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NACHES RIVER REACH ANALYSIS AND MANAGEMENT PLAN
EXECUTIVE SUMMARY

The purpose of this project is to characterize existing conditions and reach-scale fluvial
processes and to develop a comprehensive approach for treating river/road interactions along the
lower 3.75 miles of the Naches River near Yakima, Washington. United States (US) highway 12
runs parallel to the river for much of this area and is located within the historic floodplain of the
Naches River. The project area encompasses the river and its floodplain from the Naches Gap
downstream to the confluence with the Yakima River. Through this reach, the Naches River is
very dynamic, frequently changing channel configuration and location over time. Channel
migration and reach-scale fluvial processes have led to the loss of riparian buffers between US 12
and the river in the project area, and US 12 has periodically experienced erosion of portions of the
highway prism. Management actions to protect the highway have included the placement of rock
revetment and rock groins and/or barbs and has resulted in the temporary stabilization of the road
prism in some locations. Most recently, the primary problems have been experienced from the
16™ Avenue parking area upstream to the 40" Avenue interchange. While these corrective
actions have maintained US 12 as a transportation route, the Washington State Department of
Transportation (WSDOT) has recognized that these installations are not providing a long-term
solution. The location of US 12 and the dynamic nature of the Naches River are such that
river/road interactions are likely to persist in the future.

The reach analysis considered basin scale impacts and processes as well as site specific issues
within the project area. Dam construction has altered hydrology and sediment supply and
transport in downstream reaches. Altered conditions have also impacted salmonid habitat and
riparian community species and health. These impacts pose management considerations

throughout the Naches Valley including the project reach.

WATERSHED AND HYDROLOGIC CONDITIONS

The installation of dams in the headwaters has reduced the supply of sediment to the Naches
River, and the construction of levees and riprap has cut off the river’s access to sediments stored
in the floodplain. Sediment supply in other portions of the basin has likely increased because of
road building, timber harvest, and grazing. These impacts have reportedly been reduced in the
upper headwaters, but it is likely that development activities lower in the basin continue to affect
sediment inputs. The balance between the sediment deficit induced by the dams and the sediment
generated by development is currently uncertain. However, the ability of the Naches River to
transport sediment has been reduced because of the altered hydrology. This is not to say that
sediments no longer move through the Naches system, but that it is likely that the residence time
(time sediment spends in the system before being transported out) has increased.

Altered hydrology not only affects instream habitat, but also disturbs the recruitment,
establishment, maturation, and mortality of riparian habitat along the river. In a healthy,
undisturbed river system tree mortality would be a part of the normal disturbance regime and
important for dynamic, healthy ecosystems (Naiman, ef al. 1992). However, the river ecosystem
in the Naches River is impacted (floodplain and associated riparian forest reduced by
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approximately 57 percent [WSCC, 2001]) and managed (altered flow regime). As such,
inundation mortality influenced by unnatural conditions results in a significant impact to the
system. Decreased recruitment combined with a reduced floodplain and diminishing mature
forest will perpetuate substantial decline in riparian forest. As older cottonwoods die off younger
individuals will not be present in sufficient numbers to replace them. With no changes in
management, future forest conditions could be expected to trend toward one dominated by older
cottonwoods, with numerous dead and dying trees along older channel margins, and increasing
dominance by other species such as willow and alder.

SITE CHARACTERIZATION AND EVALUATION

Most reach scale impacts to the system are derived from anthropogenic sources. Progressive
settlement of the Naches Valley and the subsequent installation of human infrastructure have
encroached upon the river corridor reducing the floodplain area available to the river for channel
migration and attenuation of floods. This confinement and the installation of instream diversions
have impacted the configuration of the river channel resulting in the channelization of flow,
channel incision, and the degradation of instream habitat. The cumulative affect of these impacts
has resulted in the simplification of the channel network to a single thread channelized system
and a dramatic reduction in instream habitat quality.

Basin and reach scale impacts have resulted in a river system that is very confined in some
locations and unconstrained in others. The confined sections are typically a result of bridge,
riprap, or levee placement that channelizes the river. This typically results in channel incision
and degradation of instream habitat. It also results in higher sediment transport capacity meaning
that sediment moves through these areas with little if any temporary storage in the channel or
floodplain. Unconstrained reaches downstream of constriction points are depositing large
amounts of sediments resulting in very active river channels. The river has a greater tendency to
migrate and/or avulse through these reaches resulting in greater management issues and concerns.

The relationship between US 12 and the Naches River was evaluated by defining past,
present, and future areas of concern with respect to road failures and/or maintenance needs and
environmental degradation and/or recovery. This characterization includes an evaluation of the
physical setting relating the proximity of US 12 to the Naches River and considers both reach and
site specific fluvial processes. In addition, the environmental conditions of the riparian zone were
evaluated and used as a proxy for the level of environmental degradation and/or protection that
exists through the project area. Because of the variability of conditions through the site, the
project area was delineated into categories of physical risk to the roadway and environmental

deficiency.
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Management Options

Management actions within the project area can be site specific targeting a particular
problematic area, or can be used to affect reach scale processes impacting much larger areas.
Design criteria can also vary from short term protection of infrastructure to long-term goals of
reach scale ecological restoration. Based on our evaluation, there are two management

approaches that could be taken within the project area.

1) One approach is to focus on efforts that protect US 12 using placements of large rock. This
will include placing riprap from approximately Station 8000 to 5000 and installing additional
rock groins or Engineered Log Jams as deflectors through this area as needed. This approach
would also include installing protection measures from Station 10000 to 8000. The objective of
these protection measures is to prevent the river from migrating south to US 12 resulting in
conditions similar to those from Station 8000 to 5000. Placing rock in the river is likely going to
require mitigation. As described, there are numerous mitigation opportunities within the project
area. These mitigation actions typically target rehabilitation of riparian areas or the enhancement
of instream habitat conditions. The exact mitigation activities will need to be negotiated with
regulatory agencies. The layout of this strategy is displayed in Figure A-16.

2) The second approach is to integrate reach scale processes into management actions that
provide longterm self sustainable protection, better accommodate natural channel processes, and
enhance long-term ecological conditions. This approach would seek to remove or modify human
impacts that have altered the routing of sediment through the reach and re-establish a healthy
riparian buffer between the Naches River and US 12. Levees would be setback and fill materials
in the floodplain would be removed as shown in Figure A-17. This would remove constriction
points promoting incision in some areas and deposition in others and reestablish more balanced
patterns of sediment transport and storage through the project area. An extensive revetment or
cribwall would be constructed from approximately Station 8200 to 5400. This structure would
reclaim floodplain area and allow for the establishment of a healthy riparian buffer between the
river and US 12 over time. Engineered Log Jams would be placed near Station 9000 to divert and
split flow, and additional Engineered Log Jams could be placed through the reach to improve
instream habitat conditions.

