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INTRODUCTION 

This report presents the basis for the 60% design of the White River at Countyline Levee 

Setback Project proposed by King County in the cities of Pacific and Sumner and in 

unincorporated Pierce County. The project site is located on the left (east) bank of the White 

River between river mile (RM) 5.00 and RM 6.33, which corresponds to the 8th Street E and 

A Street SE bridges, respectively. The Countyline project provides significant flood protection 

and salmon habitat benefits by reconnecting the river channel to its floodplain. By providing 

increased area for flood flows, the Countyline project will significantly reduce the level of 

flood risk to over 200 residential and commercial properties located in the City of Pacific. The 

project design accounts for the continued sediment aggradation occurring in this reach of the 

White River, a very sediment-rich river originating from the glaciers of Mount Rainier. After 

15 years following construction, the flood protection benefits of the Countyline project are 

estimated to reduce flood risks for more than 700 residential and 26 commercial properties in 

King County. 

The Countyline Levee Setback project includes the following design elements: 

 Removing most of an existing levee 

 Constructing a setback levee 

 Constructing engineered log structures (ELSs) including a biorevetment structure 

(hereafter referred to as the biorevetment) adjacent to the setback levee to prevent 

migration of the river toward the setback levee 

 Constructing several engineered logjams (ELJs) within the setback floodplain area and 

at selected locations in conjunction with the biorevetment to encourage complex flow 

patterns and to enhance aquatic habitat 

 Restoring a riparian buffer by planting native shrubs and trees between the setback 

levee and the biorevetment 

The goals and objectives of the project are as follows: 

 Goal 1: Restore riverine processes and functions to the lower White River and its 

floodplain within the project area (inside the proposed levees) in order to enhance 

salmonid rearing habitat, in particular for spring and fall Chinook, coho, and 

steelhead. 

o Objective 1.1: Allow natural channel movement within the project area by 

removing and setting back the existing levee along the left bank. 

o Objective 1.2: Encourage the formation of off-channel rearing habitat (pool 

complexes and side-channels), through installation and future natural recruitment 
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of large wood, that will promote the return of the complexity, diversity, and 

morphology found in an unconstrained floodplain. 

o Objective 1.3: Provide off-channel flood refuge for salmonids by allowing a more 

natural frequency of inundation of the floodplain complex during flood events 

within the project boundaries. 

o Objective 1.4: Protect existing mature riparian buffer areas, and restore a 

corridor of mature riparian vegetation within the project boundaries to provide 

shoreline and stream channel shading, invertebrate prey supply, and large wood 

recruitment. 

 Goal 2: Prevent an increase in flood and geomorphic hazards outside of the project 

area from this restoration project and, if possible, reduce existing hazards. 

o Objective 2.1: Design the project to ensure flood and geomorphic hazards (on 

private property and associated with public infrastructure) outside of the project 

area do not increase due to the project. 

o Objective 2.2: Increase flood storage along the length of the project, which 

will also have a net benefit on flood elevations in the immediate vicinity of the 

project, particularly the right bank. 

o Objective 2.3: Avoid or minimize the need for sediment management actions. 

 Goal 3: Design and construct a project that best meets the project goals and 

objectives using the most cost-effective means. 

o Objective 3.1: Evaluate individual and collective project components based on 

cost-effectiveness, and whether they achieve the goals and objectives for salmonid 

habitat (primarily) and flood hazards. 

o Objective 3.2: Avoid or minimize the need for remedial actions (habitat 

restoration or construction to avoid or repair damage to public facilities) by 

incorporating self-sustaining habitat restoration and flood hazard reduction 

components in the design. 

o Objective 3.3: Work with adjacent landowners to negotiate acquisitions or 

conservation easements. 

o Objective 3.4: Work with all stakeholders, including the City of Pacific, City of 

Sumner, Pierce County, Washington Department of Fish and Wildlife (WDFW), the 

Puyallup Tribe of Indians, and the Muckleshoot Indian Tribe throughout project 

development to foster project support and a clear understanding of any needs or 

issues. 

This report includes summaries of various technical assessments and analyses completed in 

support of the project. More detailed information on most of these topics is presented in 

appendices. Specifically, this report includes summaries of the following: 
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1. Existing site conditions influencing the proposed project configuration and design, 

including geologic, geotechnical, geomorphic, hydraulic, and habitat conditions 

2. Constraints and opportunities with regard to flood hazards, habitat, wood recruitment, 

public safety, constructability, and costs 

3. Project concept alternatives that were developed and evaluated, and the basis for 

selection of the preferred alternative for design advancement 

4. Hydraulic modeling of proposed project conditions and comparison to existing 

conditions, and associated analysis of expected changes to existing flood hazards 

5. Expected geomorphic responses in the river channel and floodplain following 

construction of the proposed project 

6. Engineering analyses that define the design details for the setback levee, 

biorevetment, and ELJs that best meet the project goals and objectives 
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EXISTING CONDITIONS 

The existing land use in the project area and the limits of the proposed project are shown 

in Figure 1. The project site parallels the White River for a distance of about 1.33 miles 

between the A Street SE and 8th Street E bridges. Land use within and immediately adjacent 

to the project site is mostly wetlands and other open space, with one residential property 

located toward the northeast side of the site, agricultural fields on the east side of the 

site, and light industrial operations bordering the south side of the site. Over half of the 

agricultural land on the east side of the site has been zoned by the City of Sumner for light 

industrial uses, with a majority of this area currently undergoing development activities. 

The existing Countyline Levee and Revetment on the east (left, facing downstream) bank of 

the river channel at the project site is nearly 100 years old. These adjoining flood control 

features were constructed after the White River was channelized and permanently diverted 

away from the Green River and into the Stuck River channel, which then flows into the 

Puyallup River five miles downstream. The White River naturally carries a high sediment load 

and transports large volumes of gravel and cobbles as bedload due to its origin in glaciers 

of Mount Rainier and due to the relatively steep gradient of the channel from its headwaters 

to the project site area. The project site is located within a reach of the river where 

suspended sediments and bedload transported from upstream deposit in the channel and the 

adjacent floodplain. The Stuck River channel at and near the site area was dredged 

repeatedly to contain White River flows in the decades that followed the diversion of flow 

from entering the Green River. Since dredging practices ceased in the 1980s, the river has 

continued to aggrade, reducing its flood flow conveyance capacity between the banks. Flows 

now overtop the levee on the left bank near the county line (at river mile [RM] 5.5) when 

discharge reaches 3,500 cubic feet per second (cfs) (Figure 2), corresponding to a flow that 

typically occurs several times per year. Overtopping flows enter the lower part of the wetland 

in the historical floodplain and return to the main river channel over a low spot along the 

revetment access road (currently a constructed ford where a blocked culvert is located). 

