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GENERAL 

 

This document and the associated drawings and attachments comprise the Engineering 
Appendix to the Mill Creek General Investigation Feasibility Study and Integrated Environmental 
Assessment.  This Draft Engineering Appendix presents and documents the feasibility level 
engineering and design to identify the Tentatively Selected Plan (TSP).  This document has been 
formatted following Engineer Regulation (ER) 1110-2-1150 Appendix C - Content of Engineering 
Appendix to Feasibility Report.  Several sections of ER 1110-2-1150 Appendix C are not 
applicable to this Study and are therefore not discussed. 

 

Major features of the Mill Creek Flood Control Project (MCFCP/Project) are a diversion dam and 
dike; Mill Creek channel improvements; the diversion intake structure and canal; an off-stream 
storage dam; a return channel; and an outlet canal.  Portions of the MCFCP such as the 
diversion and storage dams are monitored under the district dam safety program.  The National 
Inventory of Dams (NID) identification number is WA00348.  Oversight of the improved channel 
portion downstream of the diversion dam is under the district levee safety program.  The Left 
and Right Banks of the channel are listed under the National Levee Database (NLD) with system 
identification numbers of 6005000009 and 6005000010 for Left and Right Banks respectively.  
The levee sponsor, the Mill Creek Flood Control Zone District (MCFCZD), manages the operation 
and maintenance program for the non-federal portions of the channel, from downstream of the 
division works to the end of the project downstream of Gose Street Bridge.  Figure 1-1 below 
shows the pertinent features of the MCFCP. 

 
Figure 1-1.  General Features of the MCFCP
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SURVEYING, MAPPING, AND OTHER GEOSPATIAL REQUIREMENTS 

 

The MCFCP channel is approximately 7 miles long, includes both the Left (South) and Right 
(North) banks of Mill Creek, and is one continuous system as it weaves west through the City of 
Walla Walla.  The stabilized, or improved channel portion of the Project begins 500 feet 
downstream of the Gose Street Bridge and ends upstream at station 370+12, where the 
upstream end connects to the Diversion Dam.  See Table 2-1  for approximate stationing for 
each feature and Annex A for maps showing stationing and approximate locations of pertinent 
channel features.  Refer to main report Section 1.9.2.5 for additional details. 

Table 2-1.  Approximate Stationing of Pertinent Channel Features 
Feature Downstream 

Station 
Upstream Station Approx. Length 

(miles) 
Downstream Improved 
Channel  

6+00 108+00 1.9 

Concrete Lined Channel 108+00 217+00 
 

2.1 

Upstream Improved Channel  217+00 369+70 2.8 

 

To support this study, 29 Geographic Information System (GIS) map products were generated 
covering a variety of alternatives and sub-alternative variations.  Existing Light Detection and 
Ranging (LiDAR) data collected in 2010 and was used for elevations.  This data is referenced to 
North American Datum of 1983 (NAD83) Washington State Plane South for horizontal 
coordinates and North American Vertical Datum of 1988 (NAVD88) for elevations.  Typical 
levee, dam, and excavation cross sections were provided by geotechnical, structural, and 
hydraulic engineers to create three dimensional representations for the initial development of 
some of the structural measures (see main report Section 3.1).   

All elevations shown in this Appendix are referenced to National Geodetic Vertical Datum of 
1929 (NGVD29), unless otherwise stated as NAVD88.  The elevation conversion used in this 
report is NAVD88 = NGVD29 + 3.3 feet. 
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GEOTECHNICAL 

 

This section presents geotechnical considerations and analyses on reliability of existing features 
based on historical data and recent investigations, as well as documenting assumptions for the 
geotechnical design of proposed features.  The considerations consist of design for raising some 
reaches of existing channel levees and rehabilitation of several areas of the concrete channel to 
improve channel capacity and reliability. 

 

Design of the selected alternative will follow current Corps criteria for geotechnical design of 
the applicable structure(s) as well as for any additional investigations and testing.   

 

Site characterization data from previous studies is summarized below.  This summary is not a 
lengthy discussion of regional geology or the long history of investigations.  It is a focused 
summary to pull only the most significant information together to briefly describe the data used 
for evaluating the existing features and proposed structural measures.   

 Geologic Setting 

The Project is located within the Columbia Basin Physiographic Province (also referred to as the 
Columbia Plateau), near the boundary with the Blue Mountains province to the east and 
southeast.  The Columbia Basin extends to the north and west, and is bound to the north by the 
Okanogan Highlands and to the west by the Cascade Mountains.  The broad, relatively flat 
Columbia Plateau is formed from a thick sequence of flood basalts (the Miocene age Columbia 
River Basalt Group), and is contained within a structural and topographic depression.  
Sediments unconformably overlie the Miocene basalt throughout much of the south and 
central Columbia Plateau and constitute a formation commonly referred to as the Ringold 
Formation.  The Ringold Formation varies in composition from clays and silts to sands, gravels, 
and cobbles and can be unconsolidated to cemented.  Thicknesses vary from several feet to 
hundreds of feet.  Glaciations reached the northern edge of the Columbia Plateau during the 
Pleistocene Epoch.  Outwash-derived sediments were deposited over the Ringold Formation 
and other fluvial and glaciofluvial deposits across the Columbia Plateau during this time.  
Remnant loess (windblown silt) of middle to late Pleistocene age found in the east and 
southeast of Washington State is referred to as the Palouse Loess.  See Figure 3-1  below for 
generalized geologic cross-section. 
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Figure 3-1.  Cross-Section of the Mill Creek Alluvial Fan through College Place; from the 
Southeast (SE) to Northwest (NW)  
Note: modified from Derkey et al. 2006 

Local well records and project explorations near the stream channel indicate an inconsistent 
occurrence of the cemented materials.  The older gravels occur about 14 to 20 ft below the 
more recent alluvium laid down by the present stream and overlie bedrock consisting of 
Columbia River Basalt.  The most recent surface alluvium consists of a surficial layer of 2 to 10 ft 
of alluvial silt materials which overlies the more recent unconsolidated alluvial gravel and 
cobbles that form the streambed and banks and that were likely used in the construction of the 
diversion dike embankment, and the improved channel levees.  Where silt has generally filled in 
the void space between the gravels and cobbles, the result is a less pervious material.  The silt 
was not deposited in fast moving stream channels which have crisscrossed the river valley due 
to the braided nature of the stream channel.  This results in some zones of high permeability, 
particularly in the recent alluvium, where the water table rises and falls with the level of the 
stream.  

 Seismic Site Classification 

The 2014 update of the National Seismic Hazard Map Program (NSHMP) by the U.S. Geological 
Survey (USGS) (Petersen et al. 2014) provides consensus-based analyses of seismic hazard, 
using Central and Eastern United States (CEUS) seismic sources, Western United States (WUS) 
seismic sources, combined geologic/geodetic information, and revised ground-motion models.  
This report represents the most current assessment of seismic hazard for large regions of North 
America.  The levee system is located at latitude 46.076577º, longitude -118.272872º 
(coordinates of the division works near Sta. 321+00) in the western United States. 

The 2014 NSHMP seismic source model for the WUS considers both fault-based sources and 
seismicity-based background sources.  Fault-based models are dependent on a slip rate that is 
based on a dated offset feature or on multiple measurements of geodetic strain rates across 
the region.  The seismicity-based source model for the WUS assumes that future large 
earthquakes are more likely to nucleate near previous earthquakes with moment magnitude 
(Mw) greater than or equal to 3.5, as shown in Figure 3-2 . 
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Figure 3-2.  WUS Earthquakes with Mw ≥ 3.5 from 1850 to 2012  
Source: Petersen et al. 2014 

There were no seismic considerations in the original design, and no subsequent seismic 
evaluations have been performed.  Although no seismic research has been performed for the 
Mill Creek Levees, research has been performed for other components of the MCFCP, such as 
the upstream storage dam and diversion dam.  Seismic information acquired for the dams is 
relevant for the levees given the close proximity.  

