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1 INTRODUCTION 

Anchor QEA, LLC, was retained by the Snake River Salmon Recovery Board (SRSRB) to 
further develop designs for restoration within Project Area 24 (PA-24) of the 
Tucannon River as delineated in the Conceptual Restoration Plan (Anchor QEA 2011a) from 
approximately river mile (RM) 28.25 to 27.5.  The Tucannon River basin is located in 
southeast Washington State in Columbia and Garfield counties.  Enhancing and restoring 
instream habitat in PA-24 will be accomplished through a variety of treatment actions in the 
main channel, along the banks, and within the floodplain.  This report describes the project 
subareas, as well as the function, design, and construction of restoration treatments that are 
proposed for implementation.  These treatments include large woody debris (LWD) 
placements and engineered log jams (ELJ) and removal of features such as levees, armor rock, 
and dredge spoils.  A description of the area with respect to existing natural processes and 
habitat conditions is provided in the Final 30 Percent Design Report (30% Design Report; 
Anchor QEA 2012), along with the specific physical and biological objectives that the 
proposed restoration actions are expected to achieve (Anchor QEA 2012, Appendix A).  The 
project’s contribution to the overall watershed-scale restoration plan is also described in the 
30% Design Report.   
 

1.1 Previously Completed Studies 

The following are previous studies completed in support of restoration within PA-24: 

• Tucannon Subbasin Plan (CCD 2004) 
• Snake River Recovery Plan for SE Washington (SRSRB 2006) 
• Conceptual Restoration Plan, Reaches 6 to 10 (Anchor QEA 2011a) 
• Tucannon River Geomorphic Assessment and Habitat Restoration Study 

(Anchor QEA 2011b) 
• Final 30 Percent Design Report, Project Area 24  (Anchor QEA 2012) 
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2 PROJECT PURPOSE AND OBJECTIVES 

The system-wide restoration objective for the Tucannon River is to improve habitat 
conditions for Endangered Species Act (ESA)-listed species for all life history stages.  
Improving habitat conditions will lead to an increase in the abundance of listed species 
returning to the river.  Increasing abundance will lead to delisting of the species, which is 
the overall recovery goal for the system.  Previous efforts (CCD 2004; SRSRB 2006) have 
identified the habitat-limiting factors associated with the decline of ESA-listed populations.  
A geomorphic assessment synthesized and updated this information and identified ten 
geomorphic reaches between the river mouth and Panjab Creek (RM 50).  Reach-scale 
restoration actions based on this basin-scale assessment were provided at a preliminary level 
in the Conceptual Restoration Plan (Anchor QEA 2011a).  A summary of this plan for the 
subareas within PA-24 can be found in Section 2 of the PA-24 30% Design Report 
(Anchor QEA 2012), and a brief description of the project selection process can be found in 
Section 1 of that report.  The restoration actions described in the Conceptual Restoration 
Plan (Anchor QEA 2011a) were refined in the 30% design phases (Anchor QEA 2012).  The 
restoration actions have now been further refined in this design phase.  The refinements are 
based on comments from landowners, the Columbia Conservation District (CCD) and 
SRSRB, and local Washington Department of Fish and Wildlife personnel, along with 
additional information about site conditions, access considerations, and anticipated permit 
requirements.   
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3 PROPOSED RESTORATION DESIGN 

For discussion purposes, PA-24 was divided into three discrete subareas with similar existing 
conditions, restoration objectives, and suites of treatment actions (Table 1).  For an overview 
of the proposed conditions in PA-24, see the Contract Drawings. 
 

Table 1   
Project Area 24 Subareas 

Subarea River Miles1 Project Stationing Length (feet) 

1 28.25 to 27.95 40+00 to 24+00 1,600  

2 27.95 to 27.7 24+00 to 12+00 1,200 

3 27.7 to 27.5 12+00 to 0+00 1,200  

Note: 
1. RM rounded to nearest 0.05 mile   
 

The proposed restoration actions are described within each subarea, including the physical 
descriptions, construction details, and expected biological and physical benefits.  Detailed 
descriptions of the general benefits of restoration actions on both a local- and watershed-
scale, including how these actions address habitat-limiting factors, are provided in several 
existing documents.  For additional information, see Section 5 of the Geomorphic Assessment 
(Anchor QEA 2011b) and Section 3 of the Conceptual Restoration Plan (Anchor QEA 2011a).  
Design details for LWD placements and ELJs are shown on the Contract Drawings.  
Although the subareas are described separately, the proposed design is intended to function 
collectively throughout the overall project area to achieve a reach-scale geomorphic response 
and optimum biological benefit in the long term.   
 

3.1 Subarea 1, Stations 40+00 to 24+00 

The primary objectives for salmonid habitat restoration in Subarea 1 are to introduce 
structure and hydraulic diversity and create hydraulic refugia and cover in the confined 
channel.  The proposed restoration actions include the following: 

• Selective removal of existing armor rock local to each ELJ between Stations 34+00 and 
28+00.  The armor rock will be used as part of the ballast for each ELJ. 
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• Construction of five channel grade ELJs are proposed in the mainstem channel 
between Stations 36+50 and 28+00.   

 
The channel grade ELJs will be counter sunk into the channel bed where the depth to 
bedrock allows.  Otherwise, the ELJs will be placed at the channel grade where bedrock is 
exposed.  Armor rock will be selectively reused with areas local to each ELJ between Stations 
34+00 and 28+00, where it does not disturb existing riparian trees.  During field observations 
in April 2012, it appeared that several rocks could likely be reused along the riprap bank 
without compromising the integrity of the structure.  Stockpiled rock was also observed on 
the floodplain that may be incorporated as ballast.  This observation will be verified during 
site visits prior to construction.  The existing weirs and irrigation intake are not expected to 
be affected by these project actions.   
 
The construction of ELJs in Subarea 1 is expected to break up high velocities and create low-
velocity refuge areas and cover during low to high flows.  In addition, the structures will 
promote retention of LWD and sediment to further diversify the channel and bed conditions.   
 