The Countyline Levee does not meet current flood risk reduction standards and is eroding 

near the county boundary line. The lower (landward, southeastern) wetland edge, which is 

contained by an earthen berm constructed by private landowners after the January 2009 

flood, overtops when discharge reaches about 7,500 cfs, sending flows down 142nd Street 

and over Stewart Road SE (8th Street E). This corresponds to less than a 2-year recurrence 

(50% annual chance of exceedance) flow. As described in detail later in this report, hydraulic 

modeling of the 100-year flood event (15,500 cfs; the 1% annual chance of exceedance flow) 

with existing topography indicates that one-third of the total flow (about 5,000 cfs) would 

move through this area (i.e., along 142nd Street toward and over Stewart Road SE). This 

overbank flood hazard poses significant risks to Stewart Road SE, which is a local commercial 

and commuter corridor between State Route 167 and the Lakeland Hills development (in the 

City of Auburn) and Lake Tapps (in the City of Bonney Lake), as well as existing commercial   
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and industrial development and planned commercial and residential land uses on the south 

side of Stewart Road SE. 

The lower White River has been the subject of numerous studies carried out by King County 

and the US Geological Survey (USGS) to characterize historical and existing sediment 

deposition patterns. Monitoring of sediment deposition and changes in flood conveyance 

conducted by King County since 2001 and sediment load measurements conducted by the 

USGS in 2010 indicate that, on average, 22,000 cubic yards of sediment (approximately 

70 percent gravel and 30 percent sand) is deposited each year in the river channel between 

the A Street SE and 8th Street E bridges. Additionally, approximately 75 percent of the 

bedload passing beneath the A Street Bridge each year is deposited in the 1.33-mile project 

reach. Over the past 27 years, since river dredging operations ceased in the mid-1980s, 

the White River has aggraded an average of 5 feet within the project reach. The extensive 

aggradation has reduced the flood-carrying capacity of the channel in this reach by half since 

the mid-1980s and by two-thirds compared to the original 1914 channel design. 

Hydraulic model results indicate that without the Countyline project, the White River channel 

will fill with sediment at the King-Pierce County boundary line in approximately 15 years 

(assuming the same historical rate of sediment aggradation). Triggered by a channel plugged 

with sediment, the river would avulse through the path of least resistance, which includes 

the existing left bank levee, wetland, agricultural fields, and onto Stewart Road SE, a major 

traffic corridor located southeast of the project site. The property damage, threat to human 

safety and the lack of vehicular access due to closure of Stewart Road SE resulting from an 

avulsion would be significant. 

Geology, Soils, and Groundwater 

The valleys of the White and Green rivers are underlain by Late Pleistocene and Holocene 

alluvium deposited in a glacial trough scoured out by the Puget ice sheet (USGS 1995). Up 

until approximately 5,600 years ago, the coastline of Puget Sound extended inland to the 

present-day location of Auburn. The collapse of the Mount Rainier Summit approximately 

5,600 years ago released 3.8 cubic kilometers (0.91 cubic miles) of volcanic material that 

swept down the White River valley as a series of lahars (known as the Osceola mudflow) that 

reached present-day Port of Tacoma and Kent. Smaller, subsequent lahars generated from 

Mount Rainier, mass wasting debris, and alluvium supplied by the White River filled in the 

White River and Green River valleys to the Port of Tacoma and to Elliot Bay near Seattle, 

respectively. Sediments underlying the White and Green river valleys therefore include peat, 

mass wasting debris, mudflow sediments, and fluvial and deltaic sediments. 

The project area is located on the southern edge of the White River alluvial fan laid down 

over the past 5,000 years by the reworking of lahar sediment stored in the White River canyon 

and recent glacial sediments supplied by Mount Rainier. The alluvial fan formed as a result of 

sediment deposition at the abrupt reduction in channel slope that coincides with the former 

coastline of Puget Sound. The river in the project site area was known as the Stuck River, an 

overflow outlet distributary channel of the White River. Prior to the major flood in 1906, the 

bulk of the White River water and sediment exited the White River canyon at what is now 

approximately RM 8 and flowed north to join the Green River near Auburn (Appendix B). 
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During the 1906 flood, the main flow of the White River avulsed to the old Stuck River 

channel. The construction of the “Auburn Wall” in 1915 made the change permanent. 

Additional information on the historical characteristics of the Stuck River is contained in the 

Geomorphic Assessment, White River at Countyline Levee Setback Project provided in 

Appendix B. 

Alluvium found in the valley of the White River, designated as “Qal” on geologic maps, is a 

geologic unit considered to be an important aquifer. Few wells fully penetrate the Qal unit in 

the study area, so the thickness of the unit generally is not known. Near the steep slopes of 

each valley, Qal is interbedded with and sometimes overlain by mass-wasting debris (USGS 

1995). The liquefaction potential of the area is indicated as “moderate to high” in the most 

recent liquefaction susceptibility mapping (Palmer et al. 2004). 

Soils within the project site are sands, silts, and silty sands with layers of fine pervious sands 

in the subsurface. Groundwater was encountered in all of the borings drilled for this project, 

at depths ranging from 1.6 to 6 feet below the ground surface at the time of drilling (see 

Appendix H). Groundwater levels fluctuate in response to the seasons, rainfall levels, and 

water levels in the White River. Groundwater beneath the upstream portion of the setback 

levee area is influenced by the White River upstream of the project site through deeper 

pervious sand and gravel layers. Groundwater in the southern portion of the setback levee 

area is also influenced by flow through pervious layers in the alluvial fan and responds to 

the rise and fall of the river when the river overtops into the wetland and flows along the 

southern edge of the wetland. Groundwater levels in piezometers installed along the southern 

edge of the wetland have been measured higher than the ground surface. Standing water has 

been routinely observed in the agricultural area east of the site during non-rainy periods, 

further indicating that the shallow groundwater level is often at or near the ground surface in 

much of the project site. 