The Geological and Seismological Review, Lower Snake River Dams, McNary and Mill Creek, 
(Corps 1982), used deterministic methodology to develop a maximum credible earthquake 
(MCE) for the MCP.  Results of the study indicate the Walla Walla Basin contains faults 
associated with the Wallula Fault System and the Hite Fault System.  Geologically recent 
faulting near Buroker and historic seismicity at College Place and State Line indicate this area to 
be a credible seismic source in the plateau.  Walla Walla Basin faulting is about 1.2 miles from 
the site of the MCFCP.  The study estimated the MCE for the MCFCP to be a magnitude 6.2 
event, based on epicenter distance of 1/2 the fault length of 9 miles.  The estimated peak 
ground acceleration (PGA) from this event is 0.5g.  
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Previous assessments (Corps 2018) determined that the foundation soils were not likely prone 
to liquefaction due to the dense, heterogeneous mixture of cobbles, gravels, silts and some 
sands.  Based on this review of available data, the levee’s foundation materials were judged to 
correspond to Site Class D, according to the National Earthquake Hazards Reduction Program 
(NEHRP) shown in Table 3-1 below. 

Table 3-1.  Site Classification  
Site Class Velocity  

(vs) 
Blow Counts  

(N or Nch) 
Shear Strength (su) 

A. Hard rock > 5,000 ft/s 
(> 1,500 m/s) N/A N/A 

B. Rock 2,500 to 5,000 ft/s 
(760 to 1,500 m/s) N/A N/A 

C. Very dense soil 
and soft rock 

1,200 to 2,500 ft/s 
(360 to 760 m/s) > 50 bpf > 2,000 psf 

(> 100 kPa) 

D. Stiff soil 600 to 1,200 ft/s 
(180 to 360 m/s) 15 to 50 bpf 1,000 to 2,000 psf 

(50 to 100 kPa) 

E. Soft clay soil < 600 ft/s 
(< 180 m/s) < 15 bpf < 1,000 psf 

(< 50 kPa) 
Note: adapted from Table 20.3-1 of ASCE/SEI 7-16 

 Seismic Hazard Curve 

A local (site-specific) probabilistic seismic hazard assessment (PSHA) has not been performed 
for this project.  The mean seismic hazard curve for the peak ground acceleration (PGA) and Site 
Class D was generated using the regional (USGS 2014) PSHA, as shown in Figure 3-3.  There is 
considerable uncertainty for an Annual Exceedence Probability (AEP) of less than 1/10,000.  The 
extrapolation of the mean hazard curve to remote AEP (i.e., less than 1/10,000 AEP) is shown as 
a dashed line in this figure.  The PGA corresponding to selected common values of return 
periods were interpolated from this mean hazard curve and are shown in Table 3-2. 
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Figure 3-3.  Seismic Hazard Curve for PGA, Site Class D  
Source: from USGS 2014 
 
Table 3-2.  Peak Horizontal Ground Acceleration Summary 

Return Period (years) PGA (g) 
100 0.03 
200 0.06 
500 0.11 

2,475 0.28 
10,000 0.51 

Source: USGS 2014 

 

Several geotechnical and geological investigations have been previously performed for the area 
and soils around the diversion dam and storage dam reservoir, as well as on the soils used in 
construction of the dam.   

No new geotechnical explorations have been conducted for this study so far and very little 
information exists on levees downstream of the Division Works.  However, it is assumed that 
foundation conditions are similar based on the regional geology and historic construction 
photos.  Therefore, existing site data was utilized to develop reasonable estimates for this 
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study.  Three shallow borings drilled on the federal levees in 2012 show poorly graded gravel 
with sand and cobbles (GP) in the levee foundation.  Levee material at these locations show 
varying amounts of sandy silt (ML), organic silt (OL), sandy gravel (GP) and silty gravel with sand 
(GM).  

Gradation tests of borrow materials for the levee embankments were not likely not performed 
during construction as the levees were constructed with materials from the adjacent channel.  
However, some composite samples were obtained from test pits dug in 2016 at a few locations 
on the federal levees and were sent for laboratory testing.  Only a few tests were performed, 
such as gradation, Atterberg Limits, moisture content, and organic content.  Based on this 
limited data the levees appear to contain a higher percentage of fine sand and silt.  However, 
construction photos suggest there is a significant percentage of gravel and cobbles with some 
fines present in the levee foundation and river channel bottom (see Figure 3-4).  No additional 
laboratory testing of samples has been performed for this study.   

 
Figure 3-4.  Construction Photo Showing Trench Excavation for Revetment along Left Bank of 
Mill Creek, Looking Upstream   
Note:  Date of photo 30 March 1936 

 

As part of the characterization for geotechnical analyses, estimated soil properties were 
compiled.  The soil properties used in the various study analyses were derived from a range of 
typical values in published engineering resources as well as from existing testing data of 
explorations conducted in the general vicinity of the levees and diversion dam as described in 
Section 3.4 above.  Soil properties used in this study are summarized in Table 3-3.  These values 
can be refined for future design efforts if more site specific information is obtained.  

For the levee stability analysis, the total unit weight was used for materials both above and 
below the phreatic surface, in accordance with Engineer Manual (EM) 1110-2-1902.  Due to the 
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mostly granular composition of the soils and lack of strength testing data, cohesion was 
assumed to be negligible. 

Table 3-3.  Soil Properties Used in Analyses 
Soil Property1 Levee Foundation Wall Backfill 

Total Unit Weight, γ (pcf) 120 128 128 
Drained Friction Angle, Φ’ (deg) 30 34 34 
Cohesion, c (psf) 0 0 0 
Estimated Horizontal Hydraulic 
Conductivity, kH (ft/sec) 

6.28x10-4 1.09x10-3 1.09x10-3 

 

The improved channel portions of Mill Creek consist of a trapezoidal section of varying bottom 
width having wirebound gravel-revetted levees and concrete capped stabilizers across the 
gravel channel bottom.  Levee embankments have a top width of 6 to 13 feet and side slopes of 
2H:1V.  In more developed bank areas, the wirebound gravel banks are steepened to form a 
gabion sidewall having a riverside slope of 1H:2.8V.  Existing channel improvements end at the 
Gose Street Bridge, and the unimproved natural channel extends about 5 miles further 
downstream to its confluence with the Walla Walla River. 

 Mill Creek Levee Extension 

This levee extension is located on the right bank (or north side) of Mill Creek upstream of the 
diversion dike, which is an appurtenant structure to the diversion dam.  Refer to Section 1.9.2.1 
of the main report and Annex A of this appendix.  

Levee screening was completed in 2014 and subsequent annual inspections confirm this levee 
is in good condition and is well maintained by the MCFCZD. 

 Channel Stabilizers 

Refer to the H&H Appendix A, Section 6 for the assessment on the channel stabilizers.  

 Gabion Revetments 

When originally constructed, slope protection on the river side of the levees was a system with 
a full-length tied-wire gabion slope mattress connected to a 2-foot wide, 3-foot tall gabion 
“fascine” at the toe (Figure 3-5).  Cross-channel stabilizer structures, as described in Appendix 
A, Section 6, were constructed between the fascines at intervals on the order of 70 to 120 feet.  
In subsequent decades, steel corrosion and channel erosion (down cutting) caused gabion 
failures and rehabilitation efforts began in the early 1950s.  
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Figure 3-5.  Cross Section View of Wire Mesh (Gabion) Revetment along Levee Slope 

Service life of galvanized wire mesh is roughly 60 years.  It is expected that areas of exposed 
wire bound revetment will likely continue to degrade and fail over the next 55 years.  Based on 
minimum weight of revetment stone of 25 lbs, as specified in the 1940 solicitation for 
construction, instability would begin to occur at an average channel velocity of 10 feet per 
second if the wire mesh breaks or is compromised during a flood event.  This was obtained 
from the stone stability chart in EM 1110-2-1601.  However, channel rehabilitation completed 
in 1986 also added a full-length riprap toe revetment, providing corrosion resistant erosion 
protection along the zone of the levee where the water surface would cause accelerated 
corrosion of the wire mesh fascine and slope mattress (Figure 3-6).  Class A riprap stone, which 
is 20 inches wide on average, was placed at the toe of the levee embankment, covering the 
fascine and rising two feet up the slope of the embankment.  When observed during routine 
inspections, the MCFCZD also makes repairs to areas of broken wire mesh along the slopes and 
gabion walls. 



