

CCFEG is also working on another exciting project on the White which we believe is complimentary to the Lower
White River Wood project. The Lower White River Forest and Floodplain Assessment project was funded by the
Washington State Salmon Recovery Funding Board in December 2012. This project will seek to better understand
forest conditions, river and floodplain hydrology from the confluence of Lake Wenatchee to approximately river
mile 6. The goal of this project is to assess historic, current, and target riparian and floodplain conditions and to
develop a restoration strategy that, once implemented, improves the health and function of the area for native
salmonids and other wildlife. Due to many of the past land use practices described above, these forests are currently
not providing the habitat value that they once did. Through this project and collaboration with landowners, a suite of
actions will be recommended to improve overall riparian forest health (e.g., diversity, stand health, accelerated
succession). Restoration of floodplain hydrology would also improve floodplain function for wildlife and people. It
is through these two complimentary projects that we can best achieve improved fish and wildlife habitat and create a
conservation legacy for future generations.
We would like to invite you to contact us to answer questions and to get feedback about our projects. We’re happy
to share more information with you about any aspect of the project planning process. We also have several
documents on our website (www.ccfeg.org/projects/habitat-projects/whiteriver) if you want further background
reading. We are available by phone, email, or in-person and welcome the opportunity to discuss our proposals at any
time.

Sincerely,

Jason Lundgren
Executive Director
Cascade Columbia Fisheries Enhancement Group
509.888.7268
Jason@ccfeg.org

Recreational considerations in the lower White River
Robes Parrisha, Jason Lundgrenb, and Peter Jenkinsa

Restoration of stream channels requires a
great deal of care and planning with
consideration paid not only to the
ecological needs of the river, but also how
those prescriptions intersect with societal
demands and uses of the river. While the
ecological needs can often be quantified
and categorized in a systematic, scientific
manner, the social issues are sometimes more difficult to identify and address.
One of the principal modern-day human-uses of rivers is for recreation. The type, location,
magnitude, and season-of-use varies considerably for each river—even reach-to-reach—and
must be considered uniquely for each restoration proposal. This paper attempts to summarize
what is known about the lower White River (Chelan County, WA) from the Sears Creek Rd
bridge to Lake Wenatchee and how the proposed Large Wood Atonement Project accounts for
this use.
Project Details
The White River Large Wood Atonement Project is being proposed jointly by the Cascade
Columbia Fisheries Enhancement Group and the US Fish and Wildlife Service. The project aims
to “increase the trajectory of natural ecosystem recovery by increasing the retention time of
existing, mobile woody material (WM).” The lower river’s ecological and geomorphic function
has been considerably diminished by riparian timber harvest (as recently as the mid-1980s) and
associated ‘river cleaning’ to facilitate log drives (Figure 1). The removal of the natural WM
and riparian logging has had a number of significant impacts to the instream and floodplain
environments, similar to what have occurred in other Pacific Northwest rivers (Figure 2).
The White River has been identified as a high priority watershed for preservation and restoration
in the Upper Columbia Spring Chinook and Steelhead Recovery Plan. This federally approved
document provides the regional scientific foundation for pursuing restoration projects (such as
this project) on the lower White River.
The entire reach from the Little Wenatchee River Road bridge (RM 2.0) to where it parallels the
White River Road (RM 5.9) is owned by three landowners (Chelan Douglas Land Trust, WA
Dept. of Fish and Wildlife, US Forest Service) and is managed exclusively for conservation
purposes. Despite the current management protection, the river still suffers from the legacy
impacts of 19th and 20th century logging. The most conspicuous deficiency is the lack of large,
stable trees to anchor persistent log jams and the small diameter of most instream wood. It is
estimated that historical log jams were often persistent for greater than 40 years (USFWS 2012)
while many existing log jams are maintained for less than 5 years, in some cases (Figure 3).
Author correspondence:
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US Fish and Wildlife Service, Mid-Columbia River Fishery Resource Office, 7501 Icicle Rd., Leavenworth, WA 98826.
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Cascade Columbia Fisheries Enhancement Group, PO Box 3162, Wenatchee, WA 98801.

Most trees within the active floodplain in this reach are generally only 30 – 50 years old and will
need another century before they begin to achieve their full height and diameter potential. The
small size of recently recruited trees available to the river means that these log jams will be
short-lived for many decades to come.

Figure 1. Aerial photo comparison of lower White River, 1970 to 1985.

The lower White River, from river mile 2.5 – 4.1 has been identified as a reach where vertical
log pilings could stabilize the existing wood and increase this retention time for habitat
improvement purposes. The explicit goal of the project is to improve ecological function in the
lower White River by increasing the retention time of mobile WM, thereby emulating historic
logjams. This will allow for more extensive, persistent habitat to form, increase sediment
retention and pool scour, and possibly improve hyporheic1 connection across the floodplain.
Pilings would protrude from the riverbed several feet above the ordinary high water elevation. They
would be placed in two general configurations: 1) pilings (only) to stabilize existing log accumulations,
and 2) pilings (with additional whole trees) in locations on the outside of meanders and point bars (Figure
4). Both types would be expected to accrue additional, natural LWM over time. It is impossible to
predict the eventual size of each log jam, however, comparisons with the relatively pristine Chiwawa
River show more frequent and persistent accumulations of wood. These larger, more stable
accumulations in the Chiwawa River are an integral part of the river dynamics and provide for all of the
benefits shown in Figure 2. These accumulations occasionally span the entire channel (Figure 5) and, in
time, could collect enough natural material to do the same in the White River project area.
1

The hyporheic zone is the region beneath and alongside the river where there is a mixing of shallow groundwater and surface
water (source: http://www.wikipedia.org, accessed Jan, 2013).

Figure 2. Generalized effects of persistent logjams in alluvial rivers.

Recreation
Any log jam presents significant risk to recreationists, natural or human-placed. We understand
most of the use on the lower White River to occur between the Sears Creek Road bridge (RM
7.5) and the Little Wenatchee River Road bridge (RM 2.0), or often out to Lake Wenatchee.
Nearly all of this use occurs during the low-flow periods from April – October. Given the very
flat gradient it is most commonly paddled by non-commercial canoeists who are drawn to the
reach for its wilderness character and relative ease-of-travel. This reach appears in several
guidebooks (Landers et al. 2008, Landers and Hansen 1998) where it describes the White River:
“Blowdown trees are common. These “strainers” can be dangerous. Always be on the watch for
logjams around bends. The river generally flows slowly enough so that if necessary, boaters can
ferry to shore and portage with little difficulty.”

Wenatchee Outdoors, a common online source for recreationalists, also depicts the reach as:
“…littered with snags. The majority of the time it is only the occasional branch or log, but a few
jams require some more complicated maneuvering to pass and, at one point, fallen trees have
entirely blocked the river and it is necessary to drag boat over a gravel bar to get past.” And
“While there’s no whitewater, there are sweepers and log jams to contend with. In places you

need to maneuver well to get through narrow gaps flanked by woody debris. In other places you
may need to get over to the bank quickly to portage around logs that are completely blocking the
river.”

It is incumbent upon recreationists to expect and prepare for these existing hazards. Fortunately,
these existing log jams are generally easily portaged on either side. Aerial photos, our own
experience, and statements by local residents note how channel spanning log jams frequently
form but are often short-lived and change from one season to the next. Adequate scouting of this
reach is not always possible so users must be prepared to respond quickly to hazards and
maneuver their boat to avoid or portage obstructions.

Figure 3. Example of frequently mobile logjams in lower White River,RM 4.0, 2006 - 2011 comparison.

American Whitewater (AW), the primary paddling advocacy, safety, and educational
organization for whitewater recreation in the United States, has recently published guidelines for
integrating recreational boating considerations into habitat modification projects (Colburn 2012).
They analyze all of the components of LWM in restoration projects which have impact to
recreationists and describe how these can be made safer through careful design. These design
elements are presented in Table 1 and are evaluated against each structure proposed in this

project. Of the eight design elements which impact recreationists, we rate six components of this
project as low hazard. Since the possibility of eventually developing a channel-spanning log jam
at any particular structure exists, it rates as moderate, though we are not designing specifically
for this outcome. At many locations we are also proposing to import whole trees (rootwad and
branches attached) to improve the aesthetic quality of bare piles and provide more roughness to
catch mobile WM. The AW guidelines rank any branches as high hazard since they can more
easily ensnare boaters so we have therefore determined this risk factor to be high.
Table 1. Design considerations based on American Whitewater recreational guidelines (Colburn, 2012).
American
Whitewater Design
Element
Height Above
Water
Channel Spanning
Branches
Visibility
# of Logs
Portage Potential
Location
Anchoring
Methods

White River Applicability

Most wood at water level; Easily visible and navigated around
No structures proposed would exceed 25% of wetted channel width;
possibility of future accumulations exceeding 25%
Pilings have no branches; imported trees have branches but only placed along
channel margin; branches improve aesthetic quality of pilings to look more
natural; branches improve habitat complexity for aquatic organisms
Excellent sight distance from upstream
Approximately 3-10 per installation; larger jams more visible
Easily avoided or portaged by canoes and kayaks; most proposed locations
have low-flow sandbars adjacent to structures
Installed on channel margins with adequate sight distance
Natural piles without artificial materials (cable and rebar is hazardous)

Risk Level

Low
LowModerate
High
Low
Low
Low
Low
Low

The project would, at a minimum, stabilize approximately 12 existing log jams and create 8 more
on the outside of bends and adjacent point bars (Figure 4). As they are constructed, this would
allow recreationists unobstructed passage through the channel at every one of these locations.
Given their position in the river, some navigation around them may however be necessary. To
analyze the difficulty of passage at each proposed structure, we have analyzed the line-of-sight
distance to each from the perspective of a boater who is in the main flow. We then compiled
measured low-flow velocities from the WA Department of Ecology stream gage at the Sears
Creek bridge to estimate the reaction time a person would have at each structure. This
information is presented in Table 2 and shows that, at a minimum, users have over two minutes,
and an average of five minutes to react to potential hazards. We believe this should be adequate
for most users, particularly canoeists, to safely avoid any natural or human caused
accumulations.

Figure 4. Location of proposed pilings (green and brown dots in river) and staging area (next to L. Wenatchee River
Road bridge).

Table 2. Estimated boater reaction time at each proposed structure. (based on measured line-of-sight distance to each
structure and WA Dept. of Ecology measure velocity at mean August flow of 578 cfs).
Distance
(ft)
Minutes
to react
@ 1.3
ft/sec

222

305

334

295

340

501

440

323

541

882

295

508

468

475

356

484

417

435

346

2.8

3.9

4.3

3.8

4.4

6.4

5.6

4.1

6.9

11.3

3.8

6.5

6.0

6.1

4.6

6.2

5.3

5.6

4.4

Minimum reaction time= 2.8 minutes
Maximum reaction time= 11.3 minutes
Average reaction time= 5.3 minutes

Figure 5. Channel-spanning log jam in Chiwawa River. Note easy low-flow portage on left bank.

Conclusions
Through focus group discussions with stakeholders we have determined that the issues of
greatest concern are 1) recreational safety, 2) aesthetic quality, and 3) increased flood risks. This
document intends to disclose the known existing and proposed hazards to recreationists and
compare these design elements with what is suggested in the literature.
Since this reach already contains ample natural logjams which are widely known, we believe that
the proposed structures would not significantly change this condition. This project presents a
unique opportunity to not only restore the historic ecological functions of WM, but to do so in a
relatively low-use, wilderness character reach. Most Pacific Northwest rivers have been largely
cleared of wood and recreationists have grown accustomed to this condition. In this case, the
White River affords the public to see a river that more closely resembles its pre-European
settlement condition and experience what early explorers (settlers, fur traders, and loggers) must
have encountered. We suggest that this is a positive educational opportunity, although it does
require a bit more planning and skill to adequately scout and avoid logjams.
We intend to address the aesthetic quality of placed-pilings by importing whole trees (with
rootwads and branches) to somewhat ‘hide’ the vertical logs at lower flows. These also have the
added ecological benefit of increasing roughness which should help meet the goal of increasing
retention time of mobile WM. We have developed conceptual renderings at two proposed

locations to document how these pilings and whole trees would fit with the aesthetic character of
the reach (Fig’s 6 and 7).

Figure 6. Conceptual photo showing example of proposed piling installation in existing logjam. (Illustration
courtesy M. Hall, USFWS)

The flood risks posed by this project are expected to be negligible given the lack of infrastructure
nearby and the extremely broad floodplain throughout the reach. We expect any changes in
water surface elevation at flood flows to be limited to the immediate vicinity of each structure
and not change at all on the periphery of the floodplain where homes are located. These risks
will be modeled using a 1-dimensional step-backwater model (HEC-RAS) and presented in a
separate document.