Implementing this approach will likely require property acquisition, partnership with local
municipalities and/or agencies, coordination with other stakeholders, and consultation with
regulatory agencies. In addition, the extent of fill and constriction removals should be evaluated
based upon topography that was not available for this evaluation. Removal of fill in some areas
may introduce greater risk to US 12 and should be carefully evaluated. Protection measures not
suggested in this report may need to be incorporated into fill removal projects to address any
increases in risk to US 12.
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NACHES RIVER REACH ANALYSIS AND MANAGEMENT PLAN
INTRODUCTION

The purpose of this project is to characterize existing conditions and reach-scale fluvial
processes and to develop a comprehensive approach for treating river/road interactions along the
lower 3.75 miles of the Naches River near Yakima, Washington (Figure A-1). United States (US)
highway 12 runs parallel to the river for much of this area and is located within the historic
floodplain of the Naches River. The project area encompasses the river and its floodplain from
the Naches Gap downstream to the confluence with the Yakima River (Figure A-2).

The Naches River within the project area is very dynamic, frequently changing channel
configuration and location over time. Channel migration and reach-scale fluvial processes have
led to the loss of riparian buffers between US 12 and the river, and US 12 has periodically
experienced erosion of portions of the highway prism. Most recently, the primary problems have
been experienced from the 16™ Avenue parking area upstream to the 40™ Avenue interchange

(Figure 1).

Figure 1: Photograph taken from the parking area at 16™ Avenue interchange. Note the
westbound lane of US 12 running along the right bank of the river.

Within this area, US 12 runs parallel to the mainstem of the Naches River and several
maintenance and emergency actions have taken place to prevent or repair damage to the highway
and its foundation. These actions have included the placement of rock revetment and rock groins
and rock barbs and has resulted in the temporary stabilization of the road prism in some locations
(Figure 2). While these corrective actions have maintained US 12 as a transportation route, the
Washington State Department of Transportation (WSDOT) has recognized that these installations
are not providing a long-term solution. The location of US 12 and the dynamic nature of the
Naches River are such that river/road interactions are likely to persist in the future. Based on our
opinion, it is also likely that without intervention problematic areas will expand.
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from westbound side of US 12, approximately 3,000 feet

Figure 2: Photograph taken
upstream of 16™ Avenue. Note rock at toe of highway prism and groins and barbs extending

into channel.

SCOPE

GeoEngineers was requested the WSDOT to conduct a reach analysis and develop a
management strategy for the lower Naches River. The overall objectives of the project are to
characterize existing site conditions and ongoing processes and to develop a comprehensive
management framework and conceptual designs that WSDOT can draw from for future project
implementation. Our scope includes:

e Review of available site-specific information provided by WSDOT

e Development of a project plan in coordination with WSDOT based on our evaluation of
available data

e Conduct site investigation

e Import and evaluate the historic photo record using a Geographic Information System
(GIS)

e Compile other GIS data for use in geospatial analysis

e Characterize hydrology of the Naches River in the study area

e Evaluate the geomorphic character of the Naches River in the study area

e Summarize limiting factors to salmonid production

o Identify high risk locations relative to one another within the reach

e Develop management options and conceptual designs
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e Delivery of GIS data layers created for this project, including digitized channel polygons

The execution of these scope items included coordination with WSDOT’s Environmental
Affairs Office in Olympia and the South Central Region in Yakima and with Yakima County
Public Works Flood Control Zone.

Review of readily available reference materials revealed that government agencies, private
consultants, and academic researchers have not extensively investigated the lower Naches River
through the study area. As a result we depended on the evaluation of the historic aerial
photograph record and our professional interpretation of ongoing fluvial process for this project.
Site evaluation focused on the project area, however some information from outside the project
boundaries was utilized to provide a better understanding of cause-effect relationships within the
study reach.

REPORT ORGANIZATION

The development of management options within this report required evaluation of factors
affecting the site conditions and ongoing fluvial processes. These evaluations provide the basis
for developing potential management actions and how expected future conditions may affect
management decision-making. For organizational purposes, we have placed much of the
background information evaluated for this project into appendixes in the back of this report. For

additional information on the following subjects, please refer to the appropriate appendices.

e Appendix A Regional Setting
e Appendix B Regional Setting
e Appendix C Hydrology
e Appendix D Sediment Dynamics
e Appendix E Riparian Forest Conditions
e Appendix F Salmonid Limiting Factors Analysis
e Appendix G Hyporheic Zone
e Appendix H Floodplain and Channel Dynamics
e Appendix I Alternative Management Actions
e Appendix J Report Limitations and Guidelines for Use

Figures cited throughout this report are referenced by their respective appendix letter (A-J) and
with respect to the order they are found in the appendix text. Hence, an example figure reference

may be C-5, referring to the fifth figure in Appendix C.

SITE CHARACTERIZATION

Geomorphic processes within the project area are diverse and compete with and/or compound
one another to create a complex array of site conditions. The project reach is near the mouth of
the river, and these segments of rivers are typically depositional environments. However, the
gradient through the project area does not lend itself to be strongly depositional relative to the

upstream twenty miles of the river as described in Appendix H and shown in Figure H-1.
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Floodplain encroachment and channel confinement has been extensive through the project area,
which typically leads to channelization and incision. These conditions are described in detail in
Appendix H. Within the project area, depositional environments exist juxtaposed with channel
segments that are channelized and incising. This has lead to a river system that alternates
between reaches that are channelized and controlled and reaches where deposition is extensive
and the channel is very dynamic and a management concern. For the purposes of the following
discussion we divided the study area into reaches of similar geomorphic character and described
them by using the stationing along the river found in Figure A-2.

The upper extent of the project area begins at Station 20000 near the Naches Gap. From this
location to Station 18000, the channel is a simple planebed channel that is confined along the
right bank by an extensive levee placed to isolate an orchard in the floodplain. Floodplain
encroachment and perhaps some floodplain filling have occurred on the left bank near Station
18300 where the river contacts the bedrock hillside that comprises the left valley wall (Figure 3)
(left and right banks, floodplains, and valley walls are defined as one would stand in the middle
of the channel and face downstream). This section of the river is narrow and displays planebed
channel characteristics. Indications of channel incision are evident and it is clear that this is a
transport reach where little if any sediment is stored. No side channels exist in this area, and
aquatic habitat is limited to a riffle/run channel units. Because of high velocities and limited
floodplain access, there is little opportunity for juvenile refuge in this area during higher
discharges.