Geomorphology 

Appendix B summarizes the existing geomorphic conditions at the project site. Currently, 

the river is threatening to avulse through the left bank floodplain wetland near the county 

boundary line as a result of the mainstem channel aggrading to an extent that left bank 

overflow occurs with increasing frequency. This increases the risk of flows overtopping 

Stewart Road SE, and returning to the existing main channel near the former Sumner Meadows 

Golf Course. Under non-flood conditions, water in the left bank floodplain wetland returns 

to the river at the southwest edge of the project site (Figure 2), mostly as hyporheic flow. 

During flood conditions, as occurred in January 2009, water overtopped the low bank at the 

southeast corner of the wetland and flowed over Stewart Road SE. Ad hoc earthen berms have 

been placed by property owners to prevent further flow from exiting the wetland and flowing 

through fields to the southeast and across Stewart Road SE, though these small berms could 

overtop and are unlikely to withstand floodwaters during a large flood event. 

The potential avulsion would be triggered by ongoing sediment deposition in the river channel 

upstream, downstream, and within the project site. As detailed in Herrera (2010), the entire 

reach between A Street SE and 8th Street E has been aggrading significantly since dredging 
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stopped in the 1980s. For instance, up to 6 feet of deposition has occurred in the channel at 

the 8th Street E Bridge since the cessation of dredging in the 1980s (Appendix C). 

Overall aquatic habitat conditions are moderate to poor because the channel is confined 

by levees and revetments on both banks, particularly along the segment of the channel 

extending several thousand feet downstream of A Street SE. While large wood (LW) 

deposits onto gravel bars and remains within the main channel throughout the reach 

between A Street SE and 8th Street E, the confinement of the channel tends to flush most 

LW downstream during floods, with some of this wood accumulating on the 8th Street E 

Bridge piers and other in-channel obstructions downstream. 

Hydraulics 

The hydraulic modeling used to support engineering design of the Countyline project is 

different than other available hydraulic modeling completed for the purposes of flood studies 

prepared for the Federal Emergency Management Agency (FEMA) flood insurance program. 

The hydraulic modeling used to support engineering analyses and project design development 

utilized the topographic surface obtained from bathymetric survey and lidar collected by King 

County in 2011. When compared to the input data used in the King County (2009) Draft Flood 

Insurance Study prepared for FEMA purposes, this 2011 data reveals a large amount of recent 

in-channel sediment aggradation, which in some cases has raised the channel bed surface 

several feet higher. The modeling for the King County 2009 Draft Flood Insurance Study was 

based upon survey data collected in 2007 and 2008, but the hydraulic model of existing 

conditions used for Countyline project analysis and design purposes was calibrated to high 

water mark elevations from the January 2009 flood event. Because of reduced in-channel 

flow conveyance capacity due to the increased channel bed surface elevations, and because 

of the different hydraulic model types (described below), the estimated water surface 

elevations resulting from the project design modeling, presented and discussed herein, are 

generally higher (sometimes by several feet) in the project area and surrounding areas than 

those shown on the 2009 Draft Flood Insurance Study maps produced by King County. 

In addition to the differences associated with the 2011 topographic surface, the hydraulic 

model used for the Countyline project analysis and design (developed with the RiverFLO-2D 

software program) is a two-dimensional model capable of simulating flow throughout 

the floodplain with greater accuracy than the one-dimensional model created with the 

HEC-RAS software program for the King County (2009) Draft Flood Insurance Study. HEC-RAS 

can only simulate flow perpendicular to individual topographic cross-sections that are 

determined by the user and entered into the model. Two-dimensional modeling is a superior 

tool for assessing existing conditions at the project site because it explicitly calculates the 

relative amounts of flow in flow splits near the county boundary line and at other locations, 

particularly at the potential avulsion pathway over Stewart Road SE, east of the 8th Street E 

Bridge, rather than flow conditions at specific cross-section locations imposed by the model 

user. The one-dimensional HEC-RAS model is limited in its applicability to accurately simulate 

the dynamics of multiple split flows, whereas RiverFLO-2D can produce estimates of water 

surface elevations that more realistically portray these types of flow patterns through the 

duration of a simulated flood event. 
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A RiverFLO-2D model of existing site conditions was developed and refined several times 

(Appendix D). These updates included expanding the model domain, adding breaklines to 

resolve detailed topography and to properly simulate flow near critical points (such as over 

the left bank levee immediately downstream of the A Street Bridge and in the vicinity of 

Government Canal), and adding input data to define hydraulic structures (such as culverts) 

and buildings. 

The final existing conditions model simulation is summarized in Appendix E. The final 

hydraulic model simulation demonstrates that widespread flooding can occur under existing 

conditions, including large areas of developed land in the City of Pacific on the opposite 

(west) side of the river from the project site, without temporary flood-protection measures in 

place. Significant flooding is also predicted to occur over Stewart Road SE in the same general 

area as occurred in January 2009 (centered approximately 1,000 feet east of the 8th Street E 

Bridge). The model of the 100-year recurrence flood event indicates that extensive flooding 

would persist south of the project site over both banks of the river. On the right bank, the 

hydraulic connection of the river to Government Canal near the county boundary line allows 

flood waters to inundate areas along Butte Avenue. The downstream extent of this area is 

hydraulically disconnected from the river due to topographic barriers imposed by dredge spoil 

mounds east of Butte Avenue, the Union Pacific Railroad embankment to the west, and the 

8th Street E road prism to the south. Without a path for flow to return to the river, the 

depth of flooding is exacerbated in this area. On the left bank, flows overtopping the ad hoc 

earthen berm at the south end of the wetland in the 100-year flood event would inundate 

the area east of 142nd Avenue SE, cross Stewart Road SE, and return to the main channel 

near the meander at RM 4.4, approximately one-half mile downstream of the 8th Street E 

Bridge. Flooding over both banks is expected to be significantly higher in elevation and more 

extensive than what is shown in the 1987 FEMA Flood Insurance Rate Map (FIRM), which the 

City of Sumner uses for floodplain development regulation, and slightly higher than the water 

surface elevations estimated per the King County (2009) Draft Flood Insurance Study that the 

City of Pacific uses as best available flood data for floodplain development regulation. 

Fish and Wildlife Habitat 

Juvenile and adult anadromous and resident fish migrate through the mainstem White River 

during certain times of the year. Salmonid presence in the Lower White River include 

Chinook, coho, chum, sockeye, and pink salmon, steelhead and cutthroat trout, and bull 

trout. Levees and riprap revetments constructed on both banks of the river have shortened 

the river length, reduced access to side channels and floodplain wetlands, reduced the 

quality of riparian habitat for fish and other aquatic species, reduced the recruitment of 

large wood to the river, and altered the character of sediment transport and deposition. 