Mill Creek General Investigation Feasibility Study and Environmental Assessment Report – DRAFT 
Appendix B, Engineering 

B-3-9 

 
Figure 3-6.  Additional Riprap Placed at Levee Toe from 1980s Rehab Work 

Gabion structures were also constructed in 1980s along the riverside on the top the right bank 
downstream of Tausick Bridge (Figure 3-7).  This structure was constructed to ensure freeboard 
during a flood event.  Further downstream, between Wilbur Avenue and Roosevelt Street, the 
landside ground surface is higher than the existing gabion wall, therefore failure of a gabion 
wall section along here would likely lead to localized scour but no inundation. 

 
Figure 3-7.  Gabion Baskets Placed on Top of Right Bank, Looking Upstream 

 Performance during the 1996 Flood 

Since completion of the full-length rehabilitation in the 1980s, Mill Creek has only experienced 
flows above 3,500-cfs once, which was the 1996 flood.  While the observed performance was 
described as excellent, no scour survey or channel bed condition survey was conducted after 
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the 1996 flood.  Scour damage to the riprap aprons was also not investigated.  All of the 
stabilizers survived the flood event, apparently without significant displacement.  However, 
there were more significant repairs needed at a few locations:   

• The right bank levee riverside slope was eroded for several hundred feet immediately 
downstream of the diversion dam.  This was repaired by construction of a full-height 
riprap revetment.  It is not certain if the original construction wire bound slope mattress 
was damaged or removed.  There is a possibility that the material seen on the slope of 
the levee was actually debris and sediment that was washed down from upstream of 
the diversion dam and was not the result of the levee slope eroding.   

• Erosion occurred along the upstream end of the left bank concrete channel where the 
water surface was above the top of the concrete approach wall and caused erosion of 
the back yard area of a residence upstream of Roosevelt Street.  This was repaired by 
construction of a mechanically stabilized earth (MSE) wall in 1998.  It provided a 
concrete block face to the channel and construction involved filling the area behind the 
wall. 

 Subsequent Maintenance and Repairs 

The MCFCZD and the Mill Creek Project staff have maintained the channel well over the years.  
Due to the primarily urban setting of this channel, there continues to be issues with woody 
vegetation, encroachments, and a lack of access for maintenance and flood fighting.  These 
items are typically documented during the annual inspections and are addressed by the 
MCFCZD and Project staff as resources allow.  Repairs of damaged stabilizer where occasional 
concrete failures expose the interior gabion mesh and cobbles are typically addressed quickly.  
The known repairs are limited to 5- to 15-ft lengths of stabilizer (see Figure 3-8).  Areas of 
erosion downstream of the stabilizers are more difficult to evaluate due to water flow and 
depth, so a comprehensive condition survey has yet to be performed.  Improved access for 
maintenance and flood fighting can be addressed under project rehabilitation of the concrete 
channel (see Section 5.2 below).  

In 2015 and 2016, the Corps initiated a two-phased project on both the left and right banks of 
the federal levees to remove landside trees, regrade slopes using available on-site soils, and 
establish levee slopes that can be maintained more effectively (see Figure 3-9).  The history of 
essentially forested levee slopes and the recently cut trees left a significant volume of woody 
matter in the soils and the earthwork included a significant grubbing effort to remove the root 
wads.  Most of the final slopes were graded to 4H:1V to facilitate mowing, with a few areas 
graded at 3H:1V due to restrictions such as real estate boundaries or existing structures. 
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Figure 3-8.  2015 Repair Photos Provided by the MCFCZD Show Damaged Stabilizer Cap and 
Subsequent Repairs to Re-establish top of Stabilizer 
 

 
Figure 3-9.  Left Bank Levee Slope Cleared of Stumps and Woody Vegetation  

 

Deficiencies of the diversion dam and dike, intake headworks and channel, and off-stream 
storage dam are evaluated by the district’s dam safety program and repairs are made under 
federal operations and maintenance (O&M).  These portions of the MCFCP are considered to be 
in good condition with only minor O&M recommendations.  No further reliability assessments 
were made under this GI study as any future deficiencies that may arise on the dams will be 
addressed under the dam safety program. 
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In 2016, an Existing Condition Risk Assessment (ECRA) was completed to include both dams, as 
the operation of one impacts the other.  Based on the results of the ECRA, the Mill Creek 
Project was recommended to be categorized as low incremental risk because the combination 
of life, economic, or environmental consequences with probability of failure is low to very low, 
and the dams may not meet all essential USACE guidelines.   

 

The Mill Creek levees were mostly constructed over 80 years ago in conjunction with the 
diversion dam and Bennington Lake storage reservoir.  While there is information available on 
the pre-site conditions, construction methods and materials, various repair efforts and 
rehabilitations that have occurred in regards to the diversion dam and storage reservoir, limited 
information is available for the levees themselves, especially the non-federal portion of the 
levees.  Some components of the flood risk reduction project existed before the authorized 
federal project was constructed.  Therefore, as part of this study, a reliability analysis was 
performed on the levees to help inform future without project conditions.  The publication 
Factors of Safety and Reliability in Geotechnical Engineering by J. Michael Duncan, 1999, was 
used as a general guide for this analysis. 

A reliability analysis is a parametric study that quantifies the influence of varying levee material 
properties and geometry on the factor of safety (FS) for a particular failure mode (e.g. slope 
stability).  Statistical methods are used to determine a probability of failure for a given set of 
levee material properties and geometries.  Reliability analyses were conducted for a reference 
section to determine the probability of failure for slope stability failure modes using several 
flood loading conditions.  Probability of failure (Pf) is one minus the reliability.  The probability 
of failure versus water loading relationships for the representative levee section was then used 
to develop a fragility curve for the levee section analyzed.  The upper bound, when probability 
of failure equals 1, is assumed to occur when the water level is 0.5 feet above top of levee 
(TOL), which is the threshold for failure due to overtopping.  The lower bound is when 
probability of failure equals 0 (no load condition).  This is consistent to what has been used in 
past risk assessments for levees. 

 Levee Slope Stability Analysis 

The main portion of the levee reliability is to perform slope stability analyses to evaluate the 
landside slope stability of the levee embankment for various loading conditions.  See Figure 
3-10 for typical leveed channel section.  Based on a review of levee construction history, past 
performance, subsurface conditions, and the results of previous studies, an analysis cross 
section was developed to characterize a “worst case” scenario for developing a fragility curve 
for use in determining economic damages due to breach.  Levee crest, channel bottom, and 
water surface elevations for each load case were provided by H&H from current hydraulic 
modeling and LiDAR (Light Detection and Ranging) data.  One section was developed for the left 
bank side of the non-federal levees upstream of the bridge at Tausick Way at approximate 
station 293+25 (see Figure 3-11).  The top of levee (TOL) on the left bank is lower than the right 
bank by about 1.2 feet so the left bank was considered the controlling case at this location.   