3.2 Subarea 2, Stations 24+00 to 12+00 

Habitat restoration objectives within Subarea 2 are to establish floodplain connectivity, 
instream hydraulic diversity, and channel planform complexity.  The proposed restoration 
actions include the following: 

• Re-grading of the existing left bank levees to 2-year flood elevation and grading to the 
low-flow water surface elevation at select locations; placing armor rock along the toe 
of the western floodplain terrace (an existing field) 

• Development of forested islands and split flow by retaining portions of existing levees 
and construction of two Bar Apex Racking ELJs  

• Construction of two Bar Apex ELJs within the main channel  
• Construction of one Channel Grade ELJ in the reconnected portion of the low-lying 

floodplain   
• Construction of three Rootwad Refuge and Retention LWD structures along the right 

bank between Stations 19+00 and 12+00 
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• Placement of 20 Single LWD structures along the banks from Station 24+00 to 12+50 
to provide hydraulic refuge and cover for juvenile salmonids 

 

Along the left bank, three of the existing armored levees will be graded to the approximate 
elevation of the 2-year flood water surface.  Armor rock from the face of the levees (where 
applicable) will be placed along the toe of the floodplain terrace (i.e., the irrigated field) so 
that existing riparian trees are not disturbed.  The material composing the core of the levees 
is expected to be primarily streambed sands, gravel, and cobbles; this material may be used to 
backfill ELJ structures, carefully distributed along the toe of the terrace among the armor 
rock, or distributed across the floodplain elsewhere on the site.  Additional excavation within 
the footprint of the re-graded levee sections is proposed in two locations.  These areas should 
be excavated to the approximate low-flow water surface elevation such that the channels 
will be activated at all but the lowest annual flows.     
 

Sections of the existing levees will remain in place as shown on the Contract Drawings.  The 
upstream portions of the upper and middle armored levees will remain as toe reinforcement 
along the base of the floodplain terrace.  A channel will be cut through the downstream-
most levee/knob where existing vegetation disturbance can be minimized.  The downstream 
portions of the upper and middle left bank levees will be left in place to create forested 
islands.  A Bar Apex Racking ELJ will be constructed at the head of each island to emulate a 
natural accumulation of LWD around a hard point or obstruction.  The three additional ELJs 
will be placed in existing low-lying areas to interface with low flows.  Three Rootwad Refuge 
and Retention LWD structures will be placed along the right bank in an area of existing 
channel migration.   
 

Re-grading the levees as proposed will reconnect a large area of low-lying floodplain.  The 
Bar Apex Racking ELJ and other ELJs will help maintain the forested islands and promote the 
development of split flow paths throughout the reconnected floodplain, eventually leading to 
the formation of additional gravel bars and forested islands that may support riparian 
vegetation.  The Bar Apex ELJ at Station 23+80 is expected to help maintain the existing side 
channel in the right floodplain.  The proposed ELJ structures are also expected to provide 
cover, low-flow hydraulic complexity, and high-flow refuge, and will promote retention of 
additional LWD and growth of the structures and islands over time.     
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3.3 Subarea 3, Stations 12+00 to 0+00 

The objectives of salmonid habitat restoration in Subarea 3 are to increase hydraulic diversity 
and refugia during low to high flows and to increase floodplain connectivity.  The proposed 
restoration actions include the following: 

• Construction of two Bar Apex ELJs between Stations 12+00 and 10+00 
• Construction of four Bank Barb ELJs between Stations 8+00 and 3+40 
• Construction of two Rootwad Refuge and Retention LWD structures along the right 

bank between Stations 8+50 and 5+80 
• Construction of one Bar Apex Racking ELJ near Station 5+00 
• Excavation of a starter side channel along the left side of the Bar Apex Racking ELJ 

from Station 5+40 to 3+80 
• Construction of two Channel Barb ELJs between Stations 2+80 and 0+80 

 
The proposed restoration actions will promote hydraulic diversity and increase floodplain 
connectivity in the subarea.  The ELJs proposed will establish hydraulic diversity and cover 
in the mainstem channel during low flows, create high-flow refuge, and promote retention 
of LWD and sediment.   
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4 PROPOSED STRUCTURES 

A total of seven different types of LWD placements and ELJ structures are proposed 
throughout PA-24.  They vary from single pieces of large wood to large, multiple-layer 
structures.  The various types and locations will target specific habitat, hydraulic, and 
geomorphic goals throughout the area.  The construction components of each LWD 
placement and ELJ structure are described in the following subsections. 
 

4.1.1 Bar Apex ELJ 

The Bar Apex ELJ will consist of 50 logs and 11 layers.  The rootwad logs will consist of one 
size class: 25 feet in length with an 18-inch diameter.  The log poles will consist of three size 
classes: 40 feet in length with a 24-inch diameter, 35 feet in length with an 18-inch diameter, 
and 25 feet in length with an 18-inch diameter.  The structure will be 40 feet long, 30 feet 
wide, and 18 feet high.  Connections between the layers will be made using steel chain, 
rigging staples, and chain connector links.  The bottom of this structure will be set near the 
anticipated maximum scour depth, and substantial bed excavation will be required for 
construction.  The interior of the structure will be backfilled with native material from the 
structure and pool excavation.  Excess native material from the excavation will be placed in 
the lee of the structure.   
 

4.1.2 Bar Apex Racking ELJ 

The Bar Apex Racking ELJ will consist of six layers and a total of 12 rootwad logs and six log 
poles.  Each layer uses two rootwad logs (35 feet in length with a 15-inch diameter) and one 
log pole (35 feet in length with a 15-inch diameter).  The rootwad logs and log poles are 
spaced approximately 6 feet apart and oriented at approximately a 45-degree angle to the 
flow.  The design of this ELJ allows the orientation of each log to be flexible to work with 
existing large trees.  Connections between the layers will be made using steel chain, rigging 
staples, and chain connector links.  The bottom of this structure will be set at the channel 
grade with minimal bed excavation required for construction.  To improve stability, the ELJ 
may be backfilled with native material from the adjacent levee removals or side channel 
excavations.   
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4.1.3 Channel Grade ELJ 

The Channel Grade ELJ will consist of 15 logs and six layers.  The rootwad logs will consist of 
one size class: 20 feet in length with an 18-inch diameter.  The log poles will consist of two 
classes: 40 feet in length with a 24-inch diameter and 20 feet in length with an 18-inch diameter.  
The structure will be 40 feet long, 22 feet wide, and 10.5 feet high.  Connections between the 
layers will be made using steel chain, rigging staples, and chain connector links.  The bottom of 
this structure will be set 3 to 4 feet below the channel grade depending on bed rock depth and 
presence.  The interior of the structure will be backfilled with large imported boulders or native 
boulders and large rock from levee and riprap removal within the project site. 
 