Figure 3: Looking downstream from Station 19900 toward bedrock along left bank at Station
18300. Discharge is approximately 2,500 cfs.
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From Station 18000 to 16200, the channel widens and bar forms are found. This segment of
the river provides some temporary storage of sediments and flow is conveyed through multiple
flow paths under high discharge conditions. This localized depositional environment exists for
two reasons. First, the channel is less confined than the upstream segment allowing flow to
disperse. This reduces transport capacity and sediment begins to deposit. Second, it is upstream
of the channel constriction at Station 16000 created by the City of Yakima’s (COY) pump station.
Fill material was brought in during construction of the pump station and the channel width is
reduced to approximately one hundred-twenty five feet at this location (Figure 4). This
confinement creates a backwater at high discharges reducing velocities upstream, further
diminishing transport capacity, and promoting the deposition of sediment. Because of the
depositional bars and multiple flow paths found during high discharges, some instream aquatic
habitat complexity is found in this section of the reach during higher river stage. However,
access to the floodplain is still limited.

Figure 4: Floodplain and perhaps a portion of the active channel have been filled for the City of
Yakima’s Ranney-type diversion structure and pump located near Station 16000. Yellow line in
figure highlights the extent of fill, which is over 20 feet above the riverbed.

Downstream of this constriction point (Figure 4), flow is accelerated and incision has
occurred at least through Station 14500. The river continues to be channelized through Station
12000 because of the additional influence of grade control activities associated with diversion
channels, placed rock, and the filling of the right floodplain. This segment of the river is a
narrow, straight, plane-bed channel with little bedform complexity, hence we characterize this
segment as a transport reach. Early aerial photographs of this area depicting side channels and
floodplain areas clearly connected to the river sharply contrast with conditions seen in more
recent aerial photographs and viewed during our field observations. Numerous former side
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channels are disconnected from the river through this segment of the river. These degraded
conditions result in little aquatic habitat value through this segment.

Below Station 12000, the channel widens, is more connected to its floodplain, and high flow
channels through the floodplain are present. From Station 10500 to 9000, the river is located
adjacent to the bedrock wall along the left valley margin, although evidence of recent channel
occupation can be found throughout the right floodplain. This segment of the river is highly
connected to its floodplain (Figure 5).

Figure 5: Station 10200 looking downstream at the mainstem channel (left) and a secondary
flow channel (right). Photograph taken October 22, 2002, discharge approximately 250 cfs.

We visited the site during the flip flop and found numerous secondary channels flowing through
the floodplain (Figure 6).
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Figure 6: Secondary channel through floodplain during the flip flop. (Note: looking upstream at
same channel as shown in Figure 5) Mainstem channel is flowing along the base of the hillside
seen in the background. Discharge approximately 2200 cfs.

Notice the relationship between the riparian vegetation and the water surface elevation during the
flip flop (Figure 6). This was typical for conditions through much of the floodplain is this area.
Based upon the elevation of these discharges, it is reasonable to surmise that saturation of the root
structure of the riparian zone was occurring extensively across the floodplain. This segment of
the river is a depositional environment where sediment transported through the upstream reach is
deposited. Sediment deposition through this area is likely influenced by downstream conditions
as well. While instream aquatic habitat conditions during low discharges are of a similar, poor
quality to the section of river just upstream, conditions in this section likely improve as river
stage increases. Access to the floodplain and multiple flow paths add hydraulic complexity and
refugia for both juvenile and adult salmonids.

From Station 9000 to 8000 the river moves from the left valley wall across the floodplain and
impacts the base of US 12 (Figure 7). This segment is steep relative to adjacent river sections and
is one of the critical areas of management concern at the time of this report.
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Figure 7: Photograph taken from Station 7800 looking downstream at recent efforts to protect
the road prism of US 12. Note railing along edge of eastbound lane of US 12

From Station 8000 to 5000, the river flows very near US 12 and the roadway is protected by
riprap installations and numerous rock barbs (Figures 2 and 7). The current channel
configuration is related to the upstream channel location and its association with the left valley
wall (Figure A-2). Specifically, from Station 11000 to 9000 the river flows at the toe of the left
valley wall where it is directed south toward the highway by a bedrock knob extending into the
floodplain near Station 8500. Former channel locations can be found through the floodplain
toward the left valley margin and this area also experienced overbank flow and riparian root
saturation during the flip flop.

At Station 5000, a channel constriction exists because of the placement of the 16™ Avenue
interchange and the adjacent Yakima Greenway parking area. This constriction creates a similar
backwater effect during high discharges as described for the COY diversion upstream near
Station 16000. Again sediment deposition is promoted upstream of the constriction point. The
coupling of the effects of the constriction point at Station 5000 and the confined segment from
Station 16000 to 12000, promotes sediment deposition from Station 10500 to 5000. While the
current channel is located quite close to US 12 for much of this segment, there are numerous
other flow paths across the floodplain to the north that the mainstem river has occupied at times
during the last 20 years. These channels have a relatively well-established riparian forest
adjacent to them and the channels are complex compared to the rest of the project area (Figure 8).
Additionally, many of these flow paths convey flow during moderate to high discharges. As
such, these side channel areas offer the highest quality remaining floodplain that is accessible to
overbank flows and channel migration, both important components in providing complex aquatic
habitat.
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Figure 8: Photograph of former mainstem channel that is now a secondary channel. Location is
approximately Station 7000.

Downstream of the constriction at the 16™ Avenue interchange, flow is accelerated and
sediment transport capacity is increased. The river is also channelized and incised with rock
revetment, levees, and bridge abutments present all the way to the confluence with the Yakima
River at Station 0. These floodplain alterations have drastically reduced floodplain width and
have held the channel in place. This segment is a straight, planebed, transport reach where little if
any temporary storage of sediment occurs. Instream habitat is limited because this reach is a very
long, homogenous, riffle/run, and aquatic habitat quality and diversity is poor. No side channels
exist, and access to the floodplain is virtually nonexistent through this section of river.