Mill Creek General Investigation Feasibility Study and Environmental Assessment Report – DRAFT 
Appendix B, Engineering 

B-3-13 

The stability of the landward levee slope was evaluated using the computer program SLOPE/W 
2019.  SLOPE/W is a two dimensional limit equilibrium stability analysis software program 
developed by GEO-SLOPE International, Ltd. (2012b).  Spencer’s Method was used for stability 
analysis and is a two-dimensional limit equilibrium method of analysis that satisfies all 
conditions of equilibrium (moment and force).  Analyses of different loading conditions were 
performed on the representative cross-section shown in the SLOPE/W model (see Annex C for 
results).  Annual chance exceedance (ACE) and water surface elevations for each flood flow 
(loading) was provided by H&H.  The model uses the current geometry for a silt with sand and 
gravel levee prism atop a gravel with silt and sand foundation.  Slip surfaces were specified to 
be at least 3 ft deep at one point along the slip surface as it is assumed that shallower slides 
would not cause failure and could be readily addressed by the project maintenance personnel.  
Estimated soil properties used for this analysis are shown in Table 3-3, above.  Due to having 
predominantly non-cohesive, granular soils within the levee and foundation, rapid drawdown 
analyses were not performed.   

 
Figure 3-10.  Typical Levee Cross Section 
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Figure 3-11.  Approximate Location of Analyzed Levee Section (red line) 

Gabion revetment mattress was neglected as it only exists on waterside slope and does not 
affect the stability results. Because the levees have occasional vehicle traffic for inspections and 
maintenance, a vehicle surcharge of 250 psf was applied on the levee crest for each applicable 
load case in the analysis. 

Using the estimated soil properties (see Table 3-3, above) as the most likely value (MLV), 
estimated maximum and minimum values were used to determine the standard deviation for 
each soil property as described in Duncan, 1999.  Levee geometries were varied by likely 
maximum and minimum values to account for uncertainty in the different levee reaches along 
the channel.  Varied levee parameters include crest width and height.  Summary tables of 
analysis parameters are shown in Annex C of this appendix.  The analysis was then performed 
with each of the soil properties (unit weight and friction angle) at one standard deviation above 
the most likely value (MLV), at the MLV, and at one standard deviation below MLV while all 
other variables remained constant.  Then in the analysis, soil properties were held constant at 
the MLV and the levee section was analyzed for the maximum and minimum for each levee 
geometry parameter (crest width and height).  The resulting range of factors of safety for each 
variation was used to determine the reliability index for each load condition.   
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Figure 3-12.  Fragility Curve for Left Bank Levee Section at Station 292+25.  
Note: failure due to overtopping occurs at about 6,000 cfs at this location. 

Annex C of this Appendix shows the results of the stability analysis for each load case.  These 
results were used to develop the fragility curve for this levee section for existing conditions as 
well as for the proposed measures (Figure 3-12).   

The non-federal levees are expected to perform well based on existing condition and past 
performance.  The primary potential failure mode of the levees is overtopping.  Therefore, 
based on available data, there are some reaches of levee that lack height to meet criteria to 
pass up to a  3,700 cfs 1-percent chance flood and be certifiable for the National Flood 
Insurance Program (see also H&H Appendix A, Section 3.3.2).  The federal levees are expected 
to perform better due to having a wider crest as well as 3H:1V to 4H:1V landside slopes. 

 Levee Seepage Analysis 

It is believed that dragline excavators and gasoline powered cable-shovels were used for levee 
construction and the levees were constructed with materials from the adjacent channel.  It is 
also believed that excavation and placement would have routinely resulted in sufficient mixing 
to ensure relatively low permeability.  Settlement, cracking, depressions, and repairs to address 
these issues are not documented in available project records.  This is consistent with 
expectations that the fine-grained soils are well compacted and should have relatively low 
permeabilities.  Therefore, detailed seepage analyses were not performed for the existing 
levees.    

It should be noted that for the steady-state seepage condition to fully develop, the river stage 
would need to remain at the same level for a long period of time.  In general, some of the 
levees may be vulnerable to internal erosion once steady state conditions develop, but 
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permeabilities are low, and flood durations are not long.  Furthermore, the height of the levees 
is generally not substantial enough to generate sufficiently high differential heads through the 
embankment to allow for initiation and progression of concentrated leak erosion or other 
internal erosion mechanisms. 

 Levee Settlement Analysis 

There is no history of significant static settlement over the current life span of the MCFCP 
levees.  Based on previous annual inspections, there has been no indication of distress related 
to settlement.  The levee system embankment and foundation soils consist of silts, gravels, and 
sandy gravels, and the expected rate of settlement for these soil types would be rapid and 
would have occurred mostly during or immediately after construction.  Minimal continued 
settlement is anticipated along these levees given they are more than 80 years old.   

 Levee Seismic Analysis 

Due to the relatively low heights, wide cross-section, and low liquefaction potential, the levees 
were not analyzed for seismic loading.  Foundation materials consist of a dense, heterogeneous 
mixture of cobbles, gravels, silts, and some sands that are not likely prone to liquefaction.  
Although there is some uncertainty due to lack of foundation data, if a seismic event was large 
enough to cause deformation to the levees, they could be repaired quickly if inspected right 
after the event occurred.  There is also a very high unlikelihood of a large seismic event (ACE 
1/10,000) occurring during a large flood event (ACE 1/200). 

 

The current TSP includes a combination of structural measures such as a levee raise of up to 1.5 
feet, and some areas of concrete channel rehabilitation.  For the proposed measures, 
geotechnical considerations are discussed below.  Refer to the main report, Section 4, for 
overall details of the TSP. 

 Raise Existing Channel Levees 

The current TSP estimates the some reaches of levee will need to be raised by a maximum of 
1.5 feet in order to meet the 3,700 cfs 1-percent chance flood criteria for the National Flood 
Insurance Program.  This will also allow for an increase in flow conveyance capacity through the 
leveed areas, which improves operational flexibility.  Figure 3-13 shows a typical section for 
levee raise.  Drawings in Annex B show areas where raising levees may be required.  Levee 
heights were estimated from previous LiDAR survey information, with the “worst case” height 
being used at each reach for the analysis (see H&H Appendix A, Section 3.3.2).  As models are 
updated and refined during this study, the locations and required heights for the levee raise will 
change.   

Very little excavation, other than clearing and grubbing is anticipated for raising the existing 
channel levees.  For levees with smaller required raises, additional road gravel or asphalt 
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concrete pavement will be used to meet criteria.  Some additional riprap may be necessary 
above the existing rip rap toe to address displaced or missing stone.  Currently it is assumed 
that the existing wire bound slope revetment and gabion walls will not need to be extended or 
modified under this proposal plan. 

 
Figure 3-13.  Typical Section of Proposed Levee Raise 

A 1V on 2H slope is generally accepted as the steepest slope that can easily be constructed and 
ensure stability of any riprap layers (EM 1110-2-1913).  To provide access for normal 
maintenance operations and flood fighting operations, minimum crown widths of 10 to 12 ft 
are commonly used.  These widths are about the minimum feasible for construction using 
modern heavy earthmoving equipment and should always be used for safety concerns (EM 
1110-2-1913).  Stability analysis of a levee section, located at station 100+10 (left bank), with 
the new width and height was performed to check that a minimum stability FS of 1.3 can be 
met with existing 2H:1V landside slopes and an average height increase of 0.7 feet (see Figures 
C-29 and C-30 in Annex C). 

The available as-built drawings show that the existing levees meet these recommendations for 
1V on 2H side slopes, but will be verified during design.  Field verification will also be needed 
for 10 ft crown width but it is likely the most of the existing levees already have this due to 
some past widening efforts.  If there are areas that do not meet the minimum 10 ft-width, they 
will be widened during the levee raise.  However, consideration will be given to allow a 
minimum 8-ft crest width where clearances or improvements will not permit the wider section, 
if this situation is encountered. 