4.1.4 Bank Barb ELJ 

The Bank Barb ELJ will consist of 32 logs and 10 layers.  The rootwad logs will consist of one 
size class: 20 feet in length with a 15-inch diameter.  The log poles will consist of one size 
class: 20 feet in length with a 15-inch diameter.  The structure will be 32 feet long, 24 feet 
wide, and 14 feet high.  Connections between the layers will be made using steel chain, 
rigging staples, and chain connector links.  The bottom of this structure will be set near the 
anticipated maximum scour depth, and substantial bed and bank excavation will be required 
for construction.  The interior of the structure will be backfilled with native material from 
the structure and pool excavation.  Excess native material from the excavation will be placed 
in the lee of the structure.   
 

4.1.5 Channel Barb ELJ 

The Channel Barb ELJ structures will consist of 15 logs and six layers.  The rootwad logs will 
consist of one size class: 20 feet in length with an 18-inch diameter.  The log poles will 
consist of one size class: 20 feet in length with an 18-inch diameter.  The structure will be 
25 feet long, 25 feet wide, and 10 feet high.  Connections between the layers will be made 
using steel chain, rigging staples, and chain connector links.  The bottom of this structure 
will be set near the anticipated maximum scour depth, and bed and bank excavation will be 
required for construction.  The interior of the structure will be backfilled with native 
material from the structure and pool excavation.  Excess native material from the excavation 
will be placed in the lee of the structure.   
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4.1.6 Rootwad Refuge and Retention LWD 

The Rootwad Refuge and Retention LWD placements will consist of three logs with 
rootwads.  The rootwad logs will be 25 feet in length with an 18-inch diameter.  The 
placement will be ballasted using six imported boulders.  Chain will be used to secure the 
rootwad logs to the boulders.  The bottom of this structure will be set at the channel grade 
with minimal bed excavation required for construction. 
 

4.1.7 Single LWD  

The Single LWD placements will consist of one rootwad log that is 35 feet in length with an 
18-inch diameter.  The placements may be anchored between existing trees or buried into 
the banks.  When trees are used as anchors, a limited amount of synthetic fiber manila rope 
will be used to provide a connection that will not harm the tree over time.   
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5 HYDRAULIC ANALYSIS 

5.1 HEC-RAS Models 

Two one-dimensional (1-D) Hydraulic Engineering Center–River Analysis System 
(HEC-RAS) hydraulic models (Brunner 2010a, 2010b) were developed by Anchor QEA for 
PA-24 from Station 0+00 to Station 39+00.  The detailed hydraulic model was not extended 
upstream or downstream of the project because there are limited concerns related to existing 
infrastructure and property.  One model was developed to represent existing conditions and 
the second was developed to represent proposed conditions.  The results of these HEC–RAS 
models were used to support the structure design calculations and scour calculations 
presented in this report as well as the project risk assessments.  The model was run using the 
design hydrology shown in Table 2 for the discharge profiles.  The design hydrology 
provided an understanding of hydraulic conditions over a wide range of discharges. 
 

Table 2   
Design Hydrology, Project Area 24, Tucannon River 

Discharge (cfs) Return Period 

420 1-year  

1,030 2-year  

2,300 5-year  

3,530 10-year  

5,620 25-year  

7,630 50-year  

10,080 100-year  

Notes: 
1. Hydrology was developed by Anchor QEA as part of the geomorphic 

assessment and habitat restoration study (Anchor QEA 2011b) and has been 
rounded to the nearest 10 cfs for design purposes.  PA-24 is considered to be 
represented by discharges at the Marengo Gage. 

cfs = cubic foot per second 
 
The HEC-RAS cross-section station elevation data were taken from a three-dimensional 
(3-D) existing conditions surface developed by Anchor QEA for PA-24.  The 3-D surface 
used the bare earth data from a 2010 aerial Light Detection and Ranging (LiDAR) survey 
(provided by CCD).  Cross-sections and other model geometries were drawn and exported in 
AutoCAD and imported into the 1-D HEC-RAS model.  Cross-sections in the model were 
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located to capture significant changes in channel and floodplain planform, as well as changes 
in channel gradient, with the spacing of cross-sections varying in proportion to planform 
complexity of the channel and floodplain.  Channel and floodplain roughness values were 
estimated using typical values for the land use and channel condition observed in the field 
and as identified from 2010 aerial photography.  Existing levees and known ineffective flow 
areas were also added to the model to appropriately confine and restrict flow.   
 
For the proposed conditions model, LWD placements were accounted for in the model using 
increased roughness values within the cross-section.  ELJs were represented by blocked 
obstructions and ineffective flow areas.  Proposed grading, including levee removal and 
floodplain channel cuts, were modeled with modifications to the cross-section geometry and 
changes in roughness values.   
 

5.1.1 Model Assumptions 

The following is a listing of some of the major assumptions for both the existing and 
proposed models:  

• No mobile bed functions were run to evaluate scour, deposition, or erosion that may 
occur as the channel responds to the proposed grading, ELJs, and LWD placements. 

• Peak discharges were represented by steady flow conditions. 
• The upstream and downstream boundary conditions are the normal flow depth for 

the local channel slope and roughness. 
• No split flow paths were modeled, although split flow and variation in the water 

surface elevation across the channel and floodplain are likely to occur over a range of 
discharges. 

• The flow regime was allowed to transition between subcritical and supercritical. 
 

5.2 Results 

The HEC-RAS modeling results were used to help evaluate structure scour and stability 
(Section 6) and to identify likely changes in water surface elevations (feet) and velocities 
(feet per second) throughout the project site that may represent a change in risk (Section 7).  
When discussing the results, HEC RAS model cross-sections are referred to by their stations 
throughout PA-24. 
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6 DESIGN ANALYSES 

The design analyses completed for the proposed structures included scour depth and 
stability.  These design calculations were used to set footprint elevations and determine the 
stability of each of the structures and the resulting factors of safety that apply to the 
structure.  The factor of safety can generally be defined as a ratio of the structure’s holding 
strength to the modeled applied load.   
 

6.1 Scour Analysis 

Bed scour at the Bank Barb and Channel Barb ELJs was estimated using an equation 
originally presented by Liu et al. (1961) for scour at bridge abutments.  This equation has 
since been recommended by others, including Drury (1999), for use in calculating scour at 
ELJs located along the edge of a channel.  The equation relates flow conditions (i.e., flow 
depth and velocity), obstruction dimensions, and Froude number to maximum scour depth 
below existing grade.  Approach velocity, water depth, and Froude number were obtained 
from the hydraulic output of a HEC-RAS steady-state model completed by Anchor QEA.   
 