Consequently, aquatic habitat within the White River is simple and consists of fast water, 

with few pools or off-channel habitat for rearing. These conditions provide poor habitat for 

juvenile salmon, making the river less productive for many species at critical life stages. The 

loss of rearing habitat has been identified as the main limiting factor in the Lower White River 

(Kerwin 1999; Pierce County 2012). 

The project area also comprises a portion of the Pacific Flyway used by waterfowl and other 

migratory bird species. Wildlife observed or known to be on or near the project site at various 
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times throughout the year include hawks, great-blue heron, bald eagle, songbirds, belted 

kingfisher, merganser, dipper, beaver, otter, vole, mouse, salmon, trout, char, whitefish, 

sculpin, dace, Northwestern salamander (egg masses), long-toed salamander (egg masses), 

pacific tree frog, American bullfrog, and Northern red-legged frog (adult). 

Five wetlands and a small stream are present within the portion of the project area to 

be reconnected to the White River floodplain (wetlands A, B, C, D and E; and Stream A). 

Wetland A is a 0.16-acre riverine flow-through wetland extending along the upstream 

portion of the left bank. Vegetation consists mostly of red alder (Alnus rubra) and Sitka 

willow (Salix sitchensis). Wetland B is a 77-acre, mixed-class depressional outflow wetland 

that covers most of the low ground between the existing levee and adjacent agricultural 

lands. It contains palustrine forested, palustrine scrub-shrub, and palustrine open-water 

wetland classes. Black cottonwood (Populus trichocarpa) and red alder dominate the canopy, 

salmonberry (Rubus spectabilis) and red-osier dogwood (Cornus sericea) dominate the shrub 

layer, and grass dominates the herbaceous layer. Wetlands C, D, and E are small depressional 

wetlands located at the far north end of the forested area between the existing levee, 

the railroad, and a residential property. Stream A is a small (Type Np: non fish-bearing, 

perennial) stream that flows for about 600 lineal feet between Wetland B and Wetland C. 

Other tree, shrub, and emergent plant species present in the project area include Douglas-fir 

(Pseudotsuga menziesii), Western red cedar (Tsuga heterophylla), snowberry (Symphoricarpos 

alba), cattail (Typha latifolia), creeping buttercup (Ranunculus repens), skunk cabbage 

(Lysichiton americanus), Himalayan blackberry (Rubus discolor), and reed canarygrass 

(Phalaris arundinacea). 

The project site is heavily vegetated along the existing left bank levee and within the 

forested portions of the left bank floodplain wetlands. The Countyline Levee has prevented 

channel migration for nearly 100 years, allowing trees to mature on the banks of the levee 

and to persist in much of Wetland B. Sedimentation and persistent and increased frequency of 

ponding (caused by rising groundwater levels related to the sedimentation) in the deeper 

areas of the wetland has either prevented establishment of dense forest stands or has caused 

tree mortality. As a result, there are several snags (mostly cottonwood) at the downstream 

end of the wetland. 

Results of baseline project monitoring indicate that juvenile salmonids in the project reach 

choose side-channel and backwater habitat over fast-moving water bar and bank habitats. 

The proposed project will increase the amount of slow-water edge habitat significantly over 

the currently armored and channelized condition. 

Recreational Use 

The White River is used for several types of recreational activities in the project site vicinity 

including fishing, casual floating, canoeing, and kayaking. Recreational use in the Lower 

White River is relatively low compared to other King County rivers due to the cold water 

temperature, rocky substrate, and high turbidity of the glacially fed system. The project 

will change the course of the river through the project site, and as such will affect these 

recreational uses over time. A Public Safety Management Plan will be prepared by King 

County in accordance with the Department of Natural Resources and Parks policies and 
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procedures for capital improvement projects involving large wood placement. The plan will 

characterize existing public safety hazards and risks, the potential change in these risks as a 

result of the project, and how any new risks will be mitigated with adaptive management 

actions. The plan will also present a management approach that integrates coordination 

among multiple jurisdictions and regulatory agencies having roles and responsibilities along 

the White River. The plan will provide a framework for monitoring and adaptive management, 

and will be updated after construction to address any new public safety concerns as 

conditions change. 
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CONSTRAINTS AND OPPORTUNITIES 

Project constraints include various physical, economic, regulatory, public safety, and 

cultural issues that present potential barriers to achieving the project goals and objectives. 

Opportunities include features that would result in greater project benefits, eliminate a 

project constraint, or allow the project goals to be met within the identified constraints. The 

various constraints and opportunities identified for this project are described in the following 

sections. 

Constraints 

Project constraints limit the development, extent, and efficacy of the flood risk reduction 

and salmon recovery benefits that can be accomplished with the Countyline project, or else 

force a design change to accommodate the constraint. The effectiveness of the project in 

achieving its goals and objectives is limited by the constraints identified below. 

Physical (Habitat, Geomorphic, and Geologic) 

 The project area encompasses a large forested wetland in the area of a former 

channel that will likely be re-activated under proposed conditions. Construction of 

ELSs in the wetland will disturb portions of the wetland and will require the placement 

of permanent fill in the wetland within the footprint of the structures. To minimize 

wetland impacts, the construction access routes for the ELSs need to be constrained. 

The temporary wetland impacts will be mitigated by the off-channel habitat created 

by the project. 

 The large wetland encompasses several areas that are perennially inundated, while 

other areas have groundwater within 1 to 2 feet of the ground surface based on 

monitoring data collected by King County. Access into the wetland to construct the 

ELSs will be constrained by water levels and the extent of vegetation. Anchoring of 

the ELSs will be constrained by the characteristics of the alluvial soils underlying the 

wetland soils, with loose soils allowing pile driving, and dense, coarser substrate likely 

requiring pre-drilling for pile installation. 

 The project will eliminate overbank flow on the left bank floodplain and will route 

all flood water to the 8th Street E bridge crossing. Historical sediment deposition 

in the channel, sub-standard freeboard beneath the 8th Street E Bridge, floodplain 

development on both banks, and the Stewart Road SE/8th Street E road prism form an 

artificial constriction at the downstream extent of the project reach that complicates 

design efforts to minimize off-site flood impacts. 