There are potential onsite borrow sources within the Project boundaries near Bennington Lake, 
but gradation and other index testing will need to be performed as a minimum to confirm the 
material is suitable for the levee raise.  Local commercial sources can also be used to supply the 
material needed for the levee raise if necessary.  
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 Excavation of Bennington Lake Reservoir 

Additional excavation of the existing storage dam reservoir (Bennington Lake) was determined 
to be a feasible measure to allow for an increase in storage for flood operations above 
conservation pool at elevation 1,205 ft but was excluded from the current TSP due to significant 
costs for material disposal (see main report Section 3.1.8).  

Excavation in Bennington Lake would be expected to produce mainly fine-grained silt materials, 
sandy gravels, and cobbles.  There is potential for re-use of this excavated material for use in 
raising the levees or for wall backfill.  Further investigation of excavated material would be 
necessary to confirm the material is satisfactory for use as levee embankment fill or wall 
backfill.  Due to past agricultural history of the area, it is assumed that the excavated material is 
not contaminated, so special handling and off-site disposal would not be required.   

No specific disposal areas have been identified at this time as this measure is not included in 
the current TSP.  It is assumed that the disposal areas would mostly be located off-site due to 
the lack of available real estate within the Project boundaries.  Therefore, a higher disposal cost 
is anticipated due to the need to haul the majority of the material several miles to off-site 
disposal areas.  However, the local sponsor could also elect to take some suitable material for 
use in other projects.  Other options could include the local landfill, which could use some 
material for capping, as well as nearby private landowners.  It is also assumed that existing 
routes are available and are adequately upgraded and maintained.  Economic feasibility of truck 
hauling is also dependent on the following considerations: 

• Haul distance to all disposal areas. 

• State highway and safety regulations, which cover a variety of elements (such as gross 
weights of trucks and weight per axle). 

• Emission and noise standards. 

• Local ordinances designating truck routes. 

• Weight limits on bridges. 

 Setback Levees 

Refer to main report Section 3.1.3.1 for discussion on the setback levees.  It is assumed that if 
this measure is added later that the new setback levees would consist of similar material and 
cross section as the existing levees. 
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ENVIRONMENTAL ENGINEERING 

Environmental objectives and requirements described herein will be fulfilled by adopting and 
enforcing prudent and reasonable measures to avoid impacts and by the completion of 
measures described in the main report for this study.  Only applicable sections are described 
below.  

 

There is little opportunity to incorporate renewable materials in this project.  The majority of 
the work will consist of raising certain reaches of existing channel levees and rehabbing 
portions of the concrete channel.  One of the major construction materials will be concrete, 
while not considered to be renewable, it could be composed of recycled concrete. 

 

The levee land side slopes will be mostly vegetated utilizing a grass and wildflower seed mix.  
For the concrete channel portion, feasible modifications to the low flow channel will be 
considered during the final design to improve fish passage. 

 

Refer to main report Section 5. 

 

It is anticipated that very little spoil material will be generated under the proposed plan, 
therefore, no significant beneficial use of spoil was evaluated.  Although minor quantities are 
anticipated, some of the spoil material can be reused as fill material on other projects within 
and around the city and county.  The plan for disposal of spoil material will avoid and minimize 
adverse environmental impact to the maximum extent practicable.  

 

Due to the scope and nature of this flood risk management project, there are no feasibly 
obtainable energy saving features available. 

 

Refer to main report Section 5. 

 

Environmental sensitivity will be incorporated into the design and construction of the project to 
the maximum extent practicable. 
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Any issues or concerns noted in the Environmental Review Guide for Operations (ERGO) will be 
addressed through the Environmental Assessment in the main report.   

Construction activities for concrete channel rehabilitation, and improved channel levee raising 
will cause minor vegetation loss and temporarily increased water turbidity.  Turbidity and 
impacts to aquatic habitat will be minimized by timing construction during summer low flows. 
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CIVIL DESIGN 

 

In order to find a solution for flood risk management, various channel alignments and new sites 
were evaluated to determine the available measures (see main report Section 3).  The current 
TSP does not require new alignments of the channel or any relocation of facilities. 

 

During construction the contractor will be required to construct access as needed to perform 
rehabilitation work on the concrete channel.  Some of the access ramps can be made 
permanent so that the MCFCZD can use them for improved access into the channel for future 
maintenance and emergency operations.    

The MCFCZP and USACE identified the following locations for potential permanent access 
points below.  See also Plate B-11 in Annex B for additional details. 

Upstream of concrete channel 

• Francis Ave near station 221+50: construct a concrete ramp with gate where the existing 
gravel ramp is located; provide a crossing in the near vicinity unless access is provided 
on both the north and south sides of the channel. 

• Construct a concrete ramp on the south side of the channel between Wilbur and 
Roosevelt, off of Hobson Street (in lieu of crossing, above). 

Along concrete channel 

• Upstream of Division Street along the right bank at Wildwood Park between stations 
195+00 and 201+00. The wall is low and a section could be cut out for constructing a 
ramp and bulkhead into the channel.  

• Fourth Avenue Bridge near station 128+00: If this bridge is removed and not replaced, 
this may provide a good location for access; construct a concrete ramp and bulkhead 
and provide a crossing in the near vicinity unless access is provided on both the north 
and south sides of the channel. 

Downstream of concrete channel 

• Washington Park near station 107+00: similar to the Francis Ave location, construct a 
concrete ramp with gate along end of concrete wall; provide a crossing in the near 
vicinity unless access is provided on both the north and south sides of the channel. 
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Other potential locations for consideration are listed below: 

• On the left bank just upstream of Park Street, near station 165+00. There is a 6 foot high 
channel wall which could be cut out and a ramp built down into the channel.  This 
location was recently used for temporary access for a Tri-State Steelheaders fish 
passage project. 

• End of Blue Street on the right bank downstream of Roosevelt St near station 209+00. 

• End of Marcus Street near First Congregational Church at station 160+25: construct a 
concrete ramp and bulkhead and provide a crossing in the near vicinity unless access is 
provided on both the north and south sides of the channel.  Due to limited clearance 
along a residential street, this location will likely not be considered due to potential high 
construction and real estate cost. 

 

This project will require the acquisition of real estate in order to raise some of the levees as well 
as for rehabilitating the concrete channel and constructing access ramps.  Because some levees 
are being raised and extended landward, up to 5 feet landward of the existing toe of levee may 
need to be acquired to incorporate the raised levee footprint. 

 

For the TSP, existing sanitary sewer, potable water, gas, electric and telephone lines will have to 
be located to determine if they will be impacted. Utilities located in the vicinity of the project 
will be identified by using GIS files provided by Walla Walla County. In general, if utilities have 
to be relocated, quantities will reflect an in-kind replacement, meaning that the same size and 
type of material would be utilized in the relocation of a utility to accommodate the proposed 
channel rehabilitation work. 
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STRUCTURAL 

 

This study of the Mill Creek concrete channel walls is to determine the reliability of the channel 
walls, mainly for the duration of the study life assumed to be 50 years.  The second part of the 
study is to provide rehab recommendations to keep the walls performing satisfactorily for the 
next 50 years.  The majority of the concrete channel is at least 80 years old.  The age of those 
portions of the channel flood walls constructed using a combination of stone, mortar, and 
concrete, as well as building foundations, are unknown but are likely significantly older.  Per 
discussions with building owners, some of the masonry walls were likely constructed as early as 
1899.   

There are very few design and construction details available for the channel as it was 
constructed by multiple entities over a significant period of time.  Based on a walk through 
inspection of the channel, the walls of the channel are generally in satisfactory or good 
condition. The channel has been reliable even during significant events such as the 1996 floods.  
There are some areas with cracking and deterioration that should be addressed, and these have 
been highlighted in the recommended rehab areas (Annex B, Plates B-1 thru B-4).  There are 
also some locations where drain piping through the walls has been damaged and settled, 
leaving the walls susceptible to becoming surcharged from drainage (see Figure 6-7).  MCFCZD 
has been doing regular maintenance to keep the channel in operating condition. 