Bed scour at the Bar Apex, Bar Apex Racking, and Channel Grade ELJs was estimated using 
the simplified Chinese equation (Landers and Mueller 1996) developed for bridge piers in 
coarse bed rivers.  The equation relates flow conditions (i.e., flow depth and velocity), 
obstruction dimensions, and sediment grain size distribution to maximum scour depth below 
existing grade.  Values for the required hydraulic parameters were obtained from output of 
the HEC-RAS steady-state model completed by Anchor QEA.  Estimates of the channel bed 
grain size distribution were made based on site visit observations.   
 
Results of this analysis were used to determine the maximum probable depths of bed scour 
that could potentially undercut the structures.  However, final footprint elevations were 
determined based on scour estimates and professional judgment.   
 

6.1.1 Scour Equation (Liu et al. 1961) 

The Liu et al. (1961) scour equation was selected for use at ELJs located along the edge of the 
channel.  This equation was originally intended to estimate scour at abutments where the 
groins are placed perpendicular to the flow.  The equation was developed from laboratory 
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tests in a flume and prototype measurements and was subsequently verified with field 
experiments.  Results of the study indicated that the contraction ratio and approach flow 
depths are the critical parameters.  This equation is recommended when the ratio of effective 
length (𝐿𝐿𝑒𝑒) of the ELJ protruding into the flow divided by the upstream hydraulic depth (𝑑𝑑1) 
is less than 25.   

 𝑑𝑑𝑠𝑠 = 1.1 ×
𝐿𝐿𝑒𝑒
𝑑𝑑1

0.4
× 𝐹𝐹𝐹𝐹0.33 × 𝑑𝑑1 (1) 

where: 
𝑑𝑑𝑠𝑠 = scour depth (predicted) 
𝐿𝐿𝑒𝑒 = length (effective) 
𝑑𝑑1= upstream hydraulic depth 
𝐹𝐹𝐹𝐹 = Froude number (dimensionless number), where  

 𝐹𝐹𝐹𝐹 =
𝑉𝑉

�𝑔𝑔 × 𝑑𝑑
 (2) 

𝑉𝑉 = flow velocity 
𝑔𝑔 = gravitational acceleration 
𝑑𝑑 = flow depth 

 

6.1.2 Simplified Chinese Equation (Landers and Mueller 1996) 

The simplified Chinese pier-scour equation was selected for use at ELJs in locations where 
high flow may pass around both sides.  This equation is applicable to coarse-bed rivers and is 
based on laboratory and field data from China (Landers and Mueller 1996, as cited in Chase 
and Holnbeck 2004).  The equation accommodates clear-water scour and live-bed scour.   
 

For live bed scour 
𝑉𝑉𝑜𝑜 > 𝑉𝑉𝑐𝑐 𝑦𝑦𝑠𝑠 = 0.95 × 𝐾𝐾𝑠𝑠 × 𝑏𝑏0.6 × 𝑦𝑦𝑜𝑜0.15 × 𝐷𝐷50−0.07 × �

𝑉𝑉𝑜𝑜 − 𝑉𝑉𝑖𝑖𝑐𝑐
𝑉𝑉𝑐𝑐 − 𝑉𝑉𝑖𝑖𝑐𝑐

�
𝑐𝑐
 (3) 

where: 
𝑦𝑦𝑠𝑠 = depth of scour below bed, feet 
𝐾𝐾𝑠𝑠= pier shape coefficient 
𝑏𝑏 = pier width, feet 
𝑦𝑦𝑜𝑜 = existing depth in channel before contraction scour, feet 
𝑉𝑉𝑜𝑜 = approach velocity upstream of the pier, feet per second 
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 𝑐𝑐 = �
𝑉𝑉𝑐𝑐
𝑉𝑉𝑜𝑜
�
8.20+2.23×log𝐷𝐷50

 (4) 

𝐷𝐷50 = median particle size, feet  
𝑉𝑉𝑐𝑐 = critical velocity (incipient motion) for the D50-sized particle, feet per second 

 𝑉𝑉𝑐𝑐 = 3.28 × �
𝑦𝑦𝑜𝑜
𝐷𝐷50

�
0.14

× �8.85 × 𝐷𝐷50 + 6.05 ∙ 10−7 �
10 + 0.3048 × 𝑦𝑦𝑜𝑜

(0.3048 × 𝐷𝐷50)0.72��
0.5

 (5) 

 𝑉𝑉𝑖𝑖𝑐𝑐 = approach velocity corresponding to critical velocity at the pier, feet per second  

 𝑉𝑉𝑖𝑖𝑐𝑐 = 0.645 × �
𝐷𝐷50
𝑎𝑎
�
0.053

× 𝑉𝑉𝑐𝑐 (6) 

 

6.1.3 Results 

The maximum probable scour was estimated for the Bar Apex, Channel Grade, and Bank 
Barb ELJs over a range of flows up to the 100-year event.  The maximum probable scour was 
estimated for the Bar Apex Racking ELJ over a range of flows up to the 10-year event.  
Table 3 shows the probable scour depths based on both the results of this analysis and 
professional judgment. 
 

Table 3   
Probable Maximum Scour Depths for the Proposed ELJs 

ELJ1 Flow Event  Equation Scour Depth (feet) 

Bar Apex 100-year 
Simplified Chinese Equation 
(Landers and Mueller 1996) 

8.5 

Channel Grade 100-year 
Simplified Chinese Equation 
(Landers and Mueller 1996) 

9 

Bank Barb 100-year Liu et al. 1961 9 

Channel Barb 10-year Liu et al. 1961 5 

Bar Apex Racking 10-year 
Simplified Chinese Equation 
(Landers and Mueller 1996) 

9 

Note: 
1. Results are reported for the feature or structure location with the highest calculated scour depth (for that 

feature or structure).  A common structure design was used even though scour may be less at other locations.    
 
The probable maximum scour depths for the ELJs are similar because their widths (𝑏𝑏), at the 
channel grade, are similar and the approach depths and velocities are also similar.  The major 
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difference between these two ELJ structures is how they are designed to handle scour, as 
described in the following:   

• The Bar Apex, Bank Barb, and Channel Barb ELJ structures are embedded into the 
channel bed to a depth just above the probable maximum scour depth.  Embedding 
the structure into the bed reduces the likelihood that scour under the structure would 
result in differential settling, thereby compromising the stability of the structure.   