Infrastructure, Property, and Public Safety 

 Hydraulic modeling results indicate that increased occurrence and depth of flooding 

cannot be avoided on private property located at the northeast area of the site, thus 

requiring acquisition of the affected property. 
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 The artificial constriction and sub-standard freeboard conditions at the 8th Street E 

Bridge cause hazardous conditions that are compounded by the potential for 

accumulations of large wood on the two in-water bridge piers, thereby resulting in 

flood risks under both existing and future conditions. Proximal and upstream wood 

recruitment, onsite wood accumulation, wood export from the project site, and 

resultant hazards at the 8th Street E Bridge evaluated by King County (2011) during 

design development indicate that wood flux at the bridge is likely to increase the first 

few years after construction, and then decrease below existing rates. The project 

should be designed to minimize wood export from the project site, and a plan for 

wood management at the bridge should be prepared to address any residual risks that 

exceed the existing risks at the bridge. 

 Private property bordering the east side of the site must be protected from flooding, 

bank erosion, and channel migration with the construction of the proposed setback 

levee and ELSs. In order to minimize wetland impacts, construction costs, and 

mitigation requirements, the proposed structures should be constructed outside of the 

wetland boundary to the extent possible. 

 The wetland is currently bordered by public and private property. Land rights needed 

for the project include property acquisition in fee and permanent easements for 

project construction and site management after construction, as well as temporary 

rights of entry for data collection before construction. 

 Coordination with numerous project stakeholders will be necessary for project 

success. Stakeholders include landowners, Pierce County, City of Pacific, City of 

Sumner, Muckleshoot Indian Tribe, Puyallup Tribe of Indians, Salmon Recovery 

Funding Board, recreational users, the Commencement Bay Natural Resource Damage 

Assessment & Restoration Program Trustees, and local, state, and federal permitting 

agencies. 

 Project planning will need to consider river recreational use, and King County will 

need to prepare a Public Safety Management Plan as described above to monitor and 

manage public safety hazards and risks. Project planning will also need to follow 

established King County procedures and be compliant with all regulatory requirements 

for considering public safety when placing large wood or modifying any naturally 

occurring wood in King County rivers. 

Project Funding, Schedule, Permitting, and Regulatory Issues 

 The construction cost for the 60% design of the Countyline project is currently 

estimated to be $9,600,000 (2013 dollars), including tax and 15 percent contingency. 

This amount does not include the estimated costs for any necessary property 

acquisitions or construction management and inspection. 

 The setback levee and biorevetment must be in place prior to the removal of 

the existing levee and onset of the first ensuing flood season. Construction of the 

setback levee and biorevetment is estimated to require approximately 3 to 6 months 

depending on work production rates and the allowable construction timing for in-



 

February 2014 

Basis of Design Report – White River at Countyline Levee Setback Project 17 

water work dictated by project permits. As a result, two separate construction 

phases (carried out over two summer construction seasons) will be necessary: 

one to construct the setback levee and biorevetment, and one to remove the 

existing levee. Construction of ELJs in the wetland can be completed during either 

construction period. 

 Several local, state, and federal permits and regulatory approvals will be required for 

the project. Review times for permit applications may affect the project construction 

schedule. The following permits and approvals may be necessary: 

o Permits and approvals at the local level are required from the cities of Sumner 

and Pacific and from Pierce County. Such permits may include a Floodplain 

Development Permit, Shoreline Permit, Clearing and Grading Permit, Critical Areas 

review, and compliance with compensatory storage requirements for fill placed in 

the floodplain in relation to the setback levee. 

o At the state level, a Hydraulic Project Approval (HPA) will be necessary from 

WDFW for work waterward of the ordinary high water mark (OHWM) of the river 

and wetlands. The Washington State Department of Ecology (Ecology) will require 

a Clean Water Act Section 401 Water Quality Certification for work occurring in 

wetlands. In addition, a National Pollutant Discharge Elimination System (NPDES) 

permit will be required by Ecology because there will be more than 1 acre of earth 

disturbance associated with construction activity. An Aquatic Use Authorization 

from the Washington Department of Natural Resources (WDNR) will not be 

necessary for work along the shores of the White River because the river is not 

within WDNR jurisdiction. 

o At the federal level, a Clean Water Act Section 404 Permit from the US Army Corps 

of Engineers (USACE) is required for work waterward of the OHWM of the river and 

within regulated wetlands. Necessary approvals associated with the USACE permit 

include compliance with the Endangered Species Act (ESA) and Section 106 of the 

National Historic Preservation Act (NHPA). 

o A Conditional Letter of Map Revision (CLOMR) will be required from FEMA due to 

modifications of the area of the site that will be inundated in a 100-year flood 

event as compared with the FEMA Flood Insurance Rate Map that is published for 

the site area. FEMA is updating the Levee Analysis and Mapping Procedure (LAMP) 

for non-accredited levees and is not reviewing CLOMR applications at the time of 

this writing. King County will work with FEMA, the Washington State Department of 

Ecology, Pierce County, and the cities of Pacific and Sumner to update the Flood 

Insurance Rate Maps when the LAMP is finalized. 

Opportunities 

Multiple opportunities were identified during design development as integral to achieving the 

project goals and objectives within the constraints summarized above. 
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 Large ELJs can be positioned within the wetland in locations where a channel is 

anticipated to form, thereby providing opportunities for long-term accumulations and 

storage of naturally-occurring large wood. Following removal of the existing levee, a 

channel avulsion into the wetland may occur at several locations; therefore, these ELJ 

types can be designed and positioned to allow flow to impinge upon the structure from 

a range of angles and to encourage formation of side channels. These ELJ types can 

also be placed to deflect flow away from the setback levee and to split flows near the 

downstream end of the project. These hydraulic effects will dissipate energy as the 

flow re-enters the existing White River channel. 

 Removal of the existing levee alone (without constructing ELJs in the wetland) will 

provide salmonids access to the off-channel habitat within the wetland and accomplish 

several of King County’s habitat objectives. Disturbances and costs associated with ELJ 

construction in the wetland can be reduced by installing a lesser number of ELJs than 

originally conceived, with ELJs only sited in select locations to maintain or reduce 

geomorphic hazards due to the project. These ELJs will also provide additional fish 

habitat and meet King County’s habitat objectives for the project. 