Figure 7. Conceptual photo showing estimated future log accumulation salong streambank after piling installation.
(Illustration courtesy M. Hall, USFWS)
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April 14th, 2014
Cascade Columbia Fisheries Enhancement Group
PO Box 3162
Wenatchee, WA 98801
Attention: Jason Lundgren

Subject: White River wood atonement flood hazard assessment

INTRODUCTION
Natural Systems Design, Inc. (NSD) is pleased to present to Cascade Columbia Fisheries Enhancement
Group (CCFEG) this report which summarizes our flood hazard analysis of the proposed White River
Wood Atonement project along the White River in Chelan County, Washington. NSD’s services have been
performed under scope of service and contract for this project with CCFEG.
CCFEG along with United States Fish and Wildlife Service (USFWS) are sponsoring designs to construct
stable large wood (LW) structures within the White River to aid in the recovery of endangered salmonids.
The proposed project includes the construction of multiple timber pile based large wood structures to
increase the stability and permanence of natural LW within the project reach and improve local aquatic
habitat conditions. This report presents our analyses and effects of the proposed project on floodplain and
water surface elevations in White River to aid in the design of the project elements and adhere to Chelan
County floodplain regulations.
Proposed elements of the project include;


Construction of approximately 19 LW structures and 15 timber pile arrays during the summer of
2014



Addition of LW pieces and whole tree within the driven piles of LW structures during the summer
of 2015 or 2016

PROJECT LOCATION
The project site is located within the banks of the White River west of Lake Wenatchee primarily on parcels
owned and under the jurisdiction of Washington Department of Natural Resources (DNR) aquatic lands
office. Adjacent properties are owned and managed by the Washington Department of Fish and Wildlife
(WDFW) and the Chelan-Douglas Land Trust (CDLT) and managed for conservation. This site is within
Section 10 of Township 27 North, Range 16 East of the Willamette Meridian. Figure 1 depicts the project
area and site location.

STREAM CHANNEL AND FLOODPLAIN
The White River lies within the Wenatchee River watershed and is the principal tributary to Lake
Wenatchee (whose outlet is start of the Wenatchee River). The White River watershed overs 154 mi2 of
western Chelan County. The river’s headwaters drain the White River Glacier on the southern flank of
Glacier Peak. The project area is located within the main stem in the lower watershed from approximately
RM 2.6 - 4.2. watershed. Within the project area, the White River can be characterized as a low gradient
system (average channel slope ~0.001 ft/ft). The watershed of the White River at the project site is
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approximately 154 square miles and can be characterized as a mixture of forested and unimproved
agricultural areas with an annual precipitation of approximately 105 inches.

FLOODPLAIN REGULATIONS
Within the project area, the White River is designated as an approximate Zone A flood hazard area by the
Federal Emergency Management Agency (FEMA) and the National Flood Insurance Program (NFIP). An
excerpt from flood insurance rate map (FIRM) Panel 530015 0750 B effective June 5, 1989 is attached to
this report, as Figure 2. The Zone A designation means that the project is within a 100-year floodplain but
flood elevations have not been determined for the 100-year base flood event. Zone A designations are
generally not based upon a detailed hydraulic study nor do they have a defined regulatory floodway.
According to FEMA and Chelan County Code (CCC), development is allowed within Zone A flood
hazards areas as proposed if the following conditions are met;



The proposed development is reasonably safe from flooding, and



The proposed development will not increase the water surface elevation of the base flood more
than one foot.

HYDROLOGY
A review of hydrologic analyses of the White River was performed to determine appropriate stream flow
values for use in the hydraulic and flood hazard analysis. Flood events that are expected to be equaled or
exceeded once on average during any 1-, 2-, 5-, 10-, 50-, and 100--year period (recurrence interval) have a
special significance for floodplain management. These events are commonly referred as the 1 -, 2-, 5- 10-,
50-, and 100-year floods. Recurrence intervals represent a long term, average period between floods of a
specific magnitude and it is important to note rare floods could occur at shorter intervals or even with the
same year. For this analysis, the primary recurrence interval of interest is the 100-year flow, otherwise
known as the base-flood discharge. Upon review of available analyses it was determined to perform the
flood hazard analysis for this project using peak flow values determined by GeoEngineers as Grant Public
Utility District (GPUD) White River Acclimation Facility (WRAF) project. As part of this analysis gage
records from USGS stream gauge #12454000 and DOE stream gauge #45K090 on the White River in
Chelan County, Washington we combined to create a 38 year period of record. Using the combined
record a log-Pearson Type III analysis of peak flows following methodologies discussed within USGS
Bulletin 17B (USGS, 1982) was performed. The results of this analysis are shown below in Table 1.

HYDRAULIC ANALYSIS
The primary objective of NSD’s hydraulic analysis was to estimate existing water surface elevations and
evaluate the effects of a LW structure on water surface elevations to ensure adjacent private property and
residences are safe from flooding and the project does not cause an adverse impact to flood elevations of the
White River. The results of the existing conditions analysis represent a baseline condition against which
the effects of a LW structure are evaluated. The following sections provide more in-depth information on
specific components of our hydraulic analysis, data development, and results.
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TABLE 1 – WHITE RIVER PEAK FLOWS AT PROJECT SITE*
RECURRENCE
INTERVAL (YEARS)

PEAK FLOW*

1-year

3,820

2-year

4,650

5-year

6,200

10-year

7,730

25-year

10,380

50-year

12,980

100-year

16,260

(CFS)

* (GeoEngineers, 2011)

METHODS
Using a combination of channel bathymetry, Light Detection and Ranging (LiDAR) information,
hydrologic analysis results, and observations from a field reconnaissance, NSD developed a one-dimensional
hydraulic model using used the Army Corps of Engineers, Hydrologic Engineering Centers River Analysis
System (HEC-RAS) v4.1.0 computer model Brunner 2008) of the existing stream condition for the project
reach. The HEC-RAS model developed for this project utilized topographic cross sections of the river and
floodplain, with additional input parameters, to simulate hydraulic conditions at the site.

BEST AVAILABLE DATA
As part of a separate project, NSD staff previously requested available information and studies from FEMA
used to define the Zone A flood hazard area. Communication with the FEMA Data Archive
(https://www.fema.gov/media-library/assets/documents/7320?id=2223) indicates there is no supporting data
available for the White River in the vicinity of the project area, beyond from the FIS for Chelan County,
Washington. Within the preliminary Flood Insurance Study (FIS), White River is described as having been
analyzed using approximate methods just upstream of Lake Wenatchee to river mile (RM) 11.25 (FEMA,
2004). As such, the hydraulic analysis completed by NSD for this project represents the best available data
to evaluate the floodplain elevations and boundaries of the White River within the project area.

Topography Survey
The hydraulic analysis utilized bathymetric survey of the channel bottom collected by Gravity
Environmental, LLC and LiDAR data from 2007 and acquired from the Puget Sound LiDAR Consortium.
The horizontal and vertical datum of all data utilized for this project was converted to or was provided in
Washington State Plane Coordinates North Zone NAD83/91 feet and NAVD 88 feet, respectively.

Cross Sections
The hydraulic model utilized twenty-eight cross sections to evaluate flood elevations and hydraulics on the
White River within the project area, as shown in Figure 3. Cross section locations represent computational
points within the hydraulic model where the water surface and other hydraulic parameters are determined.
Cross sections were located to reflect changes in channel and floodplain geometry, changes in bed slope,
match locations measured during the bathymeric survey and represent proposed project elements.
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Cross Section Options
Within each hydraulic model cross section, HEC-RAS allows additional data to be input to better define
how water is expected to flow within the model extents (Brunner, 2008). The most commonly utilized cross
section options are ineffective flow areas, levee points, and blocked obstructions. Ineffective flow areas are
defined as areas that contain water but are not actively conveying water in a downstream direction. Levee
points were utilized to restrict flow from low-lying areas in the right floodplain until right top of bank
elevations were exceeded. Blocked obstructions were utilized to represent proposed LW structures.

Roughness
Hydraulic analyses require an assessment of the resistance (drag force) the ground surface and other physical
features exert against movement of water. This drag force is referred to as roughness. The most accepted
method to assess roughness uses the Manning’s n resistance factor (Chow, 1959). Common factors that
affect roughness values include: channel sediment size, gradation, and shape; channel shape, channel
meandering, both bank and floodplain vegetation, obstructions to flow, flow depth, and flow rate.
Manning’s n values for the White River were set in using a horizontal variation in Manning’s n value and in
accordance with standard hydraulic reference manuals (Chow, 1959; Barnes, 1967; Hicks and Mason,
1998). Manning’s n values were set within the main channel to 0.035 and within the floodplain regions to
range between 0.08 and 0.12.

Boundary Conditions
All hydraulic models require the user to input a known
boundary condition to begin the computational
routine. Model runs for the White River were
computed in a sub-critical (Froude number less than
1.0) condition and, as such, required a downstream
boundary condition to compute water surface profiles
in an upstream progression. For this project the
downstream boundary condition was set to match the
hydraulic model results prepared by GeoEngineers for
the GPUD White River Acclimation Facility (WRAF)
project as documented by Flood Hazard Report White
River Acclimation Facility Design (GeoEngineers, 2011).
Figure 4 - Model cross section illustrating how a LW structure is The boundary conditions were set in this manner to
represented within the HEC-RAS model.
capture the backwater effects from the Little Wenatchee
Road and bridge on flood flows within the project area. Boundary conditions used in this analysis are
shown below in Table 2.
TABLE 1 – MODEL DOWNSTREAM BOUNDARY CONDITIONS
RECURRENCE
INTERVAL (YEARS)

WATER
SURFACE
ELEVATION (NAVD88 –
FT)*

1-year

1881.5

2-year

1881.3

5-year

1882.6

10-year

1883.7
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RECURRENCE
INTERVAL (YEARS)

WATER
SURFACE
ELEVATION (NAVD88 –
FT)*

25-year

1884.9

50-year

1886.0

100-year

1887.2
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* (GeoEngineers, 2011)

Proposed Conditions
The proposed condition model was created by modifying the existing condition hydraulic model geometry
to reflect the proposed placement for two LW structures, one that is 30-ft and one that is 80-ft wide. A LW
structure width of 30-ft was chosen to represent the fully obstructed width (piles and placed LW) of a
completed LW structure. The LW structure width of 80-ft was chosen to represent a potential large
structure that could occur as natural LW accumulates on the completed LW structure. No evaluation of
the effect of a pile only structure was completed, due to minimal effect this structure type is expected to
have on flood flows. Proposed LW structures were represented as blocked obstructions within the
associated cross sections in the model and local adjustments in Manning’s roughness coefficients (see Figure
4). Representing LW structures in this manner is considered conservative (blocks more area than initially
anticipated) as the planned LW structures will be porous to varying degrees and allow flow through and
under the structure at different stages. Manning’s roughness coefficients were left unchanged outside the
local area of each proposed ELJ throughout the rest of the hydraulic model.

RESULTS
The results of the existing condition hydraulic analysis are attached to this report as Figure 5, 6 7, and 8.
Review of the inundation maps, water surface profile, and cross sections results indicates the hydraulics
within the project area are low energy with the Little Wenatchee Road Bridge and associated roadway
embankment significantly affecting the hydraulics of the White River within the project area by creating a
backwater effect upstream of the bridge crossing (see Figure 10). From review of the GeoEngineers model,
the 100-year flow, the roadway embankment is not overtopped and the majority of the flow (15,000-cfs) is
conveyed through the bridge opening. The contraction and expansion of the flow through the bridge
opening creates large regions of ineffective flow upstream of the roadway and within the project area which
creates slow flow velocities and deeper flow depths. Main channel flow depth vary from 10- to 15-ft during
major floods with 2- to 6-ft of shallow flow in the left and right floodplain. Results also suggest the main
channel has significantly incised and is disconnected with its historic floodplain as evidence by 10-yr flood
being well contained within the channel banks except for an area upstream of Little Wenatchee Road near
RM 2.6. In addition to incision, fluvial processes appear to have developed a “natural levee” condition
along both banks with the elevations along both banks higher 4- to 6-ft higher than elevation along the
outer perimeter of the floodplain regions due to the effects of superelevation and centrifugal force on
sediment deposition. (see Figure 9). The inundation maps also indicate no private residences or insurable
structures are within the 10- and 25-year floodplain. During the 100-year flood there is 1 residence along
Windmill Lane within the right bank floodplain that is inundated with flood flows approach 1- to 2-feet of
depth.
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The results of the proposed condition hydraulic analysis are provided in Table 3 and 4 below. Review of
the results indicate, that the proposed LW structures effect the flood elevations most significantly when
streamflows remain within the channel. The effect of a LW structure diminishes rapidly during higher
recurrence interval floods when flow is able to access the floodplain regions. Water surface elevation
increases for a 30-ft wide LW structure during the 10-year flow are approximately 0.37-ft with little effect
during the 25-year flow and neglible effect (within the accuracy tolerance of the hydraulic model) during
100-year flow. Results for the 80-ft wide LW structure are similar with a slight increase in the amount of
increase during the 10- and 25-year flow.
TABLE 3 – HYDRAULIC MODEL RESULTS AT RS 6170 FOR 30-FT WIDE LW STRUCTURE
RECURRENCE
INTERVAL (YEARS)

EXISTING
(NAVD-88FT)

WSEL

PROPOSED
(NAVD-88FT)

WSEL

DIFFERENCE (FEET)

10-year

1885.17

1885.54

0.37

25-year

1886.67

1886.72

0.05

100-year

1888.12

1888.14

0.02

Figure 10 - Channel profile illustrating backwater effect from the Little Wenatchee Road and Bridge

On a local scale, the LW structures will affect both the flow velocities and patterns in the immediate area of
each location. Increases in average main channel velocities tend to occur in the vicinity of each proposed
structure with a local decrease in flow velocities directly adjacent to each proposed structure. The increase
in main channel velocities is a result of the constriction of flow area caused by each structure with the
decrease in velocities a result in the increased roughness caused by each structure. These results support the
expected response to encourage the development of scour in the main channel and sediment deposition in
behind and adjacent to each structure. The results also suggest the local influence or effect of the proposed
structures is more significant during lower more frequent floods than during larger less frequent high flow
flood events due to the larger proportion structure area relative to flow area during smaller more frequent
floods.
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TABLE 4 – HYDRAULIC MODEL RESULTS AT RS 6170 FOR 80-FT WIDE LW STRUCTURE
RECURRENCE
INTERVAL (YEARS)

EXISTING
(NAVD-88FT)

WSEL

PROPOSED
(NAVD-88FT)

WSEL

DIFFERENCE (FEET)

10-year

1885.17

1885.46

0.29*

25-year

1886.67

1886.74

0.07

100-year

1888.12

1888.14

0.02

*caused left floodplain inundation at ELJ location

SUMMARY
Based upon the topographic information of the project area the site, the proposed design of the LW
structures, and results from the hydraulic modeling, adjacent properties are expected to be reasonably safe
from flooding and this project will not unduly increase flood heights within the project area. Hydraulic
model results indicate the LW structures will have the most significant effect on flood elevations during
lower recurrence interval floods when streamflows are within the banks of the channel and when no private
residences or insurable structures are within the active floodplain. Both adjacent landowners in this reach
manage their parcels for conservation purposes and thus any increase in water surface elevation would not
affect use of the properties under the flood scenarios evaluated. During the 100-year flood, when a private
residence along Windmill Lane is within the floodplain, the effects from LW structures is expected to be
negligible (amount of rise is within the tolerance of the hydraulic model to predict WSELs). Furthermore
all proposed LW structures are located a minimum distance of ~1,200-ft upstream from this residence,
reducing the potential for this project to effect flooding along Windmill Lane. This project is not expected
to significantly increase the area inundated and will not increase the flood hazard for any structures or
property in the vicinity of the project area during the base flood event and is within allowable limits for
Zone A floodplains per NFIP and Chelan County regulations. For these reasons, we endorse a floodplain
development permit be issued for the White River wood atonement project to facilitate construction of the
project.