• The Channel Grade ELJ structure is countersunk just a few feet below the existing 
channel grade as depth to bed rock allows.  The front of the structure, where 
maximum scour depth is anticipated, is set forward of the enclosed portion of the 
structure containing the ballast material.  This configuration limits the likelihood that 
scour would undermine the structure and cause differential settling.  Additionally, 
the enclosed portion of structure is backfilled with large boulders rather than native 
material.  The size of the boulders greatly improves the retention of the ballast 
required for stability even if the structure experiences differential settling and 
distortion.  Furthermore, many locations where the Channel Grade ELJ structure is 
proposed have a significantly coarser bed material and shallow bed rock presence that 
will limit the maximum scour depth to less than the depths calculated.  

• The Bar Apex Racking ELJs will be built around existing high points, and the logs and 
rootwad logs will be threaded between existing trees.  This configuration will allow 
the area under the front of the structure, away from the trees, to be scoured out 
without significantly reducing the overall stability of the structure.  Even if the 
structure experiences differential settling, the overall stability of the structure is 
unlikely to be compromised in a significant way.     

 
Scour was not evaluated for the Rootwad Refuge and Retention LWD placements.  These 
placements are designed to be flexible and settle into any scour local to the rootwad logs and 
boulders.  In addition, scour was not calculated for the single pieces of LWD that will be 
placed throughout the project reach or for the bank roughness LWD.  The single logs will 
either be embedded into the bank or braced between existing trees within the floodplain.   
 

100% Basis of Design Report  November 2014 
Tucannon River Project Area 24 15 140850-01.01 



 
 

Design Analyses 

6.2 Structure Stability  

6.2.1 Ballasted Structures 

The stability analysis of ballasted structures evaluates the sum of all the forces acting on the 
structure to determine the horizontal and vertical factor of safety against displacement.  The 
forces driving and resisting structure displacement are as follows:  

• The upward force on the structure from the buoyancy of the submerged wood  
• The downward force from the weight of the un-submerged wood and the ballast 

material secured to or within the  structure   
• The horizontal form drag force acting on the structure  
• The resisting horizontal force caused by friction between the bottom of the structure 

and the river bed 
 
The factors of safety shown in Table 4 (for both vertical and horizontal forces) apply to the 
stability of structures just after construction.  Calculations assume that the wood density is 
equal to the average green weight of wood and bark for the lowest density species allowed in 
construction.  Over time, much of the wood within the structure can become saturated, 
thereby increasing the wood’s density and increasing the overall weight and resisting force of 
the structure.  Calculations also assume the bulk porosity of the backfill material placed as 
ballast is 0.30.  For structures where boulders are used as ballast, the rock mass specific 
gravity is assumed to be 2.9 to match the locally available rock type density. 
 
Structure buoyancy calculations were not completed for the pile-supported or tree-braced 
structures.  See Section 6.2.2 for an explanation of tree-braced structures and the structures’ 
expected stability. 
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Table 4   
Factors of Safety for Gravity Structure Stability 

Structure 
Design Flow 

Event 
Design Flow 

(cfs) 
Design Velocity 

(fps) 

Horizontal 
Factor of 
Safety1 

Vertical 
Factor of 
Safety2 

Bar Apex  100-year 10,080 12 1.9 3.7 

Channel Grade 100-year 10,080 12.4 1.5 4.1 

Bank Barb 100-year 10,080 12 1.5 3.7 

Channel Barb 10-year 3,530 10.6 1.9 3.7 

Rootwad Refuge 
and Retention 

10-year 3,530 8 1.6 6.5 

Single Log 10-year 3,500 7 1.7 2.1 

Notes: 
1. Horizontal factor of safety is the friction force divided by the drag force. 
2. Vertical factor of safety is the downward vertical force of the ballast and logs divided by the upward vertical 

force of the submerged wood logs.  
cfs = cubic foot per second 
fps = foot per second 

 

6.2.2 LWD and ELJs Using Existing Trees 

A specific stability analysis for LWD placements and ELJs braced against existing standing 
trees was not completed.  The stability of each LWD braced against existing standing trees 
will depend largely on the size, species, and health of the trees that the hydraulic forces are 
transferred to, as well as the approach angle of hydraulic forces and the changes in these 
forces over time.  The stability of the ELJs braced against and woven into existing trees will 
depend on many of the same factors.    
 
During construction, the Engineer will identify trees that can be used to brace single LWD 
placements and members in ELJ structures.  The trees will be selected based on their size, 
species, and health to provide the best possible stability at that location.  Bracing structures 
against existing standing trees may increase the risk that the trees could be brought down 
during a high-flow event.  However, this risk will generally be reduced over time as the 
LWD placement or ELJ becomes more saturated and as the standing trees continue to grow.  
It is expected that LWD placements and ELJs braced against existing trees will be capable of 
withstanding moderate discharge events.  However, the hydraulic forces and the potential 
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for channel migration caused by a 100-year event may cause the LWD placement or ELJ to 
shift significantly. 
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7 RISK ASSESSMENT 

Results of the HEC-RAS hydraulic model were used to determine potential changes in 
channel and floodplain water surface elevations and erosion throughout the project reach, as 
well as upstream and downstream of the site.  Construction of ELJs and placement of LWD 
within the channel and floodplain area will alter flood inundation areas and flood flow 
depths.  The construction of ELJs and placement of LWD may also alter the rate and location 
of lateral bank erosion locally at and near the structures.  The removal of portions of levees 
and the excavation of floodplain channels will increase floodplain connectivity and reduce 
main channel velocities during flood events.  The following sections further describe these 
changes with respect to erosion and flood risk to adjacent properties and infrastructure both 
within the project site and upstream and downstream of the site.    
 

7.1 Changes at ELJs and LWD Placements  

ELJs placed within channel flow change local hydraulics as they locally obstruct flow.  
Channel deposition may occur upstream of the ELJs as the velocity is reduced due to the flow 
obstruction, as well as downstream in the slackwater or lee.  Directly at the face of the ELJ, 
localized turbulence typically scours a pool on the upstream side that tails out around the 
side(s).  This turbulence and energy dissipation is reflected in the water surface elevation 
results for the proposed condition, as the ELJs create localized increases in water depths.  The 
localized changes at the ELJs are unlikely to increase the flood risk to adjacent properties and 
infrastructure.  LWD placements may also cause minor changes to local hydraulics and bed 
forms but their influence is considerably less than ELJs.  For that reason, the LWD 
placements were not included in the proposed conditions HEC-RAS model. 
 