 The constructability of ELJs within the wetland can be improved if water levels can be 

lowered to within a foot or two above the ground surface prior to construction. The 

water surface elevations of the river and wetland during the proposed construction 

period need to be compared to assess the influence of groundwater seepage and to 

determine the feasibility of this proposal. Regardless of when the ELJs in the wetland 

are built, removal of the downstream portion of the existing levee and construction of 

the wetland outlet channel will naturally allow water to flow from the wetland back 

into the White River when water levels in the river are lower than in the wetland, 

thereby lowering water levels in the wetland during construction. Therefore, 

sequencing of structure construction, levee removal, and some lowering of surface 

water levels in the wetland can be planned to improve the log structure 

constructability and to minimize structure costs and temporary wetland habitat 

impacts. 

 Removing a large portion of the existing levee and establishing access to ELJ 

construction sites in the wetland will require removing a large quantity of trees and 

shrubs. Some of this woody material can be incorporated into the ELJs, biorevetment, 

or floodplain roughening to reduce the need for imported woody material, which in 

turn reduces construction costs. 

 Additional reductions in construction costs can be realized by using levee removal 

spoils as backfill material in the ELSs. This material is likely ideal for this function 

because of the anticipated course gradation, which improves structure longevity and 

structural deformation factors of safety. Levee removal spoils can also be used for the 

outer layer of the setback levee that will be constructed over the inner, fine-grained 

core of the levee. Riprap removed from the existing levee face can be used in 

construction of the riprap toe protection on the southern portion of the setback levee. 
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CONCEPT ALTERNATIVES DEVELOPMENT AND 

EVALUATION 

Range of Alternatives Considered 

Several concepts for flood risk reduction were considered by King County for this site, 

including sediment dredging in the river channel, a setback levee, and raising the existing 

left bank levee. Based upon a study by the US Geological Survey (USGS 2010), dredging 

would provide only short-term benefits, and much less flood reduction benefits than a 

setback levee can provide. To obtain federal permits for river dredging where endangered 

salmonid species are present, as is the case in the lower White River, it must be shown 

that no other feasible alternatives (like setting back a levee) exist. Dredging would require 

extensive habitat mitigation in the lower White River or Puyallup River Basin, likely in relation 

to each dredging operation, which would have to occur repeatedly into the future given the 

prevailing sediment loading and deposition at the site. Since salmonid rearing habitat is a 

limiting factor in the lower White River, mitigation dollars would likely be spent on a levee 

setback project elsewhere. 

Raising the existing left bank levee at the project site was determined to be infeasible 

because the concomitant sediment aggradation would require new roadway and railroad 

bridge construction upstream of the raised levee section and would raise flood elevations 

both within the project reach and upstream of the site, triggering the need to raise levees on 

both banks for a distance extending several miles upstream. These actions would also face 

significant challenges with permitting and incur substantive mitigation costs. The overall cost 

of this option would be considerably greater than the proposed setback levee option. 

Based on this initial analysis of alternatives, the levee setback option was selected as the 

preferred approach for cost, feasibility, and permittability reasons. In addition, it would 

provide beneficial attributes for aquatic and riparian habitat in an area of historical 

floodplain that has been disconnected from the river channel for nearly a century. 

An analysis of potential project alternatives for the Countyline Levee Setback project was 

conducted in 2008 to support development of the 30% design plans. The analysis (King County 

2012) evaluated four alternatives: complete levee removal with and without a setback levee, 

and a notched levee removal with and without a setback levee. All four of the alternatives 

included a biorevetment and vegetated buffer along the eastern project boundary and 

interior engineered logjams (ELJs). Each alternative was ranked according to an analysis 

of project benefits and risk with respect to performance criteria. Alternative 2 (complete 

levee removal with a setback levee) ranked highest and was used as the basis for further 

development of the project design. 

The 30% design for the alignment of the setback levee and the location and number of ELJs in 

the setback floodplain was subsequently modified to address future flood elevations predicted 
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by the updated hydraulic modeling and to address challenges with constructing large ELJs in 

open water in the large wetland. The following section provides a detailed description of the 

major components of the proposed project at the 60% design level. 
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PROPOSED PROJECT CONFIGURATION 

The project is expected to be constructed over two years. Four apex ELJs, four deflector 

ELJs, and segments of a biorevetment will be constructed within the large floodplain 

wetland. The ELJ construction will occur before the existing levee is completely removed, 

and therefore may not be subject to permitted, in-water work windows for fish. The 

remainder of the biorevetment, setback levee, and floodplain roughening structures will 

be constructed in upland areas, parts of which are within the regulated wetland buffer. 

Portions of the existing levee removal and water management for this work will occur below 

the OHWM and will therefore be subject to permitted, in-water work windows for fish 

protection. 

Water management methods will be used to divert clean flow, isolate work areas, pump 

turbid construction water for treatment, establish infiltration areas, manage construction 

water storage and discharge, and avoid impacts on water quality. Water pumped from 

excavations will be pumped to approved infiltration areas or on-site storage tanks. The 

existing levee will remain intact during the winter season between construction years one 

and two to maintain the existing level of flood protection. 

Construction year one will include construction of most interior project elements, including 

access roads, a significant portion of the setback levee, the biorevetment, floodplain 

roughening structures, ELJs, revegetation of the wetland buffer, and relocation of utilities. 

Year one work may also include limited excavation of the landward edge of the existing levee 

prism (for re-use as backfill material for the ELJs and biorevetment), removal of an existing 

culvert, and residential structure demolition. Construction of ELJs may span two consecutive 

construction years. 

Construction year two will include completion of any ELJ and setback levee construction 

not completed in year one, removal of the existing levee and riprap revetment, culvert 

removal and construction of the outlet channel, revegetation of the wetland buffer, and 

restoration activities needed to complete the work. Construction of individual project 

components is described below. 

Setback Levee and Biorevetment 

The setback levee will extend 6,000 lineal feet from the upstream tie-in point at the BNSF 

railway embankment to the downstream tie-in point located on the north side of the 

eastern approach to the 8th Street E Bridge. Levee side slopes will be graded at 2.5H:1V 

(horizontal to vertical). The levee will range in height from 6 to 12 feet above the existing 

grade. The levee height includes 3 feet of freeboard above the anticipated water surface 

elevation in the 100-year flood event should it occur immediately after construction, plus an 

additional 2 to 3 feet of reserve freeboard to accommodate future anticipated sediment 

aggradation over the service life of the project. The footprint for the setback levee is located 

primarily within existing agricultural fields and will be prepared by first stripping off any 
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vegetation. The upper 1 foot of soil will be removed and weed-free soil will be stockpiled 

on-site for later reuse as topsoil. A levee core consisting of fine-grained (low-permeability) 

material will be placed and compacted in 6- to 8-inch lifts. The remaining levee prism, also 

placed and compacted in 6- to 8-inch lifts, will consist of on-site alluvium obtained from the 

excavation of the existing levee or from imported, pit-run material. Twelve to 18 inches of 

topsoil obtained from both on-site and imported sources will be placed on the waterward 

slope of the levee, and 12 inches of topsoil will be placed on the landward slope of the levee. 