RELATIONSHIPS BETWEEN US 12 AND THE NACHES RIVER

Characterizing the relationship between US 12 and the Naches River is an important step in
defining past, present, and future areas of concern with respect to road failures and/or
maintenance needs and environmental degradation and/or recovery. This characterization
includes an evaluation of the physical setting relating the proximity of US 12 to the Naches River
and considers both reach and site specific fluvial processes. In addition, the environmental
conditions of the riparian zone were evaluated and used as a proxy for the level of environmental
degradation and/or protection that exists through the project area. Because of the variability of
conditions through the site, the project area was delineated into categories of physical risk to the
roadway and environmental deficiency as described below.
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Definition of Physical Risk and Environmental Deficiency Criteria

This section defines the criteria used to delineate the physical risk and environment
deficiency associated with each segment of the project area as depicted in Figure A-15. This
delineation was used in the development of management options and alternatives developed as

part of this report.

Physical Criteria

River segments were delineated into the following risk categories if ANY of the bulleted
descriptions existed at the site, with the exception of the “No Risk” category where ALL bulleted

conditions must apply.

Severe Risk
e Roadway is fully or partially unusable
e Roadway prism is actively being eroded away
e Roadway prism is exposed and unprotected and there is a high probability that

damage will occur to the prism during the next high flow season

Severe risk is delineated when the roadway prism is failing or directly at risk. Under severe risk
conditions, failure of the road is highly likely and actions should be taken to protect the road.

High Risk
e Erosion is occurring at the base of the roadway
e Channel migration and/or avulsion activity is rapid and volatile and could affect the
roadway in one event,
e Erosion is occurring and site conditions and ongoing river processes are likely to

result in designation as an severe risk site within two years

Under high risk situations the roadway prism is not currently at risk, but conditions are such that
it is likely the roadway prism will be affected in the near future. These areas require current
attention so that a comprehensive management plan can be developed, permitted, and

implemented prior to the site being designated as severe risk.

Moderate Risk
e Less than 50 feet of bank/floodplain exists between the roadway and the river.
e Site conditions and ongoing river processes are likely to result in future erosion of
this bank/floodplain and the roadway prism within five years
e Existing conditions are likely to persist for greater than two years before risk level

increases
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Moderate Risk areas are areas that should be monitored for future change. These are areas of
concern where future risk and/or need for protection is highly dependent upon riverine processes.
In these situations, the river may change to increase or reduce the risk to the roadway.

Minimal Risk
e Greater than 50 feet of bank/floodplain exists between the roadway and the river.
e Site conditions and ongoing river processes are likely to result in future erosion of
this bank/floodplain and the roadway prism
e Existing conditions are likely to persist for greater than five years before risk level

increases

Minimal Risk designation is for areas where the roadway is well isolated from the river through
distance and/or geologic conditions or where fluvial processes are not likely to result is near term
risk to the roadway.

No Risk
e River is isolated from the roadway prism
¢ Bank/floodplain between the roadway and the river is highly resistant to erosion
o Site conditions are unlikely to change

No Risk areas are either bedrock reach where bedrock separates the roadway from the river, or

areas where extensive distance exists between the river and the road.

Environmental Criteria

Riparian zone width, size, and quality was evaluated as a proxy for the ecological health of
the river system through the site. Instream habitat quality is not included in the evaluation, but is
discussed in our site characterization and within our management alternatives and mitigation
opportunities sections. Riparian areas between the river and US 12 where evaluated and
delineated into environmental classification based upon the following buffer characteristics:

Size
e Diameter class within the minimum pool forming diameter (0.025 times the bankfull
width)
e Dominant trees DBH range greater than 20 inches
e Dominant trees DBH range between 12 and 20 inches
e Dominant trees DBH range between 3 and 12 inches

“Dominant trees” refers to the tree size and type comprising the majority of the stand. This
relates to the age of the stand and the ecological benefit that it may provide. “Pool forming
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diameter” refers to the trunk diameter of trees of a size large enough to remain stable in the
river/stream system and form pools when eroded into the river through channel migration.

Density
e Dense: Greater than 1/3 of the area covered by dominant trees
e Sparse: Less than 1/3 of the area covered by dominant trees
e Not Applicable: Shrub, grass, and urban cover types
Type
e Conifer: Greater than 70 % of stand is conifer
e Hardwood: Greater than 70 % of stand is hardwood
e Mixed: No stand dominance greater than 70%
e Shrub: Woody stemmed vegetation
e (Qrass: Agriculture or landscaped area
e Urban: Greater than 70% developed or modified

Environmental Classifications

Based upon the environmental criteria, classifications were developed to delineate riparian
segments into environmental deficiency categories. These categories can be used to evaluate
existing riparian zones, differentiate riparian conditions in multiple areas, as targets for mitigation
opportunities, or for use in future riparian management. Riparian zones fall within the following
deficiency classes when ALL bulleted conditions exist.

High Environmental Deficiency
o Existing buffer width less than 50 feet
e Buffer density sparse or not applicable
e Buffer type is shrub, grass, or urban
e Dominant trees DBH range between 3 and 12 inches
e Trees do NOT exist within the minimum pool forming diameter (0.025 times the bankfull
width)

Moderate Environmental Deficiency
o Existing buffer width 50 feet or more
e Buffer density is sparse
e Buffer is conifer, hardwood, or mixed stand
e Dominant trees DBH range between 12 and 20 inches
o Trees do NOT exist within the minimum pool forming diameter (0.025 times the bankfull
width)

Minimal Environmental Deficiency
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Existing buffer width 100 feet or more

Buffer density is dense

Buffer is conifer, hardwood, or mixed stand

Dominant trees DBH range greater than 20 inches

Trees do NOT exist within the minimum pool forming diameter (0.025 times the bankfull

width)

No Environmental Deficiency

Existing buffer width exceeds 150 feet or site potential tree high (which ever is greatest)

Buffer density is dense

Buffer is conifer, hardwood, or mixed stand

Trees exist within the minimum pool forming diameter (0.025 times the bankfull width)

Physical Risk and Environmental Deficiency Delineation
The application of the physical risk assessment and environmental deficiency criteria is

displayed in Figure A-15. The results of this delineation is also summarized is Table 1.

Table 1: River Segments Environmentally Deficient and Displaying Physical Risk.