LIMITATIONS
We have prepared this report for CCFEG, their authorized agents and regulatory agencies responsible for
the White River wood atonement project. Within the limitations of scope, schedule and budget, our
services have been executed in accordance with generally accepted practices for river restoration and the
engineered placement of wood 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.

Cascade Columbia Fisheries Enhancement Group | March 14, 2014

Page 8

We appreciate this opportunity to be of service to Cascade Columbia Fisheries Enhancement Group for
this project and look forward to continuing to work with you. Please call if you have any questions
regarding this report, or if you need additional information.
Sincerely,
Natural Systems Design, Inc.

R. Leif Embertson, MS, PE, CFM
Senior River Engineer

Tim Abbe, PhD, PEG, PHG
Principal Geomorphologist

Attachments:
Figure 1 – Vicinity map
Figure 2 – FEMA flood insurance map
Figure 3 – HEC-RAS model schematic
Figure 5 – Existing condition 10-year flow depths
Figure 6 – Existing condition 10-year flow velocities
Figure 7 – Existing condition 25-year flow depths
Figure 8 – Existing condition 100-year flow depths
Figure 9 – Relative elevation map
CC : Robes Parrish, USFW

REFERENCES
Barnes, H.H., 1967. Roughness Characteristics of Natural Channel. U.S. Geological Survey, Water Supply
Paper 1849, Washington D.C.
Brunner G.W., 2008. HEC-RAS River Analysis System Hydraulic Reference Manual, U.S. Army Corps of
Engineers’ Hydraulic Engineering Center. Davis, California.
Chow, V.T., 1959. Open Channel Hydraulics, McGraw-Hill Book Company, New York.
Federal Emergency Management Agency, 2004. Flood Insurance Study. Chelan County, Washington and
Incorporated Areas.
GeoEngineers, 2011. Flood Hazard Report White River Acclimation Facility Design. Bellingham,
Washington.

121°5'0"W

121°0'0"W

120°55'0"W

120°50'0"W

120°45'0"W

120°40'0"W

David French, NSD

¹

Twin
Lakes

0

25

Okanagan-Wenatchee
National Forest

Wh

ite

Ri
ve

r

Project Area
ttl

e We
na

tch

ee

Riv

er

47°50'0"N

Li

Lake
Wen a tc he e
Lake Wenatchee
State Park

V
U
207

£
¤
2

White River Wood Atonement

Figure 1 - Site Vicinity Map
Imagery: 2013 USDA NAIP for Chelan County
Watershed Delineation: USGS StreamStats for Washington

¹

0

1

2 Miles

Lambert conformal conic projection, NAD 1983
State Plane Coordinate System (WA North Zone)

Watershed Boundary

50 Mile

Path: N:\Projects\Cascade Columbia FEG\White River Wood Atonement\GIS\Maps\mxd\SiteVicinity.mxd

47°55'0"N

Map
Extent

Date: 3/6/2014

Mt David

Figure 2 – FEMA Flood Insurance Rate Map

White River Wood Atonement

314,000

1,638,000

312,000

1,640,000

310,000

White River Rd

9263

5640
5580

5832

5782
5729

7611
6101

314,000

¹

3267

3871

4301

4705

1.7

204

2116
2922

G
F

12454

G
F

6048

7046
6170

1,634,000
312,000

E

G
F

2.9

G
F

3.5

G
F

G
F

G
F

Roads
Parcel Boundary
HEC-RAS Model
Cross Section

Roads: Chelan Co.
Parcels: Chelan Co.

US

FS

65

01

Rd

White River Wood Atonement

Figure 3 - Existing HEC-RAS Hydraulic Model Cross Sections

G
F

¹

0

500

2.4

Wind

River Mile
Streams

d

2.3

G
F

3.4

G
F

USFS R

2.5

G
F
G
F

4

Aerials: 2013 USDA NAIP

G
F

2.8

G
F

Legend
15

G
F

4.1

11
91
7

G
F

3.9

G
F

Rd

4.3

3.3

2.2

15
75

e

4.4

3.8

er

G
F

G
F

8
13

G
F

2.7

iv

G
F

G
F

4.2

2.6

R

4.5

G
F

e
ch

3.6

G
F

3

G
F

te

4.7

G
F

1.9

G
F

at

G
F

2

en

G
F

3.2

2779

3.7

hi

G
F

G
F

W

8749

4.6

G
F

3.1

10 Mile

eW

2.1

G
F

0

tl
Lit

5

G
F

1,000

Lambert conformal conic projection, NAD 1983
State Plane Coordinate System (WA North Zone)

1,500

2,000 Feet

m ill L

n

1.8

G
F

Path: N:\Projects\Cascade Columbia FEG\White River Wood Atonement\GIS\Maps\mxd\Aerial_HecXS.mxd

Map
Extent

8452

9558

Date: 3/6/2014

11442

r Rd

5.1

4.8

1,642,000

David French, NSD

W

ive
hite R

10585

1,636,000

314,000

1,638,000

Depth (ft)

Rd
White

River Mile

R iver R

d

Roads
Parcel Boundary

Date: 4/11/2014

1,636,000

E

310,000

Map
Extent

Model Boundary
**Estimated
Inundated Area

!
.

Proposed Piling

k
j

Piling & Tree
Addition

¹

Aerials: 2013 USDA NAIP

0

10 Mile

Roads: Chelan Co.
Parcels: Chelan Co.
Topography: 2007 LiDAR
Hillshade (PSLC)

Little
We n
atch
ee R

2

1.9

G
F

G
F

d

4.6

k

G
F
3.7k

k

G
F

k GF

k

k

2.1

k3.1

3.2

3

kGF k

G
F

G
F

W

3.6

!!
.
.
.!

3.9

G
F

G
F
.
!!
.
.!

2.6

2.2

G
F

G
F

2.7
2.9

G
F

G
F

G
F

.
!!
.
.!

!!
.
.

r

.
!
!
.

4.3

3.3

ve

G
F

3.8

Ri

4.4

k

.!
.
!!
.

.!
!
.

.!
.
!!
.

te

G
F

4.2

G
F
312,000

hi

4.5

G
F

2.5

G
F
4.1

.
!
!!
.
.

3.5

G
F

2.8

G
F

!.
.
.!
!

2.3

G
F

G
F

G
Fk
2.4

1,634,000

3.4

k

G
F

4

!!
.
.
.!
!!
.
.

Figure 5 - Existing HEC-RAS Model Output for 10 year (7,730 cfs) Flow Depths
HEC-RAS 1-dimensional model results for 10 year flow event.
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surface where overbank flow occurs and are presumed to be flooded during the
flows modeled.
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Figure 6 - Existing HEC-RAS Model Output for 10 year (7,730 cfS) Flow Velocities
HEC-RAS 1-dimensional model results for 10 year flow event.
**Estimated inundated areas are based on ground elevations relative to the water
surface where overbank flow occurs and are presumed to be flooded during the
flows modeled.
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INTRODUCTION
This preliminary design report provides basis of design for restoration projects within the
lower White River. The restoration approaches and locations it describes were selected based
on the results of a reach assessment of the lower White River (Herrera 2014). The reach
assessment characterized and analyzed river and floodplain existing conditions. The White
River is a major tributary to Lake Wenatchee in Chelan County, Washington (Figure 1). The
setting is unique because much of the floodplain is undeveloped, bank hardening is minimal,
and only one road and bridge cross the floodplain in the study area, which encompasses from
River Mile (RM) 0 to 5.5. However, the site has experienced extensive modification since
European settlement. The old growth red cedar forest that occurred there was harvested,
and uncontrolled slash fires burned much of the rest of the trees out of the valley. Log jams
and other large woody material (LWM; typically referred to in the literature as large woody
debris) were systematically removed from the river channel. Many areas were converted
to pasture, wetlands were ditched, and forested areas were logged repeatedly through
the 1980s. In addition, the study area is prone to events such as large pulses of sediment
delivered from upstream (from landslides, fire, and volcanic deposition), and changes in
the level of Lake Wenatchee from earthquakes and alterations to the outlet). The result is
a river system that lacks functional interactions with its floodplain (due to channel incision
and disconnected side channels) and contains limited in-stream habitat complexity (due to
the lack of stable log jams). These limiting factors are the targets of restoration activities.

Proposed Restoration Projects
The reach assessment report (Herrera 2014) evaluated several potential restoration actions
and identified a subset as having the greatest potential to improve habitat conditions in the
river and floodplain. The restoration projects described in this report represent the results
the analysis and vetting process described in the reach assessment report (Herrera 2014). The
projects described herein address both connections between the river and floodplain at a
range of flows and in-stream habitat complexity.
The three proposed projects include:


Site 1 – Wetland Outlet Culvert Removal on the right bank near RM 3.4



Site 2 – Ditch Network Habitat Enhancements within the inlet of the extensive ditch
network that exits the main river near RM 2.6



Site 3 – Wood Atonement Phase 2 throughout the main river channel downstream of
the Little Wenatchee River Road bridge

The following sections document the preliminary design process for each project site per the
guidelines laid out in Appendix D-2 of the Salmon Recovery Funding Board Manual 18 (SRFB
2014). Existing conditions relevant to each project are described for each site.
June 2014
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Tables in each of the following sections describe and evaluate alternative projects in
terms of project objectives, other evaluation criteria (such as fish benefit, maintenance,
sustainability, social acceptance), and relative cost. Three alternatives (including a donothing alternative) were considered for each project site.
The preferred alternative for each site is described, as well as the rationale for selecting it.
Preliminary design plansets for the three preferred alternatives (i.e., proposed projects) are
located in Appendix A.
Specific design criteria that define the intent and expectations for each project element
are presented and discussed, including justification and documentation of design methods
applied, and assumptions that facilitated the design.
Finally, preliminary estimates of construction quantities and costs to complete final design
and construction are presented.

Overall Goal and Objectives
The proposed project designs are intended to restore or kick start natural processes within
the project area. Each of the three proposed projects has site-specific objectives, which are
presented under each project description in the following sections. Following construction, it
is expected that at least some change may occur that alters the appearance of each project
site from the originally constructed state. Those changes will result from natural processes
that have been either improved or restored because of the implemented projects. While some
visible change is expected to occur, it will not indicate a departure from the project goal or
objectives.

June 2014
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Figure 1.
Propsed Project Site Locations,
Lower White River Study Area,
Chelan County, Washington.
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SITE 1- WETLAND OUTLET CULVERT REMOVAL – RIGHT
BANK NEAR RM 3.4
Project Goal and Objectives
The goal of the project is to improve connectivity for water, sediment, fish, and wildlife
between the main river channel and the large wetland complex and associated habitat
upstream of the culvert outlet. To achieve this goal, the project includes the following
objectives:


Remove existing culvert located at the wetland outlet



Reslope/resculpt the wetland outlet into a natural configuration based on analogs
within the project reach



Revegetate bare soil with native plant species and apply short-term erosion control
with biodegradable jute fabric



Install simple structures to attract beaver to build dams at the culvert location

Existing Conditions
A culvert near RM 3.4 on the right bank (Photos 1 and 2) is the outlet for a large natural
wetland (approximately 45 acres) and beaver dam complex. The culvert is believed to be a
relic of the logging history of the lower White River. The culvert is set within a prism of
locally-sourced fill that abuts the riverbank in this location. The road is no longer actively
used and has revegetated with native shrubs and native and invasive herbaceous vegetation,
including reed canarygrass, which dominates the section of road. The habitat landward
of the culvert inlet was identified during the existing conditions assessment as excellent
rearing habitat for juvenile salmonids, and includes active beaver ponds, large complexes of
emergent and shrub-shrub wetland that are inundated for much of the year, perennial pools,
and numerous groundwater inflows from valley slope break seeps (Photos 3 and 4).
Similar wetland outlets were observed in more natural, unculverted conditions elsewhere
within the project reach. Evidence suggests that the areas are high quality habitat; they are
actively used by waterfowl and other birds, amphibians, beaver, deer, cougar, black bear,
and juvenile fish.
Currently, the culvert obstructs passage of terrestrial and aquatic organisms at river stages
below the culvert’s upstream invert. It also limits passage during all flow stages.
An existing conditions plan view as well as profile and sections are included in the preliminary
design planset for the project, which is in Appendix A.
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Photo 1. Culvert outlet viewed from the river.