Many localized repairs have been completed at various locations along the channel some as 
recent as 2012 near 6th Avenue.  As the channel ages, the level of required maintenance will 
increase.  There are some areas where the walls appeared to have rotated into the channel, in 
some cases as much as several inches.  These areas that have noted rotations do not appear to 
have experienced any notable recent movements.  One location along the left bank between 
Otis and Merriam Streets is currently being monitored for wall movements (see Figure 6-8 for 
current survey information).  The study has focused on the channel walls and not as much on 
the channel covering as the top of the covered portions of the channel are outside of the main 
flood protection channel.  However, some of the covered areas in poor condition have been 
considered a possible initiator to a failure of the system.  A failure of one of these areas during 
a significant flood event could lead to debris blocking the channel and subsequent out-of-bank 
flooding and inundation.   

The concrete channel has been very reliable with few known failures occurring in the channel 
during its history.  The main one was in December 1946, which resulted in wall failure at the 
Clinton Street Bridge (Figure 6-1), due mainly to scour and undermining.  Corps of Engineers 
memorandum documentation dated December 17, 1946, stated that several channel wall 
sections at other locations were also damaged from the event.  Following the failure, a 
significant amount of underpinning was completed in the concrete channel to help prevent a 
reoccurrence of the event.  Figure 6-2 shows an example of underpinning that was completed.  
In addition to the underpinning, a concrete channel floor was added in 1948 which further 
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helped stabilize the existing channel walls.  The limited number of failures is likely due to the 
fact that there have been relatively few high flow flood events and the continued maintenance 
that has been performed over the years.   

Figures 6-2 through 6-5 are examples of channel wall cross section drawings that have been 
found looking through County records.  These cross sections, along with drawings from the 
1948 channel rehab and DM7, were the main source of information for the analysis of the 
channel and determining the worst case or governing conditions.  The bridges across the 
channel (such as the one shown in Figure 6-1) are monitored and maintained by the City or the 
County and they were not determined to be a likely cause for failures in the channel leading to 
flooding. 

Based on inspections of the building basements, the masonry walls are typically very thick, 
approximately 2 ft thick at the top with assumed thicknesses of 3 ft or more at the base.  The 
masonry walls in many locations are the foundation walls for the downtown buildings.  These 
masonry walls are only located in the covered portion of the channel.  Typically, they are in 
good condition; the mortar is sound and hard, and appears to have good bond strength to the 
stones.  No signs of settlement or movements to these walls were noted during the inspections.  
Based on discussions with building owners in the areas where these walls form basements, 
there has been no report of leakage through these walls into the adjacent basements.  These 
walls are also braced at the top with channel bridges or building floors.  The building bridges 
above the masonry walls provide a significant vertical force on the walls that provide a 
stabilizing force for the walls.  Based on these findings and the inspections, the masonry walls 
are not assumed to be a failure location for the channel. 
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Figure 6-1.  Clinton St. Wall Failure December of 1946  
Note: Approximately 300 ft of Wall Was replaced. 



Mill Creek General Investigation Feasibility Study and Environmental Assessment Report – DRAFT 
Appendix B, Engineering 

B-6-4 

 
Figure 6-2.  Typical Wall Cross Section Drawing Showing Wall Underpinning  
Note: This drawing indicates two wall types Type 1: Lightly reinforced T-wall cross section shown on the left.  The 
note to the right of the T-wall indicates the “general condition is poor for carrying additional weight.”  Type 2: 
Mass concrete or gravity wall typical cross section shown on the right. 
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Figure 6-3.  Reinforced T-Wall Division Wall  
Note: the location where this cross section is applicable is not shown; it is assumed to be typical of several 
locations. 
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Figure 6-4.  Reinforced T-Wall 
Note: the location where this cross section is applicable is not shown; it is assumed to be typical of several 
locations. 
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 Uncertainty Analysis 

For structures not meeting deterministic strength and stability criterion, a risk and uncertainty 
analysis was performed.  A Taylor Series Method (TSM) of analysis was used in the calculation 
of structural risk and uncertainty.  The TSM is appropriate when data is normally distributed, 
when parameters display a linear relationship, and when degradation over time is not a 
consideration.  Because of the limited availability of data and with no information to suggest 
otherwise, an assumption of normal distributions for input data is reasonable and consistent 
with guidance provided in ETL 1110-2-547 (paragraph B-6.c). No safety factors were used in the 
analysis of the walls. 

6.2.1.1 Risk Calculations Existing Structures 

• For strength calculations, uncertainty is measured by applying a mean and standard 
deviation to the concrete and steel strengths.  The selected mean and normal standard 
deviation are based on engineering judgment and information published in Reliability 
Based Design in Civil Engineering by Milton E. Harr.    

• For stability calculations, uncertainty is considered by applying a mean and standard 
deviation to the soil unit weight and shear strength, and is based on values provided by 
the geotechnical engineers working on the study.   

• Failure is defined as the capacity to demand ratio (factor of safety) less than 1.0, or in 
other words, when the demand (loads) exceed the capacity (structural or geotechnical). 

6.2.1.2 Material Properties 

Based on age of the concrete and the fact that no design data was available some typical 
strengths of concrete for that time frame were assumed.  The American Concrete Institute 
recommended the use of a 3,000 psi concrete strength around the 1940’s and 1950’s, the 
typical timeframe of construction for most of the levee structures in these feasibility studies.  
For earlier concrete strengths, little information exists.  It is currently assumed that 2000 psi 
concrete strengths are appropriate.  If additional research information is discovered, this value 
will be updated.  Based on FEMA 310, the mean strength (or expected strength) for Risk and 
Uncertainty calculations shall be taken as 125% of the design strength.  For reinforced concrete 
structures, Harr suggests a 14% standard deviation (Harr 1987).  Based on dated photos the 
walls were existing in the 1930’s some drawings that were found for bridges dating back to 
1920s show the walls to be existing.  For the this study it was assumed that the strength of the 
concrete would be in line with the 2,000 psi min based on the 1900’s-1920’s. 

• Concrete Strength Variation  

• 1940’s-1950’s:  -σ = 3225, µ = 3750, +σ = 4275 (3000 psi min)  

• 1900’s-1920’s: -σ = 2150, µ = 2500, +σ = 2850 (2000 psi min) 
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 Rehab Criteria 

All design work for rehabilitation of the channel will be based on the below referenced edition 
of the codes, or most current editions of the following codes. 

ACI 318-14, Building Code Requirements for Structural Concrete  

ACI 350-06, Code Requirements for Environmental Engineering Structures and Commentary  

ACI 350.4R-04, Design Considerations for Environmental Engineering Concrete Structures  

ASCE 7-16, Minimum Design Loads for Buildings and Other Structures  

AWS D1.1, 2015 Structural Steel Welding Code  

AWS D1.6, 2017 Structural Welding Code Stainless Steel  

EM 1110-2-2104, Strength Design for Reinforced Concrete Structures  

EM1110-2-2502, Retaining and Flood Walls  

IBC 2018 International Building Code  

Table 6-1.  Engineering Properties of Construction Materials  
Properties 

All Cast-in-Place Structures 
New concrete touching or containing water  f’c=5,000 psi 
Modulus of elasticity (E) 3,600,000 psi 
Poisson’s ratio 0.2 

Steel Reinforcement: 
ASTM A615 Grade 60  fy=60,000 psi 

Structural Steel and Connectors: 
ASTM A36 (carbon steel: angles, plates, bars) fy=36,000 psi 
ASTM A500 Grade B (carbon steel: round hss) fy=42,000 psi 
ASTM A992 (carbon steel: w sections) fy=50,000 psi 
ASTM A53 Grade B (carbon steel: pipe) fy=35,000 psi 
ASTM A108 (carbon steel: shear stud 
connectors) 

fu=65,000 psi 

ASTM A325 (carbon steel: high strength 
structural bolts) 

fu=120,000 psi 

ASTM A240 (stainless steel) fy=30,000 psi 
ASTM A276 (stainless steel) 

fy =30,000 psi to 45,000 psi depending on 
type selected 

ASTM = American Society for Testing Materials.  
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f’c = Specified compressive strength of concrete.  
fy = Specified yield strength.  
fu = Specified ultimate strength.  