GeoEngineers

Station |Environmental | Physical Risk
(ft.) Deficiency
20000 H‘GH NO RISK
19000 | MODERATE L
18000 + MINIMAL
16200 HIGH
15600 MINIMAL
v
13800 | MODERATE
12000 l MODERATE
10000 HIGH
7800 H+IGH
5200 MODERATE
5000 + MINIMAL
4700 HiGH +
3000 MODERATE NO RISK
2000 ‘
H‘GH
600
MI&IMAL
0
16
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Physical Risk

Station 20000 to 18000 poses no physical risk to US 12 from erosion. The river is moving
away from US 12 until it reaches the left valley wall. The right bank is bolstered by a large,
broad levee that was placed during the early part of the nineteenth century. With this levee in
place there is no risk to US 12 through this river segment.

From Station 18000 to 12000, the physical risk to US 12 was characterized as minimal. US
12 is isolated from the river by several levees and riprap installations placed to accommodate
irrigation diversion operations. In addition, there are two significant floodplain fills that further
isolate the roadway. Future risk to US 12 through this area may occur, but will likely require
removal of levees and/or floodplain fill and would still be through a slow process of channel
migration that would give river managers ample time to assess conditions and plan appropriately.

At Station 12000, channel confinement is reduced and some floodplain channels are
accessible to the river during high discharges. However, this segment has experienced incision
from the upstream confinement that restricts high flow access to the floodplain. Because of this
restriction, the river is still somewhat confined to the left side of the valley. However during
extreme flooding events, it is likely that the entire floodplain is inundated through this segment.
While most flow will be moving through the current flow path and erosion potential through the
floodplain will be relatively low, little resistance to erosion is present in the floodplain in the form
of riparian vegetation. In addition, there is a series of beaver ponds in a former channel position
that presents an avulsion risk toward US 12. Based upon our site evaluation this risk is currently
low, but will become greater if the river migrates toward US 12. Again based on our site
evaluation, migration toward US 12 through this area does not appear imminent and will likely be
a slow enough process that appropriate actions can be taken in the future, hence the designation
of moderate risk.

The area from Station 10000 to 5000 is designated as a high risk segment. However, there
are some specific areas that are currently very close to severe risk designation and should be
monitored closely. From Station 10000 to 8000, the river flows along the left valley wall where it
runs along a bedrock knob that ultimately directs the river southeast across the valley toward US
12. Most, if not all, of these actions have been prompted by emergency conditions when the river
was actively eroding the road prism. Many of these actions have also occurred during winter or
spring months when the river’s discharge is high, placement is hurried and uncertain, and the
likelihood of environmental degradation is high. As discussed previously, this area is a
depositional environment with a high degree of floodplain connectivity. Based on our site visit
when flip flop flows (approximately 2200 cfs) occupied much of this area, the entire floodplain is
likely inundated numerous times annually. In addition, there are several former channel positions
through this area that convey concentrated overbank flows. This combination of channel
dynamics makes this area vulnerable to future channel avulsion. Since the river is currently along

the left valley wall, avulsion activities would be in the direction of US 12. From Station 8000 to
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5000, the river is adjacent to US 12 and has threatened the roadway in the past prompting the
installation of protection measures (placement of riprap and rock groins) that have been ongoing
since at least the mid-nineteen nineties.

Below Station 5000, the river poses minimal risk to US 12 through Station 3000. This area
has been lined with rock and other materials (several car/truck frames were seen) and the Yakima
Greenways Trail is located between the river and the roadway. Channel migration would need to
occur toward US 12, and that is unlikely under existing conditions. The lower 3000 feet of the
project area is isolated from US 12 by distance existing levee and private property and poses no
physical risk to US 12.

Environmental Deficiency
Station 20000 to 19000 has a high environmental deficiency based on the width of the

riparian corridor: about 50 feet for much of the length of the buffer. Several of these trees are
over 12 inches DBH, however none are approaching the minimum pool-forming diameter.
Additionally, this buffer is roughly “one stem-width”; a configuration where the entire buffer is
comprised of a single row of trees along a bank. No trees in this area are capable of contributing
LWD that will be pool forming.

Station 19000 to 16200 displays a moderate environmental deficiency. This riparian buffer is
all hardwoods and has increased width compared to the area just upstream, however trees are still
roughly the same size. We identified no trees in this area that would be pool forming if they were
delivered to the channel.

Environmental deficiency rating between Station 16200 to 15600 is high. This area is
dominated by bare ground, a roadway, two different diversion structures, and bank revetment.
The riparian vegetation that does exist in this segment is sparse and the riparian vegetation bands
are narrow. None of the trees in this area are potentially pool forming.

Station 15600 to 13800 displays minimal environmental deficiency. While riparian in this
area are still not of a size that will be pool forming, there are large trees within several stands in
this segment. Additionally there are a few conifers in the stand. Width of this segment is over
400 feet for most of its length.

The area from Station 13800 to 7800 is designated as a segment of moderate environmental
deficiency. Trees within this segment are not of a size that will be pool forming, and vegetation
is patchy and sparse in many areas. Additionally, there is a road and other compacted areas that
decrease the quality of this site.

The segment from Station 7800 to 5200 is the most environmentally deficient in the project
area, with a “high” rating. There is no riparian vegetation for the majority of the reach, and what
is left is patchy and relatively small in size. In fact, the width of floodplain, vegetated or un-
vegetated, existing between the river’s edge and the edge of the US 12 roadway prism is often far
less than 50 feet.
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The segment from Station 5200 to 4700 is a moderate environmental deficiency. The width
of riparian vegetation is wider than that found just upstream. Trees in this segment are still too
small to be pool forming, however they are less patchy than the segment upstream.

The area from Station 4700 to 3000 rates high in environmental deficiency, primarily because
of the decreased width of the riparian buffer. Trees in this segment are sparse, relatively small,
and not wider than one or two stem-widths for much of this corridor. None of the trees are of a
size capable of forming pools were they to enter the channel as LWD. The Yakima Greenway
Trail exists in this area and there has been clearing adjacent to the stream gaging station.

Station 3000 to 2000 contains a segment of moderate environmental deficiency. The
floodplain is wider, and the width of the riparian buffer increases correspondingly. Trees in this
are still of insufficient size to produce pools. Vegetation is sparse and the trail continues though
this segment.

Station 2000 to 600 comprises a section of high environmental deficiency. This area contains
more vegetation less than 50 feet in width. The vegetation that does exist is located in the narrow
band between the water’s edge and the top of the levee, where the trail is located. Trees in this
segment do not meet the criteria for pool forming diameter.

The segment from Station 600 to 0 is a minimal environmental deficiency. Riparian buffers
are dense and the segment width is over 100 feet. However there are still no trees capable of
forming pools, particularly given that this segment is located along the wide channel area created
by the Yakima River confluence area.