Photo 2. Perched culvert outlet al low river levels on April 4, 2014.
June 2014
6

Preliminary Design Report – Channel and Floodplain Habitat Enhancement Projects - Lower White River

Photo 3. Typical habitat conditions in the channel upstream of the existing culvert.

Photo 4. Existing beaver dam in the wetland outlet upstream of the culvert.

Preliminary Design Alternatives
Table 1 outlines the three alternatives considered for Site 1. The alternatives include: leaving
the existing wetland outlet culvert in place, removing the culvert and performing basic site
restoration, and removing the culvert and performing more advanced site restoration and
enhancement.

Preferred Alternative
The preferred alternative for Site 1 is Alternative 2 – Culvert Removal and Basic Site
Restoration. The preliminary design planset for the project is in Appendix A.
This alternative was selected based on an analysis of the balance between costs and expected
benefits of the proposed alternatives.
Alternative 1 – Do Nothing, was not selected because, despite the fact that some degree of
connectivity exists at the site already, removing the culvert and creating a more natural
interface between the main river and the excellent off-channel habitat of the wetland
complex was viewed as one of the top restoration and enhancement options available within
the Reach Assessment study area (Herrera 2014).
June 2014
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Table 1.

#

Alternative

1

Do Nothing

Project Alternatives Comparison for Site 1.

Description

Discussion of Pros and Cons

Leave existing culvert in place at the wetland

Pros – No cost.

outlet.

Cons – No habitat connectivity or hydrologic

Relative Cost of
Final Design and
Construction
No cost

connectivity benefit.
2

Culvert Removal and

Remove the existing culvert and reslope/resculpt

Pros – Recreate unrestricted access for fish and

Basic Site Restoration

the wetland outlet into a natural configuration

wildlife to a large wetland complex (approximately

based on analogs within the project reach.

45 acres) currently isolated from the main river by

Revegetate bare soil with native plant species

a perched culvert outlet (relict from the logging

and apply short-term erosion control with

era).

biodegradable jute fabric.

Cons – Will require disturbance of some

Install simple structures made from untreated

vegetated floodplain area for equipment access.

Low-Moderate

fence posts to attract beaver to build dams at the
culvert location.
3

Culvert Removal and
Advanced
Restoration/Enhancement

Remove the existing culvert and reslope/resculpt

Pros – Recreate unrestricted access for fish and

the wetland outlet into a natural configuration

wildlife to a large wetland complex (approximately

based on analogs within the project reach.

45 acres) currently isolated from the main river by

Revegetate bare soil with native plant species

a perched culvert outlet (relict from the logging

and apply short term erosion control with

era). Enhance habitat locally through LWM

biodegradable jute fabric.

placement.

Install additional LWM habitat structures at the

Cons – Will require disturbance of some

outlet channel confluence and within the wetland.

vegetated floodplain area for equipment access.

Moderate-High

Significantly more complex design and
construction required to ensure stability of LWM
placements for uncertain benefits. Significantly
higher final design and implementation costs
expected to ensure stability of LWM placements.
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Alternatives 2 and 3 are similar in scope, but Alternative 3 adds the design and construction
of LWM structures at the mouth of the channel outlet and inside the wetland outlet channel
for additional habitat benefit. Project partners decided on the simpler Alternative 2 because
the significant added cost required to design and install LWM structures did not add
significantly to habitat within the reach when compared to the ecological benefit of restoring
free passage in and out of the wetland complex.

Design Considerations and Preliminary Analysis
The proposed culvert removal is relatively straightforward from an engineering design
standpoint, and required little in the way of supporting analysis to ensure that the project
goals and objectives are achieved. It was desired to do this in the most cost-effective and
low-impact manner possible.
The design of the culvert removal and newly created outlet channel was based on existing
reference sites that the project team observed in other areas of the project reach. Those
areas had evidence of unhindered connectivity with off-channel areas as well as significant
use by wildlife.
The proposed excavation extents were developed based on the idea of removing only the
earth that was used to originally backfill over the culvert while protecting two cottonwood
trees along the riverbank, on either side of the culvert outlet. The newly constructed outlet
channel will eliminate the perched culvert outlet and will restore a smooth transition of the
outlet channel thalweg into the main river channel. Eliminating the culvert will improve
hydraulic connectivity and fish passage conditions into and out of the wetland complex,
especially at high river levels, when floodwater refugia access is critical. Replacing the
culvert with a more natural outlet condition will also provide unimpeded access to the river
for a wide range of wildlife species.
Native soil in the project area has shown the ability to hold very steep grades, in excess of
1H:1V, so it is expected that the proposed regraded slopes will be stable. The proposed
thalweg profile of the constructed section of channel matches that of the existing culvert,
with a smooth transition into the main river channel. It is expected that the size and shape
of the outlet channel will adjust to some degree once natural processes of erosion and
sedimentation are restored at the outlet. Some degree of natural grade alteration as a
result of erosion and sedimentation is also expected to occur at the site following project
implementation. Such changes will not be “bad” or “unexpected.”
At present, beaver dams in the wetland outlet channel act as natural grade controls and
provide additional habitat elements in the wetland. The design includes the installation of
a simple structure to attract beavers to build a dam at the culvert location. This additional
beaver dam would provide additional off-channel habitat value. The structure will be
composed of simple fence posts and is based on a design used to successfully by National
Oceanic and Atmospheric Administration (NOAA) Fisheries scientists in the John Day River
Basin of Oregon (Pollock et al. 2014).
To protect the newly excavated slopes from surface erosion and to encourage establishment
of woody vegetation of the type found within the wetland channel, the design includes
June 2014
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biodegradable erosion control fabric and aggressive revegetation of cut slopes and other
disturbed areas with cuttings harvested from the local area.
Impacts on the existing floodplain wetland will be avoided by accessing the culvert site via
the abandoned road. While some vegetation is growing along the proposed access route, most
is very young. Disturbed areas will be revegetated as part of the project.
The level of risk to public health and safety and property at this site is extremely low. As
such, a detailed analysis of hydraulic conditions in the area was not considered necessary.
The wetland area already has some degree of flow connectivity at high river flows, and
replacing the culverted outlet with a more natural outlet condition will not increase flood
risk.

Construction Quantities and Preliminary Construction Cost Estimate
The estimated cost of final design and construction for the proposed alternative, including
30 percent contingency, is $53,000.
The general breakdown of estimated cost elements is shown in Table 2:
Table 2.

Cost Estimate Summary for Site 1.

Direct Construction Costs

$13,100

Mobilization and Miscellaneous Costs

$ 3,100

Engineering Design, Permitting, and Construction Oversight Costs

$24,430

SUBTOTAL ESTIMATED PROJECT COSTS:
CONTINGENCY

$40,600
$12,180

TOTAL ESTIMATED PROJECT COSTS:

$53,000*

*Cost rounded to the nearest $1,000.

A detailed cost estimate spreadsheet table is provided in Appendix B. Construction quantities
are included in the cost estimate spreadsheet table where appropriate.
Proposed removal of the existing culvert will require excavation, haul off, and disposal of
approximately 100 cubic yards of material as well as the culvert itself. The proposed project
includes approximately 1.06 acres of revegetation confined to the disturbed area around the
culvert (0.06 acre) and along the proposed access route (1.0 acre).
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SITE 2 - DITCH NETWORK HABITAT ENHANCEMENT –
LEFT BANK NEAR RM 2.6
Project Goal and Objectives
The goal of the project is to improve floodplain habitat conditions and hydrologic
connectivity, including connectivity and fish access to existing wetland habitats. Specifically,
to improve habitat conditions for juvenile salmonids in the ditch within a 250-foot-long reach
near the ditch inlet. To achieve this goal, the project includes the following objectives:


Reslope and resculpt the banks to created flood benches and edge habitat and improve
water velocity conditions in the existing ditch network



Manage reed canarygrass and plant native woody vegetation in areas outside of the top
of ditch banks



Install LWM habitat structures to improve hydraulic roughness, create velocity refuges
(edge habitat), and enhance habitat complexity

Existing Conditions
Project site observation shows there to be one point where water enters the ditch network
upstream of Little Wenatchee Road. The inlet to the main ditch system occurs near RM 2.6
(Photos 5, 6, and 7), near a log jam on the main river channel.

Photo 5. Ditch network inlet as viewed from the ditch.
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Photo 6. Exiting ditch conditions within the proposed project site.

Photo 7. Existing ditch conditions north of the proposed project site.
During higher flows in the river, this point acts as an inlet, allowing water to enter the ditch
network and ultimately flood the fields at lower elevations behind the river’s natural levees.
Floodwater surges through the inlet, further flooding the low-lying pastures and wetlands,
and discharging through the culverts under Little Wenatchee River Road. Once river levels
drop, water in the inlet ditch drains away from the river. The ditch acts as a drain between
June 2014
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flood events (presumably its designed function), intercepting groundwater and draining
towards the ditch network. Based upon the invert elevation and direct field observations, the
ditch inlet is active during the peak freshet in the late spring and early summer, and during
large runoff events in the fall and winter. Nothing quantitative is known of flow velocities
in the ditch network at the time of inundation, although observations of vegetation in and
along the ditches after the 2013 freshet suggest that they may be significant enough to
reduce the quality and suitability of rearing habitat for juvenile salmonids (fish may be
flushed into unsuitable habitats during high flows). Suitable rearing habitat for juvenile
salmonids must possess water velocities not requiring high energy consumption for the fish
to stay in place. These water velocities typically do not exceed approximately 1.5 feet per
second, particularly within edge habitat (Beechie et al. 2005; Beamer and Henderson 1998).
Vegetation communities within the ditch network are a mixture of pastures and wetlands.
There are many habitat features in the wetlands that would support rearing of juvenile fish,
including dense woody vegetation that is flooded for most of the year, access to extensive
emergent wetlands, and cold groundwater inputs.
The poorest quality habitat conditions along the main ditch network inlet channel are in the
portion of the ditch beginning approximately 150 feet landward from the inlet (Photo 6).
There, the ditch has a confined geometric channel with steep, eroding banks, and the
vegetation community is dominated by invasive reed canarygrass. Physical habitat complexity
in a 250-foot-long section between the river bank forest and a cottonwood stand set back
from the river is particularly poor, with essentially uniform channel geometry, no LWM to
provide cover or hydraulic refuge, and poor vegetation conditions.
An existing conditions plan view as well as profile and sections are included in the preliminary
design planset for the project, located in Appendix A.

Preliminary Design Alternatives
Table 3 outlines the three project alternatives at Site 2. The alternatives include leaving the
ditch in its existing condition, planting stakes and revegetating along 250 feet of the ditch,
and regrading and enhancing habitat with LWM structures as well as revegetating 250 feet of
the ditch.

Preferred Alternative
The preferred alternative for Site 2 is Alternative 3 – Regrade and Enhance 250 Feet of Ditch.
The preliminary design planset for the project is located in Appendix A.
Alternative 3 was selected based on its ability to provide greatly improved off-channel habitat
conditions for juvenile salmonids in both the short and long term, while the other alternatives
had no short-term benefits or only longer term benefits (or none). The regraded banks and
LWM structures proposed in Alternative 3 provide the main key to enhancing the ditch habitat
in the short term, resulting in immediate flow velocity reduction and continuous edge habitat
availability. The revegetation plan will improve habitat conditions in the longer term, will
provide additional cover and edge habitat, and will enhance stability of the LWM structures.
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Table 3.

#

Alternative

1

Do Nothing

2

Stake and
Revegetate
along 250
Feet of Ditch

Project Alternatives Comparison for Site 2.

Description

Discussion of Pros and Cons

Leave ditch network as it is with existing high water

Pros – No cost.

velocities, low habitat complexity, and homogenous

Cons – No habitat enhancement or hydrologic connectivity

form.

benefit.

Install willow and dogwood stakes as well as

Pros – Low cost. Enhances shading of the ditch. May

cottonwood poles on the inside edges of the existing

provide vegetation in the long run that allows for colonization

ditch.

of the area by beavers that enhance off channel habitat

Manage reed canarygrass and plant native woody

within the ditch network. No risk to existing infrastructure.

vegetation in areas outside of the top of ditch banks.

Cons – No short term improvement of habitat or water

Relative Cost of
Final Design and
Construction
No Cost

Low

velocity conditions in one of the only off-channel areas
currently accessible to fish at flows below the 5 year return
interval flow.
3

Regrade and

Enhance habitat and improve water velocity

Pros – Improve off-channel habitat conditions in one of the

Enhance 250

conditions in the existing ditch network by regrading

only areas currently accessible to fish at flows less than the

Feet of Ditch

and resloping banks to create vegetated flood

5-year return interval flow. This alternative enhances 250

benches.

feet of existing ditch known to have poor habitat complexity

Install LWM habitat structures to improve hydraulic

and high water velocities. No risk to existing infrastructure.

roughness, create velocity refuges, and enhance

Juvenile fish could currently be experiencing fish entrapment

habitat complexity.

and the project may help to improve fish access and

Manage reed canarygrass and plant native woody

passage condition by increased hydrologic connectivity.

vegetation in areas outside of the grading limits.