6.2.2.1 Geotechnical Data  

Data for foundations and soil properties are detailed in section 3.5. 

6.2.2.2 Seismic design  

Seismic design will be based on site classifications and accelerations from Site Characterization 
Section 3.3 of this appendix 

 

Two different approaches were used to analyze the channel walls for reliability, wall stability 
and wall structural failure.  Outside of the covered portion of the channel, there are two types 
of cantilever walls, T-walls and mass gravity walls.  T-walls must be stabilized by the footing 
below grade, and mass gravity walls by a mass of concrete.  The first step in the analysis was to 
look at stability of the walls for different loading events.  In general, when the channel is full of 
water during a flood event, the water pressures will be pushing outward on the walls and 
loading them into the soil behind them.  Water loads in the channel would typically not lead to 
any instability of the walls or failure due to shear or bending. The hydraulic loading of the walls 
from inside the channel is not a controlling load.  There are a few locations where the walls 
border building basements; these areas are mainly near the downtown covered portion of the 
channel.  In these few areas the water loads from a high flow event directly apply bending and 
shear loads to the walls.  However in these areas the walls are stabilized at the top by the 
channel cover.  There are also vertical stabilizing forces from the weight of the walls and floors 
above. 

The typical controlling load for the cantilever channel walls is the result of a surcharge behind 
the walls from a saturated soil condition.  This surcharge would be the result of a high flow 
event in the channel that could surcharge the soil by leaking through cracks or penetrations 
through the walls.  Assuming the water level in the channel could drop relatively fast, the 
saturated soil would surcharge the wall leading to a wall failure.  For this analysis, it was 
assumed that the surcharge water elevation behind the wall was the same as the high water 
elevation from the flood event. 

The stability of several wall sections was analyzed using CTWAL, a CASE (Computer Aided 
Structural Engineering) program produced by the U.S. Army Engineer Research and 
Development Center to analyze the stability of T-Walls.  The analysis is based on criteria from 
EM 1110-2-2502.  Based on these stability checks, the walls were not meeting current stability 
requirements even for normal load cases with no additional surcharges from either water or 
additional live loads.  These stability checks were based on assumptions for the footing base 
widths.  Since the stability analysis is highly sensitive to parameters such as the width of the 
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base, and there is very little information to verify the dimensions, it makes the stability analysis 
susceptible to a significant error. 

Another modeling approach beyond the standard T-wall or gravity wall stability calculations 
was to model the walls with the floor acting as a horizontal support at the base of the cantilever 
wall see Annex B, Plate B-9 for a graphic of the structural model.  This was the model that was 
chosen to look at the wall failures.  Since the walls are continuously braced by the floor, the 
failure modes were assumed to be failure in bending or shear at the base of the wall next to the 
top of the floor (See Figure 6.5). 

The wall analysis was performed with different water elevations in the channel, resulting from 
flood events with flows of 3,000 cfs to 5,400 cfs.  These values were used since the water 
profiles were available for those flows from DM7.  Because the failure of a channel wall is based 
on a surcharge from a drawdown of a flood event, it would require a multiple peak flood event 
for failure to occur.  The first high flow peak could be the failure initiator, followed by a second 
peak which would lead to flooding out of the channel with a blockage. 

The seismic loading of the walls was not evaluated for this study.  This study is focused on flood 
loadings.  The likelihood of a seismic event occurring within same time as a short duration flood 
event is extremely low and can be ignored.  

 Fragility Curve Development 

Because the capacity of the concrete channel is about 5,400 cfs and the channel is below grade, 
it was determined by the hydraulics design branch that after a wall failure, a blockage of 50 
percent would be required to get a significant amount of flow out of the channel in an event 
around 3,000 cfs or more.  It was assumed that a typical wall failure could result in a portion of 
the wall failing that could be 50 – 100 ft in length.  After a failure of a portion of the wall, a 
second peak of water flowing through the channel would be partially blocked by the failed 
portion of the wall in the channel.  The likelihood of a wall failure progressing to a flood event is 
not something that can be calculated.  To determine this probability of wall failure to progress 
to a 50 percent blockage, the process of expert elicitation was used.  The value for this 
progression to occur was originally assumed to be 0.01 by the expert elicitation team.  Based on 
further discussions with the team and some additional team members, the original failure 
progression probability was revised from 0.01 to 0.20.  This reflects more discussion about the 
likelihood of addition debris from trees near the possible failure location, providing a higher 
likelihood of a blockage at the Otis Street Bridge.  The clearance under the bridge could also 
increase the likelihood of a blockage. 

Summary of assumptions for the wall analysis: 

• Loading-Water elevation profiles that were used were based on DM7 and later adjusted 
per the most recent hydraulic modeling for the specific worst case areas. 
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• Thickness of the walls was estimated based on the available cross section drawings.  In 
areas that appeared to be mass concrete the assumed wall thickness at the point of 
failure was assumed to be 18 to 36 inches. 

• Width of the base footings was not used for the final analysis since stability was not 
assumed to control with the walls being braced by the channel floor. 

• Strength of the concrete was assumed to be 2,500 psi with a range of standard 
deviation of 350 psi. 

• Reinforcement in the walls is minimal to none in some locations. A check of the 
minimally reinforced section indicated that the strength of the reinforcement in 
bending, was less than the strength of the plain concrete.  Strength calculations for wall 
bending and shear were based on plain concrete strengths using ACI-318 2005 

• Height and the depths of the footings and channel floor, including underpinning, were 
based on the 1948 drawings.  

• Active soil pressures where used for the analysis of the walls.  Typically for concrete 
walls at rest pressures would have been used based on the stiffness of the wall.  Based 
on the movements that appear to have occurred in the past, likely in part to the 
excavation below the walls during underpinning, and inadequate base widths for the 
footings, active pressures appear to be more likely.  

 
Figure 6-5.  Wall Failure Sketch 
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Figure 6-6.  Wall Upstream of Otis Street 
Note: Notice previously added tiebacks to the wall. (See also Figure 6-8 for measurements of wall movements in 
this area.) 
 

 
Figure 6-7.  Broken Drain behind the Wall Left Bank Downstream of Otis Street Bridge 
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Figure 6-8.  Wall Monitoring between Otis Street and Merriam Street 

 
 

 
Figure 6-9.  Fragility Curve for a Channel Wall Failure Upstream of Otis Street Bridge 

 

During the channel inspection in the downtown area under the Die Brucke building it was noted 
that the center wall supporting the floor of the building above is actually composed of a series 
of pipe columns.  These columns are not attached to the header beam above, and it is not 
known if the columns have any embedment into the concrete below. See Figures 6-10 through 
6-12. There is evidence that they are only bearing on the concrete below (see the list of findings 
below).  This center wall is in a curved portion of the channel, which leads to the main concern 
about the column support system.  During high flow events, the water velocities were 
calculated to be up to 22 ft/s.  The high flow velocity going around the corner in the channel 
leads to a significant super elevation of the flows in the channel.  The super elevated water 
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applies a pressure on the wood wall due to the differential head.  There is also a thrust 
component to this pressure due to turning or redirecting of the flow around the corner.  The 
radius of the curve becomes smaller on the downstream end of the wall, increasing the loading 
in that range.  For analysis, it was assumed that the only connection between the pipe columns 
and the concrete below was due to the friction between the concrete and the steel column.  
The capacity of the friction to resist the horizontal force is based on the vertical load on the 
columns from the floor above, and in some cases, the second floor and the roof.  No drawings 
of the building above have been available for this analysis to help validate the loads on each 
one of these columns. 