7.2 Floodplain Channel Excavation Adjustments 

As floodplain channels are activated in areas where banks have been cut or graded to expose 
alluvium, minor erosion is expected.  Velocities within the floodplain channel excavations 
are predicted to be initially higher than surrounding areas of the floodplain and decrease 
overtime as the banks and the channel bed adjust to the increase in discharge.  Long-term 
erosion through the floodplain channels is possible and is considered part of natural alluvial 
processes. 
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7.3 Reach Scale Hydraulics 

Construction of ELJs and removal of portions of levees will alter the existing water surface 
elevations (water depths), flood inundation extents, and velocities within portions of the 
project site.  Predicted changes in water depths, flood inundation extents, and velocities as a 
result of the project are summarized in Table 5 and described in the following sections for 
areas upstream, within, and downstream of the project.   
 

Table 5   
Summary of Modeled Water Surface and Flow Velocity Changes  

Reach  Location Water Surface Elevations  Flow Velocities   

Upstream of the 
Project  

Station 39+88 and 
upstream 

No change indicated   No change indicated   

Subarea 1 Stations 39+88 to 24+00 
Increases in the range of 

1 to 3 feet near ELJs  

Decreases/increases in the 
range of 1 to 3 fps near 

ELJs 

Subarea 2  Stations 24+00 to 12+00 
Decreases in the range of 

1 to 3 feet near levee 
removals 

Decreases/increases in the 
range of 1 to 5 fps near 

levee removals1 

Subarea 3 Stations 12+00 to 0+00 

Fluctuations near ELJs in 
the range of 0.5 to 1 foot; 

no significant change in 
road inundation extents 

Decreases/increases in the 
range of 1 to 6 fps near 

ELJs2 

Downstream of the 
Project 

Station 0+00 and 
downstream 

No change indicated   No change indicated   

Notes:  
1. Increase of 4 feet per second occurs once locally; velocity increases at other locations in the subarea do not 

exceed 3 feet per second. 
2. Increase of 6 feet per second occurs once locally; velocity increases at other locations in the subarea do not 

exceed 3 feet per second. 
3. Changes are for the 100-year return period event relative to the existing conditions model results. 
ELJ = engineered log jam 
fps = foot per second 
 

7.3.1 Upstream of the Project 

At the upstream extent of the model (Station 39+88) the model showed no changes in water 
surface elevations or velocities between existing and proposed conditions.  Consequently, no 
changes in water surface elevations or velocities between existing and proposed conditions 
upstream of the model extent are expected as a result of the project.  
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7.3.2 Project Reach 

Water surface elevations are predicted to vary from existing conditions throughout the main 
channel.  These variations are related to the construction of ELJs and the removal of portions 
of levees and the excavation of floodplain channels.   

• In Subarea 1, where the channel is generally confined, the model indicates that the 
water surface elevations and velocities will increase as a result of the Channel Grade 
ELJs.  These increases are expected to be mitigated by channel migration into the left 
bank and floodplain adjacent to the ELJs.  This will likely occur during the first high-
flow event.   

• In Subarea 2, where portions of several levees will be removed, the model indicates 
that the water surface elevation and velocities will decrease.  The decreases in 
velocity are expected to be maintained or improved over the long term as riparian 
vegetation continues to mature and the ELJs collect additional large woody material.  
As the overall roughness in the subarea increases over time, the water surface 
elevations may increase but are unlikely to reach the elevations shown in the existing 
conditions model.   

• In Subarea 3, where multiple ELJs will be constructed, the model indicates 
fluctuations in the water surface elevations and velocities upstream and downstream 
of each ELJ.  The model does not, however, indicate that these fluctuations are likely 
to impact flood frequency or inundation extents over the Tucannon River Road.  The 
model indicates that road inundation occurs in existing conditions at the 25-year 
event near Station 2+00 and at the 50-year event near Station 5+00.  The proposed 
conditions model indicates no significant change from existing conditions in the 
inundation at Station 2+00 and 5+00 for the 25-year and 50-year events respectively.  

 

7.3.3 Downstream of the Project 

Water depth increases (over the baseline condition) downstream of the project are not expected 
as a result of the project.  During short-duration flood events, the project may actually store a 
portion of the discharge attenuating the flood peak immediately downstream of the project.  In 
areas downstream of the project, existing natural processes that control flood extents, 
occurrences, and events will continue with or without the upstream project actions.    
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Model water velocity results may be used as an indicator of potential erosion and deposition.  
Where predicted, increases in water velocity may indicate areas where erosion may increase 
over the existing conditions.  In addition, in areas where water velocities are expected to 
decrease over the existing condition, deposition may occur, resulting in aggradation of the 
channel in the long term.   
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8 CONSTRUCTION METHODS AND BEST MANAGEMENT PRACTICES 

Construction of this restoration project is expected to occur in summer 2015.  Dewatering 
procedures, best management practices (BMPs), and strategic construction sequencing will 
be specified and provided to the contractor to minimize disturbance to existing habitat to the 
extent practicable.   
 

8.1 Construction Sequencing 

The following is a general outline of the construction sequencing for the project.  Potential 
access roads and staging areas are shown on the Contract Drawings.  The sequencing is based 
on prior experience with similar projects and serves as recommendations.  Final construction 
sequencing and methods is ultimately up to the contractor.   

• Temporary Erosion and Sediment Control (TESC) measures shall be completed as 
outlined in the approved TESC plan before mobilizing or moving equipment. 

• Staging areas and access routes shall be laid out in a manner that minimizes the 
disturbed area. 

• Access to the site shall be from Tucannon Road on the right bank of the 
Tucannon River and from the established access road along the edge of the valley in 
the left bank floodplain.  

• In some locations, the left bank of the river shall be accessed by a temporary crossing 
of the channel. 

• Care of water plan shall be implemented before any instream work begins (and will 
be developed by the selected contractor). 

• All excavated materials being stockpiled for later use shall be staged above the 
ordinary high water line (OHWL). 