Cons – Uncertainty related to fish use of the existing ditch

This effort would focus on the 250 feet of ditch

network and potential for sedimentation and fish stranding if

beginning approximately 150 feet landward from the

not designed and implemented correctly. Additional study of

inlet near RM 2.6. The 150 feet of ditch closest to

hydraulic conditions and fish use in the ditch network may

the inlet would not be reshaped in order to protect

be needed to complete the design if some degree of natural

the banks of the White River and the existing mature

alteration following construction is not considered

cedar trees and other vegetation.

acceptable.

Low-Moderate
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Alternative 1 – Do Nothing, was not selected because the ditch network was determined to be
one of the only off-channel habitat areas that is inundated regularly (at or below the 2-year
recurrence interval flow) and, as a result, was viewed as one of the top restoration and
enhancement options available within the reach assessment study area (Herrera 2014).
Alternative 2 was not selected because, while far less expensive to implement than
Alternative 3, it would provide far less habitat benefit in the long term and would have very
little short-term effect on improving water velocities and edge habitat for juvenile salmonids.

Design Considerations and Preliminary Analysis
The proposed habitat enhancement work in the ditch network is relatively straightforward
from an engineering standpoint and required little in the way of supporting analysis to ensure
that the project goals and objectives are achieved.
Despite being a constructed feature on the landscape, the ditch network represents one of
the only off-channel habitat areas within the project reach that is accessible to fish at flows
less than the 5-year recurrence interval flow. Unfortunately, conditions in a significant
portion of the ditch network are not well suited to use by juvenile salmonids due to steep
banks that limit edge habitat, lack of overhead and inwater (woody material) cover, and
significant ground coverage by invasive vegetation such as reed canarygrass.
Because the level of risk to public health and safety and property at this site is extremely
low, a detailed analysis of hydraulic conditions for existing and proposed conditions was not
considered necessary to support the design.
Estimates were made of relative flow velocities in the existing ditch based on field
observations. Expected scour and deposition patterns caused by the proposed project were
inferred based on professional judgment and experience designing wood structures in similar
environments.
Inset flood bench elevations were selected based on evidence of ordinary high water lines
caused by high river flows pushing into the ditch network. The top of the inset channel was
set at or just below the expected ordinary inundation levels.
Slopes of the inset flood benches were set at a maximum of 3H:1V, with a target slope
between 5H:1V and 7H:1V to ensure that, as water levels rise and fall, valuable, shallow
water edge habitat will remain available to juvenile salmonids.
LWM structures were included to enhance hydraulic heterogeneity and velocity refuges for
juvenile fish within the regraded ditch area. Designs were developed assuming that some
degree of deformation within the structures during high flow events and over time is
acceptable. The structures include logs that are tethered to piles to stop them from floating
away until vegetation is able to establish and grow to a size that helps keep logs from drifting
away. Some deformation of individual log clusters is expected to occur, along with some
degree of localized scour and sediment deposition.
Revegetation using a combination of willow and dogwood stakes; one gallon containerized
western red cedar, grand fir, and black cottonwood; and bulrush plugs will provide complex
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edge habitat and will eventually serve to compete with and shade out dense infestations of
reed canarygrass.

Construction Quantities and Preliminary Construction Cost Estimate
The estimated cost of final design and construction for the proposed alternative, including
30 percent contingency, is $106,000. A detailed cost estimate table is provided in Appendix B.
The general breakdown of estimated cost elements is shown in Table 4:
Table 4.

Cost Estimate Summary for Site 2.

Direct Construction Costs

$45,600

Mobilization and Miscellaneous Costs

$ 3,648

Engineering Design, Permitting, and Construction Oversight Costs

$32,420

SUBTOTAL ESTIMATED PROJECT COSTS:
CONTINGENCY

$81,600
$24,480

TOTAL ESTIMATED PROJECT COSTS:

$106,000*

*Cost rounded to the nearest $1,000.

A detailed cost estimate spreadsheet table is provided in Appendix B. Construction quantities
are included in the cost estimate spreadsheet table where appropriate.
The proposed project will require excavation, haul off, and disposal of approximately
725 cubic yards of material. The proposed project includes approximately 0.6 acres of
riparian revegetation adjacent to the ditch. The project also includes installation of large
wood habitat elements including 15 key logs without rootwads, 5 key logs with roodwads, and
18 wood piles.

June 2014
16

Preliminary Design Report – Channel and Floodplain Habitat Enhancement Projects - Lower White River

SITE 3 – WOOD ATONEMENT PHASE 2 - DOWNSTREAM
OF THE LITTLE WENATCHEE RIVER ROAD BRIDGE
Project Goal and Objectives
The goal of the project is to improve ecological function in the lower White River by
increasing retention time of mobile woody material in the reach downstream of the Little
Wenatchee Road Bridge. To achieve this goal, the project includes the following objectives:


Install pile arrays at key locations in project reach designed to retain transient LWM



Install complex large wood structures to provide channel roughness and habitat
forming effects while naturally recruited LWM eventually accumulates in pile arrays



Retain naturally occurring LWM in the White River for as long as possible, and
encourage formation of large persistent log jams for the purpose of habitat
enhancement and floodplain connectivity

Existing Conditions
The proposed project site is mainly composed of Geomorphic Subreach 1 (Photos 8, 9, and 10)
identified by Herrera (2014).

Photo 8. Typical habitat conditions in the White River channel downstream of the Little
Wenatchee River Road bridge.
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Photo 9. Typical habitat conditions in the White River channel downstream of the Little
Wenatchee River Road bridge.

Photo 10. Typical habitat conditions in the White River channel downstream of the Little
Wenatchee River Road bridge.
The lower White River within the proposed project site is a Response reach (lower gradient,
alluvial, transport-limited reaches), where morphological adjustments are expected to occur
in response to altered hydrology or sediment supply. The channel exhibits a mix of glide/
run and plane bed morphologies, which are geomorphically consistent with the pool/riffle
geomorphology describe by Montgomery and Buffington (1998). Occasional small dunes and
ripples were also observed in the sand-dominated bed. Based on estimates and measurements
of channel geometry and substrate, the channel within the project site was classified as
a Rosgen E5 channel type (Rosgen 1996). The area is incised, which is pronounced by the
presence of natural levees along both banks, and the historical floodplain is disconnected
hydraulically from the river in many areas. The slope of the proposed project reach was
June 2014
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estimated to be 0.008 percent based on available lidar data, and low flow hydraulics in the
reach appear to be dominated by backwater from Lake Wenatchee. Sinuosity was calculated
to be 1.6, significantly lower than the upstream subreaches.
Large woody material has been shown to be a critical component driving both river process
and forming critical habitat for salmonids in rivers across the Pacific Northwest (Collins et al.
2012). Virtually all modern riverine systems lack the historical quantity and size of LWM that
existed prior to European settlement (Collins et al. 2002). The lower White River is no
different, having been “cleaned” of LWM in the past to support log transport for the timber
industry.
Observations of LWM in the proposed project reach confirmed the conclusions made by other
studies:


Significant quantities of naturally occurring LWM are recruited to the lower White
River on an annual basis.



Significant amounts of LWM exist in the river bed.



Very few large, stable, key pieces of LWM remain in the channel due to historical
removal.



The size and age of the existing trees in the White River floodplain that are recruited
to the channel are, generally, not great enough to provide LWM that is able to act as
stable, key members to form persistent natural jams.



Most of the LWM recruited to the channel is transient, moving down river during peak
flow events with some of the material (smaller pieces that do not get captured at the
bridge (see below) eventually delivered to Lake Wenatchee, or becoming waterlogged
and buried in the bed.



There is also significant LWM removal at the Little Wenatchee River Road Bridge,
which starves the reach downstream.

It was concluded that a project focused on improving long-term retention of naturally
occurring LWM within the project area would result in significant ecological uplift by
providing complex habitat as well as improving fluvial processes.
An existing conditions plan view is included in the preliminary design planset for the project
in Appendix A.

Preliminary Design Alternatives
Table 5 outlines the three project alternatives considered for Site 3. The alternatives
include: performing no wood atonement measures downstream of the Little
Wenatchee River Road Bridge, installing log pile arrays to trap naturally recruited
LWM, and installing a combination of large wood structures to immediately enhance
habitat along with log pile arrays to trap naturally recruited LWM.
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Table 5.

#

Alternative

1

Do Nothing

Project Alternatives Comparison for Site 3

Description

Discussion of Pros and Cons

Retain current conditions where naturally recruited LWM

Pros – No cost.

moves rapidly through the reach due to lack of large key

Cons – No habitat enhancement or hydrologic

pieces.

connectivity benefit. Retains the status quo habitat

Relative Cost of
Final Design and
Construction
No cost

condition within the reach where lack of key pieces of
LWM results in little or no retention of naturally recruited
LWM.
2

Pile Arrays

Install pile arrays at key locations in project reach via

Pros – Pile arrays will trap naturally recruited LWM in the

barge and pile driver.

project reach, improving physical habitat and enhancing

The pile arrays are designed to act as surrogates for the

floodplain connectivity.

massive key pieces of old growth timber that historically

Cons – Pile arrays alone do not provide habitat benefits

would have been common in the channel and acted as

until naturally recruited LWM racks up on them. With the

anchoring points for small, transient LWM.

proposed Phase 1 Atonement project upstream of the

Moderate

bridge, it may take some time before significant volumes
of LWM transport into this reach, causing a delay in the
overall benefit of the project.
3

Pile Arrays

Install pile arrays at key locations in project reach via

Pros – Will provide immediate habitat benefit (large wood

and Large

barge and pile driver.

structures) as well as locations for longer term

Wood

The pile arrays are designed to act as surrogates for the

recruitment of naturally recruited LWM from upstream

Structures

massive key pieces of old growth timber that historically

(pile arrays)

would have been common in the channel and acted as

Cons – Cost to install large Wood structures via

anchoring points for small, transient LWM.

helicopter increases overall project cost significantly.

High

Install complex large wood structures using a
combination of barged pile driver and helicopter placed
large trees and racking logs.
Large wood structures would provide immediate channel
roughness and habitat forming effects while naturally
recruited LWM eventually accumulates in pile arrays.
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Preferred Alternative
The preferred alternative for Site 3 is Alternative 3 – Pile Arrays and Large Wood Structures.
The preliminary design planset for the project is in Appendix A.
Alternative 3 was selected after considering the three alternatives based on relative cost and
likely positive impact in both the short and long term to fluvial processes and habitat in the
lower White River.
Alternative 1 – Do Nothing was not selected because it would have no positive influence on
limiting factors within the project reach. Project feasibility is high based on the results of the
Phase 1 planning and design process.
Alternative 2 – Pile Arrays only was a reasonably priced alternative with significant long-term
ecological benefits expected. However, the more comprehensive alternative (Alternative 3 –
Pile Arrays and Large Wood Structures) was chosen because the project partners felt that
installing only log pile arrays might not result in significant short-term as well as long-term
benefits to ecological and fluvial processes. Phase 1 of the wood atonement project, located
upstream of the Little Wenatchee River Road bridge, will likely trap a significant percentage
of the naturally mobilized LWM in the system, resulting in a decrease in wood volume being
delivered into the Phase 2 project area downstream of the bridge. By including large wood
structures as well as pile arrays, the proposed project will have short-term ecological
benefits, as well as longer-term benefits when mobile wood eventually makes its way into the
reach in greater quantities.

Design Considerations and Preliminary Analysis
The proposed wood atonement project builds on the Phase 1 wood atonement project
designed for the reach upstream of the Little Wenatchee River Road bridge. The Phase 1
design was developed by project partners at the Cascade Columbia Fisheries Enhancement
Group and the US Fish and Wildlife Service, with engineering services provided by Natural
Systems Design.
The proposed project extends the reach of the current wood atonement (Phase 1) project by
adding both pile arrays and large wood structures to the reach extending from the Little
Wenatchee Road Bridge downstream to the mouth at Lake Wenatchee.
Phase 2 of the wood atonement project proposed to use the same typical structure designs
for the pile arrays and large wood structures as Phase 1, as shown in the plans (Appendix A).
The orientation of the pile arrays was developed to maximize the ability to catch naturally
recruited LWM. Proposed pile array locations were selected based on observations of typical
areas where natural LWM becomes deposited, including on the outsides of meander bends.
This serves one of the key objectives of the project, which is to retain naturally occurring
LWM in the White River for as long as possible, and to encourage formation of large persistent
log jams for the purpose of habitat enhancement and floodplain connectivity.
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The orientation and design of the large wood structures was designed to mimic the form and
function of many natural LWM accumulations seen on large rivers throughout the Pacific
Northwest. Large “key logs” are supported in place by driven piles, and smaller “racking logs”
are added to the face of the structure to improve hydraulic roughness and enhance habitat
complexity. These structures serve the objective of immediately improving hydraulic
roughness and habitat complexity before naturally occurring LWM is able to rack up on pile
array structures. As previously stated, this is particularly important downstream of the bridge
because the Phase 1 project located upstream is expected to capture a significant percentage
of drifting logs in the near term.
The structures both include pile size and installation depths based on HEC-RAS hydraulic
modeling performed by Natural Systems Design (Natural Systems Design 2014) and the known
limitations of the available pile driving equipment.
The final design of Phase 1 included hydraulic modeling and a memorandum (Natural Systems
Design 2014) showing the anticipated effect of the proposed structures on the 100-year flood
water surface elevation.
All piles are designed for installation from a floating barge, with no impact to floodplain areas
for equipment access other than a small materials staging area in an already disturbed site
just off of the Little Wenatchee River Road. Additional key and racking logs that make up the
large wood structures will be installed with helicopters.