MANAGEMENT STRATEGIES

The types of management actions that could be undertaken throughout the area are described
in Appendix I titled: Alternative Management Actions. Potential applications of the management
actions described in Appendix I are discussed in this section of the report. Suggested placements
are based on fluvial processes, channel patterns, and river/road interactions through the project
area, and management actions differ from one area to another. In addition, the diverse, existing
river conditions affect the appropriateness of actions in different locations. Finally, site specific
constraints may limit the types, sizes, and extents of management actions that can be undertaken.

Management activities in the project area could be completed in numerous configurations.
Decisions on how to manage the project area are likely to be linked to the availability and amount
of funding that can be secured. In addition, material availability, permitting ease, perceived
protection and/or stability benefit, and the desired long-term environmental conditions will likely
play a role. The following discussion is developed to help in considering these issues as well as

evaluating the type and appropriate implementation of management actions.

Station 20000 to 18000
Our evaluation began just downstream of the US 12 bridges near the Naches Gap.
Management in this area could include some levee setback work. The levee along the right bank

constricts flow, promoting channelization. This levee is very broad and could provide the same
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flood protection benefits without encroaching upon the river to the same degree. Much of this
levee material could be removed while maintaining flood protection with a setback levee. A
floodplain terrace(s) could be incorporated into the excavated area that allowed flood inundation,
reducing concentration of flows. This terrace could be planted with native riparian vegetation
establishing a native community and promoting enhanced riparian conditions in the future.
Reducing confinement and allowing flow to disperse through the floodplain will reduce the
hydraulic energy of the river and promote more balanced sediment flux through the reach. This
concept is encouraged here and at other locations through the project reach.

Mitigation Opportunities

The current riparian area in this reach has an environmental deficiency rating of either high or
moderate. Therefore, planting and managing native vegetation to develop an appropriate plant
community will enhance ecological conditions over time. Engineered Log Jam placement in this
segment would likely be limited to locations on the fringe of the channel. This would improve
instream habitat conditions by creating large, deep scour pools with cover without having a
profound affect on channel morphology. However the jams would still alter low discharge
conditions such that temporary sediment storage areas in the lee of the Engineered Log Jams

would be created and available for spawning by anadromous salmonids.

Station 18000 to 12000

Because of its minimal risk to US 12, management actions in this segment do not include
specific measures to protect the state highway. Management options in this segment would target
some of the reach scale dynamics affecting downstream areas.

As previously discussed, US 12 is isolated from the river by several levees and riprap
installations and two floodplain fills. These features confine flow and sediment routing such that
much of this segment is a transport reach. The subsequent downstream deposition is concentrated
and is a management concern. Therefore, management actions for this reach should target
reducing the confinement of the river channel and allowing for some channel migration in a
manageable manner.

The most profound impact is in the area is of the floodplain fill associated with the COY’s
pumphouse near Station 16000. This fill confines the channel to approximately 125 feet in width
and has channelized the system resulting in downstream channel incision. It is our understanding
that this pumphouse is no longer in use and removing the pumphouse and the fill material will
provide more floodplain width for the river to access (both through channel migration and
floodplain inundation). This will also alleviate some of the downstream incision and
sedimentation impacts. Decreasing the channelization in the vicinity of Station 13000 to 12000
by removing fill materials placed sometime between 1947 and 1968 will also contribute to more
natural channel evolution. In addition, rock weirs and/or deflectors are present in the segment.
The purpose of these installations is to lock the channel in place to insure that irrigation demands
are met. Comprehensive planning efforts should seek to meet irrigation demands using methods
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more conducive to river channel processes. In summary, the collective effects of floodplain fills
and diversion structures are impacting channel dynamics and contributing to downstream
impacts. Removing these impacts will allow for more natural channel conditions where
temporary sediment storage is evident in a much more broad distribution through the study area.
The extent to which fill is removed should be based upon the degree of protection simultaneously
placed and the expected downstream impacts.

Mitigation opportunities

Mitigation opportunities in this reach include riparian planting and the installation of
Engineered Log Jams in the active channel. The current environmental deficiency rating for the
riparian zone in this reach is either high or moderate. Therefore, planting and managing native
vegetation will target developing a functional riparian zone over time. Engineered Log Jams
could be placed in the mainstem of the channel and would improve instream habitat conditions by
creating large, deep scour pools with cover. In addition, Engineered Log Jams can be placed such
that they encourage channel alterations, such as channel migration and the creation of secondary
channels. These alterations diversify flow conditions and reduce channelized, concentrated flow.
This will reduce transport capacity and the degradation of instream conditions. It will also result
in the creation of temporary sediment storage areas in the lee of the Engineered Log Jams. In
other river systems, these lee areas have been used extensively for spawning by anadromous

salmonids.

Station 12000 to 10000

The river is located along the left valley wall through this segment. While former channel
positions are identifiable in the floodplain toward US 12, the river is incised through this area
limiting the river’s access to the floodplain. While it is certain that flow moves through the
floodplain area during high discharges (based on our site investigations), the threat of avulsion
toward US 12 is moderate without changes in mainstem channel position. The alteration in
channel position would occur through channel migration leading to avulsion. Because we did
have and survey data for channel and floodplain cross sections for this evaluation, it is difficult to
assess the exact risk of avulsion toward US 12. This area should be monitored for channel
migration activity and management actions should be taken to address heightened risk should it
progress. Placement of Engineered Log Jam clusters and single logs through the floodplain will
promote the growth and stability of existing riparian vegetation and encourage sediment
deposition in the floodplain. Log clusters would be placed to protect established riparian areas

and reduce the likelihood of channel avulsion toward US 12.

Mitigation Opportunities

Environmental deficiency rating for the current riparian area is moderate. Planting and
managing native vegetation to develop an appropriate plant community can be done to enhance
ecological conditions over time. Engineered Log Jam placement in this segment would likely be

limited to locations on the fringe of the channel. This would improve instream habitat conditions
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by creating large, deep scour pools with cover without having a profound affect on channel
morphology. However the jams would still alter low discharge conditions such that temporary
sediment storage areas in the lee of the Engineered Log Jams would be created and available for

spawning by anadromous salmonids.