• All equipment shall be stored above the OHWL. 
• Excavation for ELJs shall be to the design depth of the structure. 
• LWD and ELJs placed at the bank shall be done in a manner that minimizes 

disturbance of the bank. 
• Structures located farthest from access routes shall be constructed first, backing 

equipment out as structures are constructed. 
• As construction is completed, access routes shall be restored to pre-project conditions. 
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8.2 Mobilization and Project Area Preparation 

Mobilization and project area preparation includes transporting equipment to the area, 
clearing for construction access and staging, and installing silt fencing and other project-
specific BMPs.  Any trees and brush cleared for access and staging will be side cast and used 
during project cleanup or integrated into other project components.  Construction fencing 
may be placed along the perimeter of the staging areas and access roads to protect adjacent 
areas from disturbance.   
 

8.2.1 Staging Areas 

Staging areas will need to be developed to store construction equipment and materials, and 
provide a location for refueling and maintenance of equipment.  The proposed staging areas 
shown on the Contract Drawings are located to minimize disturbance to vegetation and 
provide convenient storage for different portions of the project site.  Clearing of vegetation 
within the staging areas will be limited to brush and trees smaller than 3 inches in diameter.  
Prior to clearing of staging areas, the Owner may flag the extents of the areas and vegetation 
to be protected.  During construction, dry, unvegetated gravel bars may also be used for 
temporary staging for construction materials.  Staging areas below the OHWL may not be 
used for equipment storage, refueling, or maintenance. 
 

8.2.2 Temporary Access 

Temporary access roads may be constructed to access the project area from the established 
roads.  The proposed access route alignments shown on the Contract Drawings are intended 
to minimize riparian disturbance and provide efficient access to different portions of the 
project site.  In addition, temporary channel crossings may be installed to access bar/island 
components of the project and structures along the opposite bank from temporary access 
roads.  Temporary crossings should be made to minimize channel disturbance.  Site access 
may require some clearing of brush and small trees.  Prior to clearing of access routes, the 
Owner may flag the route extents and vegetation to be protected.  Any trees and brush 
cleared from access routes will be stockpiled on site and used to decommission the access 
routes or integrated into other project components.  Dry, unvegetated gravel bars may also 
be used as access routes during construction to minimize riparian impacts.  
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8.3 General Best Management Practices 

8.3.1 Surface Erosion Control 

Surface erosion control during construction is an important turbidity control measure for the 
project.  Removal of vegetation may temporarily leave areas exposed and vulnerable to 
erosion before re-establishment of vegetation.  Silt fencing around the perimeter of areas 
where vegetation is removed is recommended to capture sediment and delineate the 
construction disturbance limits.  During project area decommissioning, straw mulch should 
be placed to minimize erosion of materials as vegetation is established.  Silt fencing should be 
removed by hand once temporary surface erosion control measures are in place or vegetation 
is established in the disturbed areas.   
 

8.3.2 Refueling Practices and Spill Prevention and Countermeasures  

The following BMPs would be implemented for spill prevention during refueling and 
maintenance:  

• Each piece of machinery would be checked daily for leaks, and any repairs would be 
done before work in or near water. 

• All vehicle staging, cleaning, maintenance, refueling, and fuel storage would take 
place above the OHWL, in an approved staging area that is 150 feet or farther from 
any waterbody, in accordance with local, state, and federal regulations and permit 
conditions. 

• A driver/operator must be present and maintain constant observation/monitoring of 
the fuel transfer at all times. 

• A driver/operator must be trained in spill prevention, cleanup measures, and 
emergency procedures. 

• All employees must be made aware of the significant liability associated with fuel 
spills. 

• Spill containment and countermeasures must be maintained at all locations where 
refueling occurs; materials include non-water absorbents capable of absorbing 
15 gallons of diesel fuel, and drip pans. 

• All machinery and equipment working in or near waterbodies would maintain non-
water absorbents capable of absorbing 15 gallons of diesel fuel, and drip pans. 
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• If a power generator is used during construction, the generator should be placed out 
of the river channel and within a spill containment unit. 
 

8.3.3 Weed Control/Prevention 

To minimize the establishment and colonization of weeds and invasive plant species in the 
project area several preventative measures can be implemented: 
 
Pre-construction: 

• A survey for invasive/weed species should be conducted in the entire project area and 
upstream of all contributing waters prior to construction, planting, or soil-disturbing 
activities. 

• Invasive/weed species that are found should be documented on a map or noted by 
global positioning system coordinates for annual inspection. 

• Invasive/weed species should be removed during or before flowering to prevent the 
spreading of target species seeds. 

• In removal areas, soil disturbance should be minimized by cutting the invasive/weed 
species at the stem. 

• Removed invasive/weed species should be collected and taken away from the project 
area. 

 
During Construction: 

• The root systems of woody invasive/weed species should be removed if they are in the 
footprint of the designed soil-disturbance area. 

• Disturbed soils should be stabilized and covered with a seed-free mulch or anti-
erosion material once final grade is established. 

• Established corridors of travel by construction and support vehicles should be 
minimized to prevent disturbance of soil and carrying invasives/weeds into the 
project area. 

• All staged or delivered materials (rock, soil, mulch, plants, and LWD) should be 
inspected upon arrival to minimize the introduction of invasive seed sources and 
plant material. 
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Post-construction: 

• All disturbed soils, including soil at planting areas, should be protected with seed-free 
mulch or compost to suppress invasives/weeds and to retain moisture. 

• Revisit pre-construction invasive/weed survey areas to look for regeneration and or 
suppression (document findings). 

• If plantings require irrigation, use a localized drip system, instead of a broadcast 
system, to minimize benefit to invasive/weed seed sources. 

• Establish an annual or biannual monitoring plan to identify and address the problem 
invasive/weed species. 

 

8.3.4 Water Control 

Water control during construction is the most critical turbidity control measure for the 
project.  Installation of many project components will require excavation below the water 
table, and turbid water will be generated.  The following section provides a brief description 
of the recommended water control procedures for project structure requiring significant 
water control.  However, the contractor will be responsible for developing the final water 
control plan.  Additionally, the contractor will be responsible for dewatering the excavations 
as required for constructability and pumping water to a location suitable for natural 
infiltration as approved by the Engineer.  The contractor will provide sufficient equipment to 
accommodate changes to the water control plan required by project area conditions during 
construction as directed by the Engineer.  
 