Construction Quantities and Preliminary Construction Cost Estimate
The estimated cost of final design and construction for the proposed alternative, including
20 percent contingency, is $510,000.
The general breakdown of estimated cost elements is shown in Table 6:
Table 6.

Cost Estimate Summary for Site 3.

Direct Construction Costs

$354,200

Miscellaneous Costs

$

Engineering Design, and Permitting Costs

$ 70,000

SUBTOTAL ESTIMATED PROJECT COSTS:
CONTINGENCY

500

$424,700
$ 84,940

TOTAL ESTIMATED PROJECT COSTS:

$510,000*

*Cost rounded to the nearest $1,000.

A detailed cost estimate spreadsheet table is provided in Appendix B. Construction quantities
are included in the cost estimate spreadsheet table where appropriate.
The proposed project includes installation of 20 Pile Arrays and 13 Large Wood Structures.
Each Pile Array consists of three piles. Each Large Wood Structure consists of 8 piles, 2 key
member logs, 1 ballast member log, and 15 racking logs. No earthwork is required for
structure installation.
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APPENDIX A
Preliminary Design Drawings
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SITE 3

GENERAL NOTES (CONTINUED)

GENERAL NOTES
1.

MATERIAL STOCKPILE AND STAGING AREAS TO BE LOCATED AS SHOWN ON THE SITE
PLAN. MATERIAL SHALL NOT BE STORED OUTSIDE OF IDENTIFIED AREAS, UNLESS
APPROVED BY THE ENGINEER.

2.

IF REQUIRED IN CONTRACT SPECIFICATIONS ALL EQUIPMENT OPERATING IN AREAS
OTHER THAN EXISTING UNIMPROVED ACCESS ROADS SHALL USE ONLY
BIODEGRADABLE HYDRAULIC FLUIDS.

3.

CONTRACTOR SHALL LIMIT MACHINERY MOVEMENT TO PROJECT LIMITS DEFINED ON
SITE PLAN OR IDENTIFIED AS ACCEPTABLE BY THE ENGINEER.

4.

CLEARING LIMITS FOR TEMPORARY ACCESS ROAD AND PROPOSED STRUCTURES
SHALL BE LIMITED TO THE AREA REQUIRED FOR SAFE EQUIPMENT OPERATION.
CLEARING LIMITS SHALL BE STAKED BY CONTRACTOR AND APPROVED BY ENGINEER
AT LEAST 3 DAYS PRIOR TO CLEARING ACTIVITIES. CLEARING LIMITS SHALL BE STAKED
TO MINIMIZE THE AREA OF DISTURBANCE.

5.

CONTRACTOR SHALL PROVIDE MINIMUM 24 HOURS ADVANCE NOTICE TO THE
ENGINEER PRIOR TO ANY REQUIRED INSPECTION. CONTRACTOR SHALL SUBMIT FOR
APPROVAL A CONSTRUCTION SEQUENCE PLAN AT LEAST 5 DAYS PRIOR TO SITE WORK
INCLUDING DRIVING/EXCAVATION/LOG PLACEMENT AND BACKFILL.

6.

APPROVED CONSTRUCTION SEQUENCE PLAN SHALL NOT BE ALTERED UNLESS
APPROVED BY THE ENGINEER.

7.

FIELD VERIFY WITH ENGINEER ALL LOG PLACEMENT LOCATIONS, LENGTHS, WIDTHS,
AND ELEVATIONS PRIOR TO EXCAVATION, ASSEMBLY, AND INSTALLATION.

8.

EQUIPMENT USED FOR THIS PROJECT SHALL BE FREE OF EXTERNAL
PETROLEUM-BASED PRODUCTS WHILE WORKING NEAR ANY SURFACE WATER OR
WETLANDS. ACCUMULATION OF SOILS OR DEBRIS SHALL BE REMOVED FROM THE
DRIVE MECHANISMS (WHEELS, TRACKS, TIRES, ETC.) AND UNDERCARRIAGE OF
EQUIPMENT PRIOR TO ITS WORKING BELOW THE ORDINARY HIGH WATER ELEVATION.

9.

EQUIPMENT SHALL BE CHECKED DAILY FOR LEAKS, AND ANY NECESSARY REPAIRS
SHALL BE COMPLETED PRIOR TO COMMENCING WORK ACTIVITIES.

10. THE CONTRACTOR IS RESPONSIBLE TO ENSURE THAT NO PETROLEUM PRODUCTS,
HYDRAULIC FLUID, SEDIMENTS, SEDIMENT-LADEN WATER, CHEMICALS, OR ANY OTHER
TOXIC OR DELETERIOUS MATERIALS ARE ALLOWED TO ENTER OR LEACH INTO THE
RIVER, GROUNDWATER, OR WETLANDS.
11. IF AT ANY TIME, AS A RESULT OF PROJECT ACTIVITIES, FISH ARE OBSERVED IN
DISTRESS, A FISH KILL OCCURS, OR WATER QUALITY PROBLEMS DEVELOP (INCLUDING
EQUIPMENT LEAKS OR SPILLS), OPERATIONS SHALL CEASE AND THE ENGINEER SHALL
BE NOTIFIED IMMEDIATELY. WASHINGTON DEPARTMENT OF FISH AND WILDLIFE AND
WASHINGTON STATE DEPARTMENT OF ECOLOGY SHALL BE CONTACTED IMMEDIATELY
BY THE ENGINEER OR BY HIS/HER DESIGNEE. WORK SHALL NOT RESUME UNTIL
FURTHER APPROVAL BY OWNER'S REPRESENTATIVE.
12. EROSION CONTROL METHODS SHALL BE USED TO PREVENT SILT-LADEN WATER FROM
ENTERING THE RIVER. ALL DISCHARGE WATER CREATED BY CONSTRUCTION (E.G.,
PUMPING FOR WORK AREA ISOLATION, VEHICLE WASH WATER) SHALL BE CONTROLLED
AND TREATED AS NECESSARY TO AVOID NEGATIVE WATER QUALITY AND QUANTITY
IMPACTS. DISCHARGE WATER MANAGEMENT MAY BE ACCOMPLISHED WITH
DISPERSION INTO NATIVE VEGETATION AWAY FROM THE RIVER OR BY OTHER MEANS.

NOTE AND DETAIL/SECTION REFERENCING
DETAIL REFERENCE NUMBER
DRAWING ON WHICH DETAIL IS SHOWN

SCALE: NTS

1

DRAWING FROM WHICH DETAIL WAS TAKEN

SECTION REFERENCE LETTER

A
Path: P:\Proj\Y2012\12-05519-000 Lower White CAD\CAD\Dwgs\G-GENERAL 12-05519-000.dwg
Plot Date:
6/11/2014 3:03 PM
Cad User: Richmond Hulme

C-4

SCALE: NTS

SECTION REFERENCE LETTER

A
C-2

DRAWING FROM WHICH SECTION WAS TAKEN

"-" INDICATES THAT THE DETAIL/SECTION IS SHOWN ON THE SAME SHEET
"TYP" INDICATES THAT THE DETAIL/SECTION IS UNIFORMLY TYPICAL
THROUGHOUT PROJECT EXCEPT WHERE OTHERWISE NOTED
"VAR" SPECIFIES THAT DETAIL/SECTION WAS TAKEN FROM VARIOUS DRAWINGS

23. PERMITTED INSTREAM WORK WINDOWS SHALL BE FOLLOWED TO AVOID AND MINIMIZE
IMPACTS TO SALMONIDS. WORK BELOW THE ORDINARY HIGH WATER LEVEL SHALL BE
COMPLETED DURING PERMITTED IN-WATER WORK WINDOWS, WHEN LISTED
SALMONIDS ARE LEAST LIKELY TO BE PRESENT IN THE PROJECT AREA.
24. WORK AREAS SHALL BE ISOLATED AND DEWATERED AS NEEDED DURING
CONSTRUCTION.
25. CONTRACTOR SHALL PREPARE A WORK AREA ISOLATION PLAN FOR ALL WORK BELOW
THE ORDINARY HIGH WATER ELEVATION REQUIRING FLOW DIVERSION OR ISOLATION.
THE WORK AREA ISOLATION PLAN SHALL INCLUDE THE SEQUENCING AND SCHEDULE
OF DEWATERING AND REWATERING ACTIVITIES, PLAN VIEW OF ALL ISOLATION
ELEMENTS, AS WELL AS A LIST OF EQUIPMENT AND MATERIALS TO ADEQUATELY
PROVIDE APPROPRIATE REDUNDANCY OF ALL KEY PLAN FUNCTIONS (E.G., AN
OPERATIONAL, PROPERLY SIZED BACKUP PUMP AND/OR GENERATOR).
26. CONTRACTOR SHALL PREPARE AND IMPLEMENT A SPILL PREVENTION AND CONTROL
PLAN.
27. CONTRACTOR SHALL PREPARE AND IMPLEMENT AN EROSION AND SEDIMENT CONTROL
PLAN FOR ALL DISTURBED AREAS DURING CONSTRUCTION.
28. ANY WATER INTAKES USED FOR THE PROJECT, INCLUDING PUMPS USED TO DEWATER
THE WORK ISOLATION AREA, SHALL HAVE A FISH SCREEN INSTALLED, OPERATED AND

29. WHEN NOT IN USE, VEHICLES AND EQUIPMENT THAT CONTAIN OIL, FUEL, AND/OR
CHEMICALS SHALL BE STORED IN A STAGING AREA LOCATED AT LEAST 150 FEET FROM
THE US ARMY CORPS OF ENGINEERS JURISDICTIONAL BOUNDARY OF WETLANDS AND
WATERBODIES. IF POSSIBLE STAGING SHALL BE LOCATED AT LEAST 300 FEET AWAY
AND ON IMPERVIOUS SURFACES TO PREVENT SPILLS FROM REACHING GROUND
WATER. WHERE MOVING EQUIPMENT DAILY WITHIN AT LEAST 150 FEET OF
WATERBODIES WOULD CREATE UNACCEPTABLE LEVELS OF DISTURBANCE (E.G.
MULTIPLE STREAM CROSSINGS, MULTIPLE PASSES OVER SENSITIVE VEGETATION) A
CLOSER STAGING LOCATION WITH AN ADEQUATE SPILL PREVENTION AND CONTROL
PLAN MAY BE PROPOSED.
30. TO THE EXTENT FEASIBLE, WORK REQUIRING USE OF HEAVY EQUIPMENT SHALL BE
COMPLETED BY WORKING FROM THE TOP OF THE BANK.
31. FISH SALVAGE WITHIN THE WORK AREA WILL BE PERFORMED BY OTHERS PRIOR TO
CONSTRUCTION.

14. IF HIGH FLOW CONDITIONS THAT MAY CAUSE SILTATION OR EROSION ARE
ENCOUNTERED DURING CONSTRUCTION, WORK SHALL STOP UNTIL THE FLOW
SUBSIDES.
15. CONTRACTOR SHALL SALVAGE ALL TREES REMOVED FOR ACCESS OR AS PART OF
CONSTRUCTION WITH DIAMETER AT BREAST HEIGHT (DBH) GREATER THAN 10 INCHES
FOR USE AS HABITAT.

DRAWING ON WHICH SECTION IS SHOWN

SECTION

22. NO PERMANENT ACCESS-WAYS WILL BE BUILT. ALL TEMPORARY ACCESS WAYS SHALL
BE REMOVED (INCLUDING GRAVEL SURFACES) AND PLANTED WITH NATIVE
VEGETATION UPON PROJECT COMPLETION.

13. ALTERATION OR DISTURBANCE OF THE BANK AND BANK VEGETATION SHALL BE
MINIMIZED TO THAT NECESSARY TO CONSTRUCT THE PROJECT. CONTRACTOR SHALL
KEEP DISTURBED AREAS WITHIN LIMITS SHOWN ON PLANS.

DETAIL REFERENCE NUMBER

C-1

21. THE NUMBER OF TEMPORARY ACCESS-WAYS SHALL BE MINIMIZED AND THESE SHALL
BE DESIGNED TO AVOID ADVERSE EFFECTS LIKE CREATING EXCESSIVE EROSION.

16. ALL LOGS SHALL BE ACCESSIBLE FOR INSPECTION AND APPROVAL BY THE ENGINEER
PRIOR TO INSTALLATION.
17. ALL REVEGETATION MATERIALS SHALL BE ACCESSIBLE FOR INSPECTION AND
APPROVAL BY THE ENGINEER PRIOR TO PLANTING.
18. EXCAVATIONS THAT HAVE POTENTIAL TO IMPACT THE WETTED CHANNEL OF THE RIVER
OR OTHER FLOW PATHWAYS SHALL BE ISOLATED. ISOLATION SHALL BE
ACCOMPLISHED WITH SILT BOOMS, BULK BAGS, BLADDER DAMS OR APPROVED EQUAL
AS NECESSARY TO PREVENT IMPACTS TO WATER QUALITY.

ONE INCH

DETAIL

20. ANY ORGANIC MATERIAL THAT HAS TO BE CLEARED FOR ACCESS WILL BE DISPOSED
OF IN A MANNER THAT AVOIDS SPREADING INVASIVE PLANT SPECIES SUCH AS REED
CANARYGRASS.
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19. CONTRACTOR SHALL LIMIT TEMPORARY ACCESS ROAD TO 15' WIDE.