Four inches of imported road base will be placed on the top of the levee as surfacing for 

a 15-foot-wide gravel access road/trail. The levee slopes will be planted with native 

vegetation. 

The biorevetment, wetland buffer, and floodplain roughening hummocks will protect the 

setback levee from channel migration and erosion by deflecting high-energy flows back into 

the reconnected floodplain and by reducing flow velocities along the face of the setback 

levee. More detail on the biorevetment and other log structures included in the design is 

provided in the Basis of Engineering Design section later in this report. The southern extent 

of the setback levee lacking a significant vegetated buffer will include buried riprap toe 

protection to prevent scour during flood events from undermining the toe. The riprap will 

only extend up to an elevation corresponding to the post-construction, 100-year water surface 

elevation. The remaining 5 to 6 feet of the levee side slope will be covered with topsoil and 

planted with native vegetation in accordance with the planting plan. 

Existing Levee Removal 

Most of the existing left bank levee prism will be removed down to the elevation of the 

OHWM between RM 5.2 and 6.1. Portions of the levee will remain undisturbed to preserve 

clusters of trees. Approximately 5.8 acres of the existing levee will be cleared of vegetation 

before excavation. This includes the gravel access road, invasive vegetation, native 

vegetation, and trees growing on the existing levee. About 31,500 cubic yards of native 

alluvium and 3,000 cubic yards of riprap will be excavated with trackhoes and loaded onto 

dump trucks for removal and reuse on-site as is feasible. Non-native levee material (primarily 

riprap) will be stockpiled for reuse as is feasible in construction of the bank protection along 

portions of the setback levee. Native material will be used as backfill for ELJs and other 

project components in a way that does not restrict floodplain capacity and that minimizes 

the potential for juvenile fish stranding. In-water work areas will be isolated using turbidity 

curtains and/or bulk bags to protect water quality. 

Northern Levee Terminus Resurfacing and Biostabilization 

Approximately 300 lineal feet of bioengineered bank protection is proposed at the tip of the 

northern end of the existing Countyline Levee adjoining the BNSF railway embankment that 

will remain after construction. The bioengineered bank protection is necessary to stabilize 

the levee in this area, direct flows into the reconnected floodplain area at a fixed location, 

and prevent potential upstream impacts, such as “nick point” propagation and associated bed 

scour at the BNSF and A Street bridge abutments and footings. This northern levee terminus 

bank protection is also necessary to prevent channel migration and potential cross-stream 

impacts that could be caused by toe scour along the BNSF railway embankment immediately 
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south of the A Street Bridge. The waterward slope at the tip of the remaining levee section 

will be excavated to elevation 70 feet (NAVD88) to key in the riprap toe protection. A 3-foot-

thick layer of riprap facing will be placed from elevation 70 feet up to elevation 83 feet 

(corresponding roughly to existing ground and the OHWM), and the excavation will be 

backfilled with native alluvium to near existing ground. The new slope of the levee above 

OHWM will be biostabilized with coir-wrapped soil lifts and live willow cuttings (8 feet long, 

four to six stems per lineal foot). Approximately 850 lineal feet of the remaining levee 

adjacent to the BNSF bridge abutment will be raised and resurfaced with on-site surplus 

materials or imported pit-run material to prevent overtopping during the 100-year event. 

Northern Access Road 

About 1,350 lineal feet of the existing primitive road to the northern portion of the levee will 

be resurfaced with native alluvium to accommodate construction equipment. A temporary 

water crossing in Wetland B will be established during construction. 

Southern Outlet Channel 

The existing 18-inch-diameter culvert and ford in the access road that conveys left bank 

floodplain wetland outflows back into the river channel, as well as the southern portion of 

the left bank levee, will be removed to restore channel connectivity through this area. The 

ground surface in this area will be graded to an elevation of 66 feet (NAVD88) to allow water 

to drain freely back into the river and to avoid the potential for fish stranding during low 

flows before higher winter flows rework this area and establish a natural channel. 

Planting 

Revegetation and enhancement of 17.8 acres of wetland and riparian and wetland buffer is 

included in the project design. About 5,700 trees and 32,000 shrubs and groundcover plants 

will be planted in wetland buffers, in wetland areas currently maintained as pasture, and in 

upland areas. Additionally, willow stakes will be installed along the biorevetment to provide 

overhanging shade in the near-term while other tree plantings mature. Cottonwood boles 

will be integrated in the biorevetment to promote new cottonwood growth that will provide 

shade over the long term. About 100 trees and more than 500 native shrubs will be planted 

on the constructed bars and upper surfaces of the apex ELJs. The levee removal area and 

construction access route to the ELJs will not be vegetated because they are expected to 

immediately revert to active channel conditions. 
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HYDRAULIC MODELING AND ANALYSIS OF PROPOSED 

PROJECT CONDITIONS 

Modeling Approach 

Initially it was thought that a mobile-bed hydraulic model, using the RiverFLO-2D software 

program, would dynamically predict both bed surface and water surface elevations. Early 

hydraulic model calibrations to simulate the January 2009 flood event were of high quality, 

though there was a slight dependence of the results on the grid spacing forming the 

computational mesh resolution in the model and the “build” version of RiverFLO-2D (Herrera 

2011). Therefore, a single model version (99g) was selected to be the version used throughout 

the preliminary hydraulic analysis simulations with a variable grid resolution corresponding 

to approximately 33,000 elements (see Appendix D), though more elements were added as 

complexity was added to the model in later simulations. 