8.3.4.1 LWD and ELJ Construction 

Many of the LWD placements and ELJs will be constructed in the active channel (or in areas 
with a surface water connection to the active channel).  For these locations, any required 
excavation will be conducted within temporary gravel berms or silt curtains, or by using 
another temporary flow separation method, to minimize the dispersion of turbid water into 
the active channel.  For structures in or near the main channel, water entering the 
excavation will be of a significant volume.  Pumps of sufficient size and quantity are 
recommended to partially dewater the excavation.  Water would be pumped from the 
excavation into an infiltration area.  The infiltration area should be located on the floodplain 
to minimize the potential for overland flow back into the river and to prevent damage to 
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sensitive riparian and aquatic habitat.  Infiltration rates into the floodplain will be 
significant, and it is expected that only a minimum amount of turbid water pumped onto the 
floodplain will not be infiltrated.  If the infiltration capacity is exceeded, overland flow will 
be routed over existing vegetation to encourage suspended sediment deposition before 
flowing back to the river. 
 
For LWD placements and ELJs constructed in the active channel that do not require a 
significant quantity of excavation, turbidity control is not expected to be a significant issue.  
For structures not requiring excavation dewatering, turbidity control is also not anticipated 
to be required.   
 

8.4 General Earthwork 

Earthwork involves excavation, hauling, and backfilling of native materials, including 
streambed materials.  Earthwork associated with a majority of the LWD and ELJ structures 
will likely be in coarse gravel/cobble material with a variable sand and organic fraction.   
Generally, a majority of the excavation may be efficiently accomplished using a tracked 
excavator with an appropriately sized bucket.  A bucket with a thumb would be 
advantageous for working with larger sized material, including boulders.  Material hauling 
within the project area may be accomplished with a dump truck (standard or articulating 
depending on the condition of the haul route) or a front-end loader.  Generally, a majority of 
backfill could be efficiently accomplished using a tracked excavator.   
 

8.5 Armor Rock and Levee Removals  

Removal or armor rock and portions of levees will be carried out in a selective manner and 
under the direction of the Engineer in the areas shown on the Contract Drawings.  Armor 
rock that is removed from existing revetments or levees should be moved and placed at the 
outer edge of the low-lying floodplain in the areas shown on the Contract Drawings.  Any 
extra rock meeting the relevant specifications may also be used to ballast adjacent ELJs.  In 
selective removal areas, armor rock is to be removed from the area local to the structures 
without disturbing established riparian trees to the extent practicable unless otherwise 
directed by the Engineer.   
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In levee removal areas, the existing levees will be graded to an elevation near the 2-year 
return period water surface elevation as shown on the Contract Drawings.  Prior to 
excavation, a silt fence may be installed around the perimeter of the grading area to help 
delineate the extent, prevent damage to the surrounding riparian vegetation, and contain 
local sediment erosion during construction.  Large rocks excavated from levees should be 
stockpiled for re-use on the site per the guidelines described above.  If existing trees are 
removed, they may be stockpiled and used in other aspects of the project, if they meet the 
size requirements and specifications, or used during site decommissioning along access roads 
or disturbed areas.  Excavated levee material suitable for use as backfill in ELJs may also be 
stockpiled for re-use.  Other material excavated as part of the levee removal may be 
distributed across the floodplain in locations that minimize disturbance to mature riparian 
vegetation. 
 

8.6 Large Woody Debris 

Once the placement locations have been surveyed and, if required, field-adjusted by the 
Engineer (to allow for consideration of changes in existing conditions and locations of large 
trees), placement would begin at the location farthest from the staging area and progressively 
work toward the staging area.  Installation of LWD could be accomplished by using an 
excavator with a bucket equipped with a thumb (or a grapple) for log placement and a 
skidder (or similar machine) to ferry materials to the placement site.  Before construction 
begins, all necessary material would be staged in an area on the floodplain or gravel bar 
adjacent to each LWD location so that the materials are within reach of the excavator once it 
is in a position to build the LWD.  Some LWD types will require excavation for installation.  
If excavation extends below the water table, turbid water will be generated.  Any dewatering 
required for installation of the LWD will be carried out in accordance with the BMPs for 
water control (Section 8.3.4).  Each LWD placement will be completed before construction 
begins for another LWD placement, unless enough equipment is present to work 
concurrently. 
 

8.7 Engineered Log Jams 

Once the final locations for the ELJs have been surveyed and, if required, field-adjusted by 
the Engineer (to allow for consideration of changes in existing conditions and locations of 
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large trees), construction would begin at the location farthest from the staging area and 
progressively work toward the staging area.  All necessary material will be staged in an area 
on the floodplain or gravel bar adjacent to each ELJ location before construction of each 
structure such that the materials are in reach of the excavator once it is in a position to build 
the ELJ.  ELJs will be founded at the specified elevation to minimize undermining from scour 
after completion.  Construction will involve excavation of the footprint of the structure and 
subsequently backfilling the structure with the material excavated for the footprint.  All 
materials excavated for the placement of the ELJ will be used for backfill.  Minimal off-site 
disposal or redistribution of excavated materials is expected.  Once the initial logs are placed 
at the necessary elevation, the structure can be constructed rapidly.  Each ELJ will be 
completed before construction begins for another ELJ, unless enough equipment is present to 
work concurrently.  Construction of ELJs could be accomplished by using an excavator with 
a bucket equipped with a thumb (or a grapple) for the log placement and a skidder (or similar 
machine) to ferry materials to the placement site.  Because the ELJs will be constructed 
below the water table, turbid water will be generated.  Any dewatering required for 
installation of the ELJs will be carried out in accordance with the BMPs for water control 
(Section 8.3.4).  The contractor shall be responsible for dewatering the excavations and 
pumping water to a location suitable for natural infiltration that is approved by the Engineer 
and in compliance with any permits and regulations.   
 

8.8 Project Area Decommissioning 

The contractor will break down any equipment and clean any remaining areas that need 
decommissioning.  Water and sediment control structures will be left in place until all 
construction activities within the river have been completed and any temporary surface 
erosion control measures are in place.  Once construction is complete, these components will 
be broken down and removed by hand, and the rest of the project area will be 
decommissioned before leaving the project area.  Any temporary access routes and staging 
areas will be regraded to blend into the adjacent topography and then revegetated with a 
native seed mix to minimize erosion of materials disturbed during construction.   
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9 LIMITATIONS 

This report was prepared for the SRSRB for use in documenting design analysis for the 100% 
design phase of the PA-24 geomorphic and habitat improvements project.  Conditions within 
the project may change both spatially and with time and as additional scientific and 
engineering data may become available.  Significant changes in project area conditions or the 
available information may require reassessment of both existing and proposed project 
conditions.  Within the limitations of scope, schedule, and budget, Anchor QEA’s services 
have been executed in accordance with generally accepted scientific and engineering 
practices in this area at the time this report was prepared. 
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