NOTE: ELEVATION CONTOURS
DO NOT SHOW GROUND
SURFACE BELOW WATER LEVEL.
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C-

NOTE: ELEVATION CONTOURS
DO NOT SHOW GROUND
SURFACE BELOW WATER LEVEL.

NOTE: CONTOURS SHOWN ARE FROM LIDAR
MAPPING, NOT A FORMAL GROUND SURVEY
AND ARE APPROXIMATE. DATUM: NAVD88.
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E

EXISTING
LOGJAM

W

T
ROU

RESTORE ACCESS ROUTE WITH NATIVE PLANTINGS
(SEE DETAIL ON SHEET C-1.4) AND SPREAD CLEARED
BRANCHES OVER THE ROUTE.

H
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UT
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I V
E R

REMOVE EXISTING CULVERT.
EXCAVATE AND GRADE TO
MATCH EXISTING THALWEG LINE.
SEE SHEET C-1.3
INSTALL SANDBAG DAM AND SCREENED PUMP FOR TEMPORARY
DEWATERING OF SITE AS NEEDED NO SURFACE FLOW IS EXPECTED
IN THE WETLAND OUTLET CHANNEL DURING THE CONSTRUCTION
WORK WINDOW. SEE SHEET G-2 FOR GENERAL TESC NOTES.
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GRADING LIMITS

INSTALL BEAVER DAM ATTRACTOR/ANCHOR NEAR
LOCATION OF EXISTING CULVERT INLET FOLLOWING
CULVERT REMOVAL AS DIRECTED BY ENGINEER.
SEE DETAIL AND NOTES ON SHEET C-1.4
W

REVEGETATE PLANTING ZONE 2
ON TOP OF BANKS PER DETAILS ON
SHEET C-1.4

R

REVEGETATE AND INSTALL EROSION CONTROL
FABRIC ON CUT SLOPES (PLANTING ZONE 1) DOWN TO THE
ELEVATION OF PERSISTENT WOODY VEGETATION
IN THE WETLAND OUTLET CHANNEL.
SEE DETAILS ON SHEET C-1.4
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SITE 1
ACCESS PLAN
SCALE: 1" = 300'

REGRADE BANKS TO THE MILDEST POSSIBLE
SLOPE ANGLE THAT ALLOWS FOR PRESERVATION
OF EXISTING COTTONWOOD TREES, WHILE
MATCHING SURROUNDING GRADE AT TOP OF BANK
AND CHANNEL THALWEG UPSTREAM AND
DOWNSTREAM OF EXISTING CULVERT

LEGEND
EXISTING ELEVATION CONTOUR
PROPOSED ELEVATION CONTOUR

B

3

1.
C-

PRESERVE EXISTING
BEAVER DAMS

BEAVER DAM ATTRACTION/ANCHOR
SANDBAG DAM (TEMPORARY)
DEWATERING PUMP
PROPERTY BOUNDARY (APPROXIMATE)
OHWM

ORDINARY HIGH WATER LINE (APPROX.)
TREES SHOWN ON SHEET C-1.3
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GRADING LIMITS

PRESERVE EXISTING
COTTONWOOD TREE
ON RIVER BANK

PRESERVE EXISTING
COTTONWOOD TREE
ON RIVER BANK

EXCAVATE AND HAUL OFF
EXISTING CULVERT OVERBURDEN

EXISTING VEGETATION ON TOP OF BANK
IS PRIMARILY INVASIVE REED CANARYGRASS
WITH SCATTERED SMALL NATIVE WILLOWS

EXISTING GROUND
TOP OF BANK

OHW (APPROX.)

REGRADE BANKS TO THE MILDEST POSSIBLE
SLOPE ANGLE THAT ALLOWS FOR PRESERVATION
OF EXISTING COTTONWOOD TREES, WHILE
MATCHING SURROUNDING GRADE AT TOP OF BANK
AND CHANNEL THALWEG UPSTREAM AND
DOWNSTREAM OF EXISTING CULVERT

INSTALL EROSION CONTROL BLANKET ON CUT
SLOPES AND REVEGETATE DOWN TO THE
ELEVATION OF PERSISTENT WOODY VEGETATION
IN THE WETLAND OUTLET CHANNEL.
SEE DETAILS ON SHEET C1.4

APPROXIMATE WHITE RIVER
WATER SURFACE ELEVATION
AT 800 - 1000 CFS

REMOVE EXISTING CULVERT
AND HAUL OFF

WETLAND OUTLET CHANNEL CROSS SECTION

A

SCALE: 1"=10'

C-1.2

INSTALL SANDBAG DAM AND SCREENED PUMP
FOR TEMPORARY DEWATERING OF SITE AS NEEDED.
DISCHARGE ANY PUMPED WATER TO ADJACENT UPLANDS.
NO SURFACE FLOW IS EXPECTED IN THE WETLAND
OUTLET CHANNEL DURING THE CONSTRUCTION WORK
WINDOW. SEE SHEET G-2 FOR GENERAL TESC NOTES.
PRESERVE
EXISTING GROUND
CHANNEL THALWEG

PRESERVE EXISTING BEAVER DAM

EXCAVATE AND HAUL OFF
EXISTING CULVERT OVERBURDEN
EXISTING GROUND
TOP OF WHITE RIVER BANK

TOP OF OUTLET
CHANNEL BANK
WHITE RIVER
OHW (APPROX.)

REMOVE EXISTING CULVERT
AND HAUL OFF

APPROXIMATE WHITE RIVER
WATER SURFACE ELEVATION
AT 800 - 1000 CFS

EXISTING CULVERT IS PARTIALLY CLOGGED
WITH BEAVER CUTTINGS
NOTE: WETLAND OUTLET WATER SURFACE ELEVATIONS SHOWN IN THE LONGITUDINAL
PROFILE ARE TYPICAL OF WET, EARLY SPRING CONDITIONS SUCH AS THOSE OBSERVED
MARCH 28 - APRIL 4, 2014. MID-SUMMER OBSERVATIONS OF THE SITE CONFIRM THAT
LITTLE OR NO FLOW IS ANTICIPATED IN THE WETLAND OUTLET AND THE WATER SURFACE
OF THE WHITE RIVER SHOULD BE BELOW AND OUTSIDE OF THE WORK AREA
DURING THE CONSTRUCTION IN-WATER WORK WINDOW.

SCALE: 1"=10'

PROPOSED THALWEG GRADE
MATCHES THAT OF EXISTING CULVERT

B

ONE INCH

WETLAND OUTLET CHANNEL LONGITUDINAL PROFILE

INSTALL BEAVER DAM ATTRACTOR/ANCHOR NEAR
LOCATION OF EXISTING CULVERT INLET FOLLOWING
CULVERT REMOVAL. SEE DETAIL AND NOTES ON SHEET C1.4

C-1.2
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PRESERVE EXISTING GRADES AND VEGETATION
OUTSIDE OF DELINEATED GRADING LIMITS AND ACCESS ROUTES

PLANTING ZONE 2

PLANTING ZONE 1

PLANTING ZONE 1

PLANTING ZONE 2

4.

BEAVER DAM ATTRACTOR.
SEE DETAIL 3.
ELEVATION CONSISTENT WITH PERSISTENT WOODY
VEGETATION IN THE WETLAND OUTLET CHANNEL

REVEGETATION
SCALE: NTS

2
-

5.

REVEGETATION NOTES

SCALE: NTS

SEE PLANT SCHEDULE FOR SPECIES.

2.

LOCATION OF PLANTING AREAS SHALL BE APPROVED BY ENGINEER.

3.

PLANTING ZONE 1 INCLUDES ALL CUT SLOPES INSIDE THE TOP OF BANK.

4.

PLANTING ZONE 2 INCLUDES DELINEATED AREA AT THE TOP OF BANKS AS
WELL AS ANY AREAS ALONG THE PROPOSED ACCESS ROUTE THAT ARE
DISTURBED DURING CONSTRUCTION.

http://www.nwfsc.noaa.gov/research/divisions/fe/wpg/beaver-assist-stld.cfm

1
C1.3

5.

INSTALL EROSION CONTROL BLANKET AND BEAVER DAM ATTRACTORS
IMMEDIATELY AFTER GRADING IS COMPLETE.

6.

REVEGETATE SITE IN THE LATE FALL, PRIOR TO THE FIRST FROST.

7.

BROWSE PROTECTION IS RECOMMENDED FOR ALL PLANTINGS.

EROSION CONTROL BLANKET CONSTRUCTION NOTES
1.

2.

3.

4.
5.

SCALE: NTS

3
C-1.3

BEAVER DAM ATTRACTOR CONSTRUCTION NOTES
1.

INSTALL UNTREATED, WOODEN FENCEPOST AT A 2 TO 3 FOOT INTERVAL
ACROSS THE BOTTOM OF THE NEWLY CONSTRUCTED CHANNEL UP TO AN
ELEVATION EQUIVALENT TO 2 TO 3 FEET ABOVE THE APPROXIMATE EARLY
SPRING WATER SURFACE ELEVATION.

2.

FENCE POSTS SHALL BE UNTREATED CEDAR, STRIPPED OF BARK, AND
APPROXIMATELY 6 FEET LONG AND 3 TO 4 INCHES IN DIAMETER.

3.

INSTALLATION MAY BE SIMPLIFIED BY SHARPENING ONE END OF THE FENCE
POSTS TO A POINT USING A CHAINSAW.

4.

INSTALL POSTS USING A HYDRAULIC POST DRIVER OR SLEDGE.

5.

INSTALLED POSTS SHOULD EXTEND NO MORE THAN 2 FEET ABOVE FINISHED
GRADE. INSTALLATION AS DIRECTED BY THE ENGINEER.

PLANT SCHEDULE

ONE INCH
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6.

PREPARE SOIL BEFORE INSTALLING FABRIC ACCORDING TO MANUFACTURER
RECOMMENDATIONS, INCLUDING ANY NECESSARY APPLICATION OF LIME,FERTILIZER,
AND SEED.
BEGIN AT THE TOP OF THE SLOPE BY ANCHORING THE BLANKET IN A 6" DEEP X 6" WIDE
TRENCH WITH APPROXIMATELY 12" OF FABRIC EXTENDED BEYOND THE UP-SLOPE
PORTION OF THE TRENCH. ANCHOR THE BLANKET WITH A ROW OF WOOD STAKES
APPROXIMATELY 12" APART IN THE BOTTOM OF THE TRENCH. BACKFILL AND COMPACT
THE TRENCH AFTER STAKING. APPLY SEED TO COMPACTED SOIL AND FOLD
REMAINING 12" PORTION OF FABRIC BACK OVER SEED AND COMPACTED SOIL. SECURE
FABRIC OVER COMPACTED SOIL WITH A ROW OF STAKES SPACED APPROXIMATELY 12"
APART ACROSS THE WIDTH OF THE FABRIC.
ROLL THE FABRIC (A.) DOWN OR (B.) HORIZONTALLY ACROSS THE SLOPE. FABRIC
SHALL BE UNROLLED WITH APPROPRIATE SIDE AGAINST THE SOIL SURFACE. ALL
FABRIC SHALL BE SECURELY FASTENED TO SOIL SURFACE BY PLACING STAKES IN
APPROPRIATE LOCATIONS PER MANUFACTURERS RECOMMENDATIONS.
THE EDGES OF PARALLEL FABRIC PIECES SHALL BE STAKED WITH MINIMUM 6"
OVERLAP.
CONSECUTIVE FABRIC PIECES SPLICED DOWN THE SLOPE SHALL BE PLACED END
OVER END (SHINGLE STYLE) WITH MINIMUM 6" OVERLAP. STAKE THROUGH
OVERLAPPED AREA, APPROXIMATELY 12" APART ACROSS ENTIRE FABRIC WIDTH.
COIR EROSION CONTROL FABRIC SHALL BE NORTH AMERICAN GREEN C125BN OR
APPROVED EQUAL.

BEAVER DAM ATTRACTOR/ANCHOR
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EXISTING ELEVATION CONTOUR

NOTE: CONTOURS SHOWN ARE FROM LIDAR
MAPPING, NOT A FORMAL GROUND SURVEY
AND ARE APPROXIMATE. DATUM NAVD88.

EXISTING
FOREST
VEGETATION
RO
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REED
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AND
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GRASSES

INSTALL LOG STRUCTURE (TYP.)
SEE DETAIL ON SHEET C-2.4
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GRADING LIMITS

C
REGRADE BANKS PER TYPICAL
CROSS SECTIONS. SEE SHEET C-2.3

C-2.3
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EE

RETAIN EXISTING BASE FLOW CHANNEL

RELOCATE EXISTING FOOTBRIDGE

LITTLE

REVEGETATION AREA
SEE DETAIL ON SHEET C-2.4

REVEGETATION AREA.
SEE DETAIL ON SHEET C-2.4

REED
CANARYGRASS
AND
PASTURE
GRASSES

STAGING AREA

SITE 2
ACCESS PLAN
PROPOSED TOP OF BANK
(GRADING LIMITS)

SCALE: 1" = 200'

EXISTING TOP OF BANK

A
C-2.3

NOTE: ELEVATION CONTOURS
ARE DO NOT SHOW GROUND
SURFACE BELOW WATER LEVEL.