Station 10000 to 8000

Although the river flows down the left valley wall for much of this segment. This reach is
considered high risk to US 12. This is because it is a strong depositional environment being
affected by both upstream and downstream constriction points. Because ongoing deposition has
raised the bed of the active channel, the channel is highly connected to the floodplain and flow
traverses from the mainstem south across the floodplain toward US 12. We witnessed this during
the flip flop and the magnitude of flow moving toward US 12 during high discharge and/or flood
events is likely much greater. In addition, there are former channel positions through this area
that provide avulsion opportunities. Moreover, the riparian zone is sparse, immature, and less
than vibrant because of the inundation that occurs in this area during the flip flop. Based on our
observations, without reach scale alterations in the sediment transport dynamics and/or changes to
flip flop operations, the riparian zone in this area at risk of becoming permanently unstable is the
vegetation to die off.

Because of the current mainstem configuration and the potential for channel avulsion,
structural placements (Engineered Log Jams) seeking to alter existing conditions and prevent
adverse future conditions can be placed in this reach. The locations of these Engineered Log
Jams are shown in Figure 9. Engineered Log Jams 1 and 2 are placed such that they will interact
with the existing mainstem channel and affect the distribution of high discharges. Specifically,
these structures will promote more flow to traverse the floodplain and flow down channels
through the middle of the mid-channel bar and along the left valley wall. In addition, these
Engineered Log Jams will promote split flow conditions and/or channel avulsion through the
mid-channel bar. This will reduce the erosion potential of the river by dispersing concentrated
flows. Engineered Log Jam 3 will be placed to prevent adverse conditions should the channel
avulse down a current secondary channel. This structure will prevent the river from heading
south and interacting with US 12. Should this channel avulsion occur, Jam 3 would function with
Jam 2 to promote split flow conditions and/or channel avulsion through the mid-channel bar.
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Figure 9: Management actions for Station 12000 to 8000.

Of primary concern is the protection of the riparian stand adjacent to US 12 depicted in
Figure 9. For both physical and environmental reasons, protecting this stand from erosion is
desirable. One option to protect this area is to place log clusters along the riparian fringe from
approximately Station 9000 to 8300. In this area, the clusters would be continuous and would be
placed among and in front of existing trees to limit flow into the area and divert most flow away.
To provide added assurance of successful riparian protection, a log revetment as depicted in
Figure I-5 could be placed through this area. Single logs could also be placed through the

riparian area to disperse flow and promote sediment retention.

Mitigation Opportunities

Environmental deficiency rating for the current riparian area is moderate. Planting and
managing native vegetation to develop an appropriate plant community can be done to enhance
ecological conditions over time. To protect additional riparian areas, log clusters could also be
placed in other locations through the floodplain. These clusters would seek to protect existing
riparian stands and promote the creation of a forested island should channel migration or avulsion

occur. An example of these placements is depicted in Figure 9.

Station 8000 to 5000
Alternative management actions for this high risk area from Station 8000 to 5000 are highly
dependent upon the desired long-term environmental conditions through this area. The current

environment classification for this area is highly deficient. Past management practices have been
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to place riprap and/or rock groins to help control the river. Continuing these practices may be
successful in protecting US 12, but will not result in improved environmental conditions. In
addition, offsite mitigation will likely be required if this maintenance strategy is continued. One
option to placing rock groins is constructing Engineered Log Jams in series similar to groin
placement. Engineered Log Jams in series have been found to be effective flow deflection
components that also enhance aquatic habitat conditions (Drury 1999). An additional benefit to
Engineered Log Jams is that they are conducive to vegetation and can support healthy riparian
growth. However, this riparian growth would be sparse and future environmental deficiency
classification would remain high through this area.

In order to improve environmentally deficient conditions in this reach, some form of
floodplain reclamation will need to occur, in conjunction with a comprehensive riparian planting
plan. Reclaiming floodplain area can be done using either a rock revetment or wood cribwall or
combination of the two materials as described in Appendix I and shown in Figures I-3 thru I-6.
Regardless of which primary construction material is choosen, design criteria for these types of
structures is similar. Some of these parameters are displayed in Figure 10 assuming a woody
debris cribwall is chosen.

Estimated 5-yr flood elevation
Estimated Scour
Depth

Estimated 2-yr
flood elevation
Roadway Prism

Figure 10: Basic design criteria for floodplain reclamation using LWD revetment.

The distance (d) shown in Figure 10 is dependent upon the desired long-term environmental
conditions, site specific conditions, and the size of materials (Ilength of logs) used in the structure.
The configuration shown in Figure 10 is applicable for distance (d) of approximately fifty feet,
assuming logs on the order of thirty-five to forty feet in length are used. Based upon the criteria
described in this report, a buffer width of fifty feet is the threshold between high and moderate
environmental deficiency.  Therefore, the long-term environmental classification of this
configuration would border between high and moderate even with the development of a

functional riparian zone as shown in Figure 11.
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Foadway Prism

Figure 11: Potential longterm conditions using floodplain reclamation approach.

In order to establish long-term environmental conditions with a lower than high deficiency

rating, the width of the reclaimed floodplain must be lengthened. As this width increases, we

recommend consideration of design modifications that include additional structure in the

reclaimed area to promote stability and reduce the likelihood of erosion during extreme events

(Figure 12).

ESt'méted 10-yr flood Estimated 5-yr flood elevation _
elevation l Estimated 2-yr

flood elevation

Roadway Prism

d > ~50 feet

Figure 12: Conceptual design for floodplain reclamation exceeding approximately fifty feet.

With this type of configuration, a terraced floodplain could be developed that provides

additional protection against erosion and also establishes a higher elevation terrace that would

enhance the successful recruitment and growth of inundation intolerant riparian species. This

could result in a coniferous dominated upper terrace and a deciduous dominated lower terrace as

shown in Figure 13.
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Roadway Prism

Figure 13: Potential longterm conditions for floodplain reclamation using a terrace approach.

In addition to the placement of the revetment/cribwall and the riparian plantings, we recommend
that single logs be placed across the floodplain as shown in Figure I-9. This will disperse flood
flows, reduce the likelihood of erosion, and promote future native recruitment.

The spatial extent of this installation would be from approximately Station 5400 where it
would tie into the prism of the parking lot near the 16" Avenue interchange to approximately
Station 8200 with the upper three hundred feet running parallel to US 12 through the existing
riparian area (Figure 14). It is extremely important to extend the upper extent of the structure
beyond the area of expected change once the structure has been constructed.