For this failure analysis, estimates were made for the floor loads in the building.  High and low 
estimates were made to establish a variable range to calculate a probability of the capacity of 
the friction between the concrete and the pipe, failing to resist the demand of the horizontal 
pressure loads.  The load cases shown below were developed from water surface elevations 
from the DM7 seen in Figure 6-11 for the 3,000 cfs, 4,500 cfs, and 5,400 cfs flow events.  There 
is not a revised hydraulic model to validate the hydraulic conditions of this area in the channel.  
Therefore, it was recommended by hydraulic design that these flow conditions be used.  The 
analysis does not consider any potential impact debris loads that could also be added to the 
hydraulic loads on this center wall.  A lot of assumptions would have to be made to add debris 
impact such as the size of the debris, and how it was be applied to the wall.  The hydraulic 
conditions can be readily calculated with some degree of certainty. See Annex B, Plate B-10 for 
a summary of loading diagrams for this failure. 

It is also assumed that there would not need to be any additional failure probability added into 
the fragility curves to go from a failure to a blockage of the channel.  In other words a failure 
probability of the pipe columns can be multiplied directly to economic consequences of a 90 
percent channel blockage, resulting in the channel flows backing up and exiting the channel 
upstream at the Colville street area.  Also it is assumed that the failure of any of the pipe 
columns supporting the floor of the building above could lead to a significant failure of the 
building.  

Pipe column wall inspection findings: 

• The pipe columns are 5 inch Double-Extra Strong pipe with 0.8 inch wall thickness based 
on one exposed column end.  

• There are 15 pipe columns approximately 6.33 ft tall. 

• Spacing of the pipe columns range from 8.85 ft to 10.7 ft. 

• The top bearing plate is not welded to the top of the pipe column.  The bearing plates 
are 1 inch thick.  

• There is a wood spacer block and wood header beam on top of steel columns and 
bearing plates.  Some of the wood spacer blocks have experienced significant crushing 
and deformation due to the load on top of the columns. 
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• Bottom condition of the column connection to the concrete footing below is not known.  
One column on the most upstream end of the column wall is not bearing on the 
concrete at least on one edge.  Based on this condition it is assumed that the rest of the 
columns are likely only in bearing on the concrete. 

• 2x12 wood planks on either side of pipe columns form a wall between the columns.  
Based on reaching into the void between the planks it appears to be filled with loose 
gravel.  It is possible there is a small amount of cement in some areas. 

• Ultrasonic thickness gauge was used unsuccessfully to measure the pipe wall thickness. 

 

 
Figure 6-10.  Top Column Bearing Plate, No Welds or Bolts Connecting the Column to the Base 
Plate 
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Figure 6-11.  Pipe Column Center Wall 
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Figure 6-12.  Center Wall Column Wood Plank Connections 
 
 
Table 6-2.  Left Super Elevation Depth from Top of Right Wall per DM7 Drawing for Varying 
Channel Flows 

Flow (cfs) Depth (ft) 
5,400 2.08 
4,500 2.67 
3,000 3.58 
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Figure 6-13.  Flow Profiles from DM7 
 
 
 

 
Figure 6-14.  Fragility Curve for the Center Wall Pipe Column Failure 
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Ceiling spans of the covered portion of the concrete channel section have significant 
deterioration in two locations.  These one of these locations at Station 135+00 is located in a 
parking lot.  The area has been previously condemned for use and is fenced off.  The second 
area is located at station 138+00 and is behind the Pantorium Building.  This area is also blocked 
off to prevent parking on the ceiling span.  These areas were noted in the Sargent 2016 
engineering report as needing replacement or rehabilitation.  It was assumed for this analysis 
that the initiation of failure at these locations could come from high water flows inducing 
vibrations, or from the water itself impacting the bottom of the ceiling during high flows.  With 
the ceiling spans failed, the wall in that area of the channel would no longer be supported 
laterally.  The walls in that area could also be damaged from the ceiling failure.  The cantilever 
wall model that was used to analysis the walls for failure in other locations from a water 
surcharge from water getting behind the walls was used for this location.  The fragility curve 
was developed from the wall model.  The probability of failure for the station 135+00 location 
was used for this failure mode as it was slightly higher than the curve for the station 138+00 
location.  Also a failure of the ceiling at the 135+00 location leading to a blockage would also 
likely affect the 138+00 location.  Using expert elicitation It was assumed very unlikely that the 
debris as a result of the covering collapse would block the channel, however if a blockage 
occurs it could create a worst case up to a 90 percent blockage.  The 90 percent blockage of the 
channel in the covered portion would lead to the same hydraulic consequences as the center 
wall pipe column failure.   

 

 
Figure 6-15.  Channel Ceiling Condition Station 135+00 
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Figure 6-15.  Channel Ceiling Condition Station 138+00 
 

 
Figure 6-16.  Fragility Curve for the Channel Ceiling Failure 
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For a summary of the recommended concrete channel rehabilitation see Section 3.1.3 in the 
main report, and Annex B Plates B-1 to B-8. Based on the cost of the rehab as listed in 3.1.3 the 
scope of the rehab was refined down to the most critical areas for the TSP, the reduced rehab is 
described in Section 3.1.9 of the main report. Based on analysis and past performance, there 
will be failures that will occur in the areas that will not be rehabbed in the TSP in the next 50 
years.  It is assumed that these failures will be localized failures that could occur but likely not 
lead to substantial consequences from channel blockage and flooding. 
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Additional Requirements 

 

There are several locations where nearby water springs flow into the channel through cracks 
and joints in the concrete as well as from drains through the walls.  Dewatering pumps will be 
required in the low flow channel to pump and lower the water a minimum of one foot below 
the work area.  Past efforts to capture this water has been challenging as the water seeps into 
the work area from these flowing spring sources and lowering the local groundwater doesn’t 
improve conditions.  Temporary diversion of the channel flow around work areas will also be 
required.  

 

An Emergency Action Plan (EAP) with inundation maps exists for the diversion and storage 
dams and is routinely updated by USACE under the Dam Safety Program.  The MCFCZD has 
emergency response procedures for their area of responsibility which are coordinated with 
County Emergency Management and USACE under the Levee Safety Program. 

 

The sponsor (MCFCZD), in coordination with USACE, will continue to be responsible for annually 
traversing the entire length of the channel and inspecting the condition of the non-federal 
portion of the channel stabilizers, slope protection, levees, and concrete structures as well as 
addressing identified maintenance and repair needs.  USACE will continue its current 
responsibilities for the federal O&M portion of the Project. 

 

This project is located within the city of Walla Walla and in most cases it will be feasible to use 
the existing public city streets for transportation of miscellaneous construction equipment and 
hauling of excavated material, debris and construction materials.  

 

Coatings and/or cathodic protection will be included in the design as required for materials 
which are installed in the soil. 

 

A summary of the recommended plan costs is provided in Section 4.1.1 of the main report. 

 

This schedule for this study is provided in Section 4.2.2 of the main report.  
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As-built and other project related drawings referenced are provided in Annex A.  Current TSP 
concept drawings are shown in Annex B. 

 

During the feasibility study, electronic data was compiled and maintained in project folders on 
the server for each discipline involved.  This data is backed up regularly by USACE’s data 
manager (ACE-IT).   

 

The data used to produce the H&H models were all done in English units.  Converting these 
data and drawings from English to Metric would have created additional work effort for the 
design team resulting in unnecessary schedule delays and labor costs. 
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