ACCESS ROUTE

LEGEND
W H I
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RESTORE ACCESS ROUTE WITH NATIVE PLANTINGS
SEE DETAIL ON SHEET C-2.4

GRADING AND REVEGETATION AREA
PROPERTY BOUNDARY (APPROXIMATE)
ORDINARY HIGH WATER LINE (APPROX.)
TEMPORARY CONSTRUCTION
STAGING AREA

SURFACE
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ACCESS ROUTE

ONE INCH

EXISTING
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RETAIN BASE FLOW CHANNEL WIDTH
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DITCH SECTION A - TYPICAL MODIFIED CROSS SECTION

A

SCALE: NTS

C-2.2

SOILS OFF SITE. SEE SHEET C-2.4 FOR REVEGETATION DETAILS.
EXCAVATE RIGHT (EAST) BANK WITH INSET FLOODPLAIN BENCH AND
DISPOSE OF EXCAVATED SOILS OFF SITE. SEE SHEET C-2.4 FOR
REVEGETATION DETAILS.
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2

PLANTING ZONE 2

PLANTING
ZONE 1

ORDINARY HIGH WATER

PLANTING ZONE 1

PLANTING ZONE 2
1

EDGE OF BASE FLOW CHANNEL
3

TOP OF EXCAVATED BANK

PLANTING ZONE 3

3

1

PLANTING ZONE 3
2

REVEGETATION

A

1
-

SCALE: NTS

LASH KEY LOGS TO TO PILES
WITH 1" MANILLA ROPE

NOTE: SEE SHEET C-2.3 FOR
CHANNEL BANK GRADING

REVEGETATION NOTES
1.

LOG STRUCTURE DETAIL, TYP.

SEE PLANT SCHEDULE FOR SPECIES.

2

SCALE: NTS
2.

LOCATION OF PLANTING AREAS SHALL BE APPROVED BY ENGINEER.

3.

PLANTING ZONE 1 INCLUDES ALL CUT SLOPES INSIDE THE TOP OF BANK.

4.

PLANTING ZONE 2 INCLUDES DELINEATED AREA AT THE TOP OF BANKS AS
WELL AS ANY AREAS ALONG THE PROPOSED ACCESS ROUTE THAT ARE
DISTURBED DURING CONSTRUCTION.

5.

PLANTING ZONE 3 INCLUDES AREAS BELOW THE TOP OF THE LOW FLOW
CHANNEL BANK

6.

REVEGETATE SITE IN THE LATE FALL, PRIOR TO THE FIRST FROST.

7.

BROWSE PROTECTION IS RECOMMENDED FOR ALL PLANTINGS.

C-2.2

PROPOSED GROUND SURFACE
3

LASH LOGS TO TO PILES
WITH 1" MANILLA ROPE

1
1

3

2

PLANT SCHEDULE

DRIVE PILE AT LEAST
6 FEET INTO GROUND

NOTE: SEE SHEET C-2.3 FOR
CHANNEL BANK GRADING

LOG STRUCTURE SECTION, TYP.

A

SCALE: NTS

-

ALL LOG AND WOOD MATERIALS SHALL BE FROM CEDAR OR DOUGLAS FIR TREES AND FREE OF ROT, DECAY OR
MAJOR IMPERFECTIONS. LOG DIAMETER SHALL BE MEASURED AT APPROXIMATE MIDPOINT OF THE LENGTH.

LOG
NUMBER

LOG
TYPE

LOG SIZE

QUANTITY PER
STRUCTURE

PROJECT
QUANTITY

2.

ALL KEY LOGS SHALL BE PLACED ON THE PROPOSED GROUND SURFACE. NO BURIAL OF LOGS SHALL BE
CONDUCTED.

1

KEY

14-18" DIAM. x 15-25' LONG, WITH ROOTWAD

1-2

15

3.

LOGS SHALL BE LASHED TO PILES WITH 1" MANILA ROPE AT CONTACT POINTS, AS APPROVED BY ENGINEER.
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APPENDIX B
Preliminary Construction
Cost Estimates

Herrera Environmental Consultants, Inc.
CLIENT: CCFEG
PROJECT: Lower White River Floodplain Enhancement
SITE: 1 - Wetland Outlet Culvert Removal – Right Bank near RM 3.4

Prepared by: M. Klara, A. Rhode
Checked by: M. Ewbank
Table B-1. Preliminary Cost Estimate
Item
DIRECT CONSTRUCTION COSTS
WETLAND OUTLET CULVERT REMOVAL
ACCESS ROUTE CREATION
SITE CLEARING AND GRUBBING

June 2014
Quantity

Unit

Unit Cost

Amount

Notes

1
1

LS
LS

$1,500
$500

$13,098
$1,500
$500

Engineer's Estimate
Engineer's Estimate

BULK EXCAVATION

100

CY

$6

$600

SPOILS HAUL-OFF AND DISPOSAL

100

CY

$20

$2,000

1

EA

$500

$500

EROSION CONTROL BLANKET

156

SY

$5.00

$778

BEAVER DAM ATTRACTOR STRUCTURE

1.0

LS

$500

$500

RIPARIAN PLANTINGS
ACCESS ROUTE RESTORATION

0.06
1.0

AC
AC

$12,000
$6,000

$720
$6,000

CULVERT HAUL-OFF AND DISPOSAL

TOTAL DIRECT CONSTRUCTION COSTS:

Assumes 0.5 CY bucket capacity on
excavator, 20 second cycle time with 50%
efficiency. $170/hr excavator cost, $50/hr
operator cost, and $40/hr field laborer cost =
$260/hr.
Assumes haul to local site (30 miles round
trip, ~50 MINUTES DRIVE TIME). 10 CY
capacity on-road truck, 60 minute cycle time
with 75% efficiency. $80/hr truck cost and
$50/hr operator cost = $130/hr.
Assumes that culvert will be recycled or
disposed of by contractor OFF SITE.
Assumes cost for materials (fabric and
stakes) and installation of biodegradeable
erosion control matting on bare slopes
created by culvert removal. Based on
WSDOT UBA, recent project expereince, and
quote from ACF West. Dekowe 700 = $2.25
per SY matl cost
Engineers estimate for materials and
installation.
Engineer's Estimate
Engineer's estimate. Includes restoration of
vegetation, driveway surfaces, access roads,
etc.

$13,100

MOBILIZATION & MISC. COSTS
MOBILIZATION AND STAGING
TEMPORARY DEWATERING

1

LS

20%
$0

$2,620
$0

TEMPORARY EROSION AND SEDIMENT CONTROL

1

LS

$500

$500

TOTAL CONSTRUCTION COSTS:

Engineer's Estimate
Assumes no flow in the outlet at the time of
construction - no bypass system is required
Engineer's Estimate

$16,200

OTHER PROJECT COSTS
ENGINEERING DESIGN

1

LS

$12,000

$12,000

PERMITTING

1

LS

$10,000

$10,000

CONSTRUCTION MANAGEMENT/OVERSIGHT

-

%

15%

$2,430

SUBTOTAL ESTIMATED PROJECT COSTS:
CONTINGENCY
TOTAL ESTIMATED PROJECT COSTS:

-

30%

$40,600
$12,180
$53,000

6/11/2014

Assumes development of a simple final
design package suitable for bidding of the
project with a prequalified group of contractors
and construction with a significant degree of
on-site engineering oversight during
construction to make field adjustments as
needed.
Assumes permitting by CCFEG.

Rounded to nearest $1,000

Lower White River ‐ Preliminary Construction Cost Estimates.xlsx

Herrera Environmental Consultants, Inc.
CLIENT: CCFEG
PROJECT: Lower White River Floodplain Enhancement
SITE: 2 - Ditch Network Habitat Enhancement – Left Bank near RM 2.6

Prepared by: M. Klara, A. Rhode
Checked by: M. Ewbank
Table B-2. Preliminary Cost Estimate
Item
DIRECT CONSTRUCTION COSTS
DITCH NETWORK HABITAT ENHANCEMENT
ACCESS ROUTE CREATION
KEY LOGS WITH ROOTWADS

June 2014
Quantity

Unit

Unit Cost

Amount

1
15

LS
EA

$500
$700

$45,600
$500
$10,500

KEY LOGS WITHOUT ROOTWADS

5

EA

$600

$3,000

Engineer's estimate. Assumes $600 per log
delivered and installed.

LWD PILES

18

EA

$225

$4,050

Engineer's estimate. Assumes $125 per log
delivered to site and $100 to install.

BULK EXCAVATION

725

CY

$6

$4,350

SPOILS HAUL-OFF AND DISPOSAL

725

CY

$20

$14,500

RIPARIAN PLANTINGS

0.6

AC

$12,000

$7,200

Assumes 0.5 CY bucket capacity on
excavator, 20 second cycle time with 50%
efficiency. $170/hr excavator cost, $50/hr
operator cost, and $40/hr field laborer cost =
$260/hr.
Assumes haul to local site (30 miles round
trip, ~50 MINUTES DRIVE TIME). 10 CY
capacity on-road truck, 60 minute cycle time
with 75% efficiency. $80/hr truck cost and
$50/hr operator cost = $130/hr.
Engineer's Estimate

ACCESS ROUTE RESTORATION

1.00

LS

$1,500

$1,500

TOTAL DIRECT COSTS:

Engineer's Estimate
Engineer's estimate. Assumes $700 per log
delivered and installed.

Engineer's est. Includes restoration of
vegetation, driveway surfaces, access roads,
etc.

$45,600

MOBILIZATION & MISC. COSTS
MOBILIZATION AND STAGING
TEMPORARY DEWATERING

1

LS

8%
$0

$3,648
$0

TEMPORARY EROSION AND SEDIMENT CONTROL

1

LS

$500

$0

TOTAL CONSTRUCTION COSTS:

Assume machines cannot be stored in FP.
Assumes no flow in the outlet at the time of
construction - no bypass system is required
Engineer's Estimate

$49,200

OTHER PROJECT COSTS
ENGINEERING DESIGN

1

LS

$17,500

$17,500

PERMITTING

1

LS

$10,000

$10,000

CONSTRUCTION MANAGEMENT/OVERSIGHT

-

%

10%

$4,920

SUBTOTAL ESTIMATED PROJECT COSTS:
CONTINGENCY
TOTAL ESTIMATED PROJECT COSTS:

-

30%

$81,600
$24,480
$106,000

6/11/2014

Notes

Assumes development of a simple final
design package suitable for bidding of the
project with a prequalified group of contractors
and construction with a significant degree of
on-site engineering oversight during
construction to make field adjustments as
needed.
Assumes permitting by CCFEG.

Rounded to nearest $1,000

Lower White River ‐ Preliminary Construction Cost Estimates.xlsx

Herrera Environmental Consultants, Inc.
CLIENT: CCFEG
PROJECT: Lower White River Floodplain Enhancement
SITE: 3 - Phase 2 Wood Atonement - Downstream of Little Wenatchee River Road

Prepared by: M. Klara, A. Rhode
Checked by: M. Ewbank
Table B-3. Preliminary Cost Estimate
Item
DIRECT CONSTRUCTION COSTS
LARGE WOOD STRUCTURE
PILE MATERIAL AND INSTALLATION

June 2014
Quantity

Unit

Unit Cost

13
8

EA
EA

$20,404
$1,450

KEY MEMBER LOGS

2

EA

$550

BALLAST MEMBER LOGS

1

EA

$550

RACKING LOGS

15.0

EA

$250

HELICOPTER MOBILIZATION

0.077

LS/
Structure

$15,000

LOG PLACEMENT VIA HELICOPTER

0.333

HR/
Structure

$6,750

PILE ARRAY
PILE MATERIAL AND INSTALLATION

20
3

EA
EA

$4,350
$1,450

MISCELLANEOUS
STAGING AREA RESTORATION

1

LS

$2,000

TOTAL DIRECT COSTS:

Amount

Notes

$265,250
$11,600 Estimate from CCFEG. Includes mobilization,
staging, and installation via barge mounted
pile driver.
$1,100 Assumes cost of logs delivered to site ($550).
Installation via helicopter included as a
separate line item.
$550
Assumes cost of logs delivered to site ($550).
Installation via helicopter included as a
separate line item.
$3,750 Assumes cost of logs delivered to site ($250).
Installation via helicopter included as a
separate line item.
$1,154 Helicopter mobilization to site is $15,000,
divided among 13 structures. Estimate from
Columbia Helicopters.
$2,250 Hourly rate from Columbia Helicopters.
Assume 20 minutes per structure - 4 hours
and 20 minutes to install all stuctures, divided
among 13 structures.
$87,000
$4,350 Estimate from CCFEG.
$2,000
$2,000

Engineer's est. Includes restoration of
disturbed vegetation, driveway surfaces,
access roads, etc.

$354,200

MOBILIZATION & MISC. COSTS
MOBILIZATION AND STAGING

1

LS

$0

$0

TEMPORARY DEWATERING

1

LS

$0

$0

TEMPORARY EROSION AND SEDIMENT CONTROL

1

LS

$500

$500

TOTAL CONSTRUCTION COSTS:

Assumes mobilization costs are included in
other cost items.
Assumes no dewatering is needed during
construction, similar to Phase 1.
Engineer's Estimate

$354,700

OTHER PROJECT COSTS
ENGINEERING DESIGN, HYDRAULIC MODELING, AND
CONSTRUCTION OVERSIGHT

1

LS

$60,000

$60,000

Based on design and hydraulic modeling
costs for Phase 1 of LWD Atonement Project.

PERMITTING

1

LS

$10,000

$10,000

Assume CCFEG handles permitting.

SUBTOTAL ESTIMATED PROJECT COSTS:
CONTINGENCY
TOTAL ESTIMATED PROJECT COSTS:

-

20%

$424,700
$84,940
$510,000

6/11/2014

Rounded to nearest $1,000

Lower White River ‐ Preliminary Construction Cost Estimates.xlsx