9 AR TR ’w T

Floodplain Reclamation Area

Figure 14: Potential management actions from Station 5000 to 8000.
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The fill for the 16™ Avenue Yakima Greenway parking area constricts the channel width to
approximately 200 feet. While not as dramatic as the constriction at Station 16000, this fill has
contributed to the channelization of the system resulting in downstream channel incision.
Removing this fill material will provide more floodplain width for the river to access (both
through channel migration and floodplain inundation) and will alleviate some of the downstream
incision, allowing for more natural channel evolution.

Mitigation Opportunities

Environmental deficiency rating for the current riparian area is high. Planting and managing
native vegetation between the river and US 12 would not be successful under existing conditions.
Planting could be done in the floodplain across the river to develop an appropriate plant
community and enhance vegetation density. To protect additional riparian areas, log clusters
could also be placed in locations throughout the floodplain. These clusters would seek to protect
existing riparian stands and promote the creation of a forested island should channel migration or

avulsion occur. An example of these placements is depicted in Figure 14.

Station 5000 to 3000

This segment begins at the 16™ Avenue Yakima Greenway parking area and ends near the
gaging station, where US 12 angles away from the Naches River. The close proximity of US 12
to the river would typically result in a risk level greater than minimal. However the Yakima
Greenway Foundation maintains a trail through this area between the river and US 12. The area
between the river and the trail is armored in several locations, and the river would need to erode
through the armoring and the trail before threatening US 12. In addition, this segment of the river
is straight, narrow, incised, and little channel movement is likely under existing conditions.
Because of these conditions, management actions are not currently required through this area.

Mitigation Opportunities

Environmental deficiency rating for this area is either high or moderate. Therefore, planting
and managing native vegetation to develop an appropriate plant community will enhance
ecological conditions over time. Riparian planting can be done between the river and the COY’s
trail as well as between the trail and US 12. Engineered Log Jam placement in this segment
could be such that they provide additional protection to the trail, while improving instream habitat
conditions by creating large, deep scour pools with cover. Placement would be limited to
locations on the fringe of the channel. The effects of the jams would still alter low discharge
conditions such that temporary sediment storage areas in the lee of the Engineered Log Jams

would be created and available for spawning by anadromous salmonids.

Station 3000 to 0
The lower segment of the river is straight, narrow, incised, and does not present a risk to
US 12, hence management actions to protect US 12 targeting physical processes are not required

for this area. Future management of this segment is dependent upon actions taken in upstream
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reaches. The likely result of future actions would be increased sediment storage through this
reach. However, it is unlikely that aggradation in this reach will be significant. Therefore,
upstream actions are not likely to cause future management concerns in this reach.

Mitigation Opportunities

This segment does present mitigation opportunities. Environmental deficiency rating for this
reach is either high or moderate. Planting and managing native vegetation to develop an
appropriate plant community will enhance ecological conditions over time. Riparian planting can
be done between the river and the trail as well as between the trail and US 12. Engineered Log
Jam placement in this segment could be such that they provide additional protection to the trail
and/or bridge abutments, while improving instream habitat conditions by creating large, deep
scour pools with cover. Placement would be limited to locations on the fringe of the channel.
The effects of the jams would still alter low discharge conditions such that temporary sediment
storage areas in the lee of the Engineered Log Jams would be created and available for spawning

by anadromous salmonids.

MANAGEMENT SUMMARY

Management actions within the project area can be site specific targeting a particular
problematic area, or can be used to affect reach scale processes impacting much larger areas.
Design criteria can also vary from short term protection of infrastructure to long-term goals of
reach scale ecological restoration. Based on our evaluation, there are two management

approaches that could be taken within the project area.

1) One approach is to focus on efforts that protect US 12 using placements of large rock. This
will include placing riprap from approximately Station 8000 to 5000 and installing additional
rock groins or Engineered Log Jams as deflectors through this area as needed. This approach
would also include installing protection measures from Station 10000 to 8000 as described
earlier. The objective of these protection measures is to prevent the river from migrating south to
US 12 resulting in conditions similar to those from Station 8000 to 5000. Placing rock in the
river is likely going to require mitigation. As described, there are numerous mitigation
opportunities within the project area. These mitigation actions typically target rehabilitation of
riparian areas or the enhancement of instream habitat conditions. The exact mitigation activities
will need to be negotiated with regulatory agencies. The layout of this strategy is displayed in
Figure A-16.

2) The second approach is to integrate reach scale processes into management actions that
provide longterm self sustainable protection, better accommodate natural channel processes, and
enhance long-term ecological conditions. This approach would seek to remove or modify human
impacts that have altered the routing of sediment through the reach and re-establish a healthy
riparian buffer between the Naches River and US 12. Levees would be setback and fill materials
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in the floodplain would be removed as shown in Figure A-17. This would remove constriction
points promoting incision in some areas and deposition in others and reestablish more balanced
patterns of sediment transport and storage through the project area. An extensive revetment or
cribwall would be constructed from approximately Station 8200 to 5400. This structure would
reclaim floodplain area and allow for the establishment of a healthy riparian buffer between the
river and US 12 over time. Engineered Log Jams would be placed near Station 9000 to divert and
split flow, and additional Engineered Log Jams could be placed through the reach to improve
instream habitat conditions.

Implementing this approach will likely require property acquisition, partnership with local
municipalities and/or agencies, coordination with other stakeholders, and consultation with
regulatory agencies. In addition, the extent of fill and constriction removals should be evaluated
based upon topography that was not available for this evaluation. Removal of fill in some areas
may introduce greater risk to US 12 and should be carefully evaluated. Protection measures not
suggested in this report may need to be incorporated into fill removal projects to address any
increases in risk to US 12.

LIMITATIONS

We have prepared this report for use by the Washington State Department of Transportation
in evaluating the geomorphic conditions and developing a management plan to address
infrastructure and environmental concerns along US 12 and the lower 3.75 miles of the Naches
River. Further development of specific protection or rehabilitation plans will require additional
evaluation and collective acceptance of stakeholders. Conditions within the subject reach may
change both spatially and with time, and additional scientific data may become available.
Significant changes in site conditions or the available information may require reevaluation.

Within the limitations of scope, schedule, and budget our services have been executed in
accordance with generally accepted scientific and engineering practices in this area at the time
this report was prepared. No warranty or other conditions, express or implied, should be
understood.

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

<)
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We appreciate the opportunity to work on this project with you. Please call with any
questions that you have or if there is anything else that we can do for you.

Respectfully Submitted,

GeoEngineers, Inc.
/(/*

Tracy A. ﬁfhry, )
Seni}cy{jyer Science and Engineering

o

Galan W.
Principal

GWM:TD2:ads
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