Early results of the sediment transport component of the mobile-bed hydraulic model 

indicated that it could not replicate known geomorphic behavior accurately enough for 

engineering design purposes (Appendix D). Therefore, it was decided that an iterative 

approach to predicting geomorphic change would be most appropriate to simulate the 

flooding characteristics in the future rather than relying upon simulated geomorphic 

conditions. The process by which future conditions topographic surfaces were created 

(representing conditions with and without project construction, accounting for ongoing 

sediment accumulation in the river channel and left bank floodplain) is described in detail 

in Appendix F. Once the floodplain surface creation approach was developed, the approach 

to the hydraulic modeling could be developed. This approach and preliminary results of some 

of the limited-domain scenarios are described in Appendix G. The limited model domain 

(the geographic area contained within the computational mesh, described further below) 

extended approximately from RM 4.4 to RM 6.6. The final hydraulic model simulations, based 

upon an expanded domain extending downstream of the 8th Street E Bridge to RM 2.5 and 

further west and east into the cities of Pacific and Sumner, were performed with Version 3 of 

RiverFLO-2D at a comparable grid resolution to the earlier calibrated simulations. Details of 

the final model simulations are presented in Appendix E. 

Model Scenarios 

Many model scenarios were developed throughout the course of the design process. These 

simulations are summarized in Table 1 of Appendix E. In several cases, these model results 

had flow filling the floodplain to the edge of the model domain (i.e., flow encountered the 

model boundary, which effectively acts as a vertical wall). Some other of these simulations 

had unacceptably high (greater than 5 percent) conservation of mass errors. Details about 

why these errors occurred and why in many cases the conservation errors did not affect the 

results from an engineering design perspective are included in Appendices D and I. Most of the 
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conservation errors in the limited-domain model only impacted the model results downstream 

(south of) 8th Street E / Stewart Road SE, where significant flow left the downstream model 

boundary in the floodplain instead of in the channel. Since the limited-domain scenarios were 

generally used for the engineering design of project components (e.g., setback levee and 

ELJs) within the project site and far from the model domain boundaries, they were deemed 

sufficient for those purposes. 

Final modeling of post-construction conditions for the preferred alternative compared with 

the model results for existing conditions is presented in Appendix E. The difference between 

these two model scenarios illustrates the immediate post-construction changes in flood 

elevations that are expected. These changes are discussed in detail below. 

Model Refinements Based on Earlier Simulations 

The model was continuously updated throughout the modeling phase of the project. These 

updates corrected various flow anomalies encountered during preliminary modeling runs 

and culminated in the final hydraulic model results described in Appendix E. These 

corrections included the following: 

 Refinement of the left bank levee definition within the model throughout its length 

 Refinement of the 8th Street E fill prism and road surface definition on both sides of 

the bridge 

 Inclusion of the Butte Avenue culverts over Government Canal on the west side of the 

river and the 8th Street E culverts that convey a small unnamed creek across the 

street on the east side of the bridge near the January 2009 overtopping point 

 Refined breaklines along Butte Avenue, the BNSF railway prism, a terrace along the 

left bank of the river near the 8th Street E Bridge, and a revetment along the 

right bank of the river in the vicinity of the City of Pacific Park to better define the 

geometry of these features 

Computational Domain 

The computational domain consists of the topographic surface and hydraulic characteristics 

of that surface. The domain initially was limited to extend from RM 4.4 to RM 6.6 and out to 

higher portions of the floodplain on each bank (see Figure 1 of Appendix E for details). From 

the early model results, it was found that a significant amount of flow overtopped and exited 

the model outside the active channel (Appendix G). In the southeast end of the computational 

domain, this generated conservation of mass errors greater than 5 percent. These errors are 

discussed in detail below and in Appendices G and E. A battery of tests was performed to 

ensure that these simulations were sufficiently accurate away from the edges of the domain 

for the purposes of engineering design. 

To provide precise and complete simulation of hydraulic impacts of the project, the domain 

needed to be extended because some changes in post-project water surface elevations 

were observed where the model results were less accurate and beyond the initial model 

domain (i.e., near the downstream model boundary). In the expanded model domain, the 
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downstream boundary condition was extended to approximately RM 2.5 (about 2.4 miles 

downstream of the 8th Street E Bridge), and the lateral boundaries were extended to the 

Union Pacific and BNSF railroad prisms on the west and east sides of the river, respectively. 

In the final model simulations, the flood flow did not contact the model domain boundaries 

anywhere downstream of the A Street Bridge. The final model results (computed with 

Version 3 of RiverFLO-2D) also indicated that conservation of mass errors were less than 

5 percent, thus achieving an acceptable level of accuracy. 

Downstream Boundary Conditions 

The downstream boundary conditions were refined throughout the modeling as it was 

discovered that a key issue is the return of floodwaters to the main channel after crossing 

over 8th Street E / Stewart Road SE. In the initial model domain simulations, there were two 

downstream boundary conditions: one for the mainstem channel, and one for the left bank 

floodplain. The in-channel boundary condition was set by a rating curve (i.e., river stage 

as a function of discharge) developed by King County for the HEC-RAS model used in the Draft 

2009 White River flood study (King County 2009) for flood insurance study purposes, whereas 

a fixed elevation boundary condition was defined in the left bank floodplain. The final, 

expanded model domain extended the downstream boundary condition almost 2.5 miles 

downstream of the project site, assuring that the boundary condition would not affect the 

simulation of flood flows through the project site and across Stewart Road SE and back into 

the river. The downstream boundary condition in the expanded domain was set based upon 

HEC-RAS model results and at a location where the floodplain is relatively narrow. As a result 

of the refinements to the boundary conditions, the final model results completely resolved 

the simulation of flood inundation extents, including those areas where the overbank flow 

across Stewart Road SE returns to the main channel in the vicinity of the former Sumner 

Meadows Golf Course. 

Upstream Boundary Conditions 

The upstream boundary conditions were consistent throughout all of the modeling. They 

consisted of a single distributed flow input 1,300 feet upstream of the A Street Bridge. The 

input hydrographs for a range of flows are described in Appendix D. 

Final Hydraulic Modeling Results 

Results of the final hydraulic model comparison are provided in Appendix E. In summary, 

the results illustrate that the primary flood response of the project will be to divert large 

amounts of floodwater into the left bank floodplain wetland, reducing floodwater surface 

elevations by up to 5 feet from the A Street Bridge to where floodwaters return to the main 

channel downstream of the county boundary line. The diversion of this water into the lower 

left bank floodplain wetland will likely generate a headcut emanating near the diversion 

point, corresponding to the upstream end of the removed levee segment near RM 6.1. This is 

discussed in greater detail in the next section. 

The primary off-site impact of the project is associated with the elimination of split flow 

over Stewart Road SE and forcing all flow under the 8th Street E Bridge. The net result of the 

confinement of this flow to the 8th Street E Bridge crossing will be to increase water surface 
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elevations, flow velocities, and scour depths in the vicinity of the 8th Street E Bridge. These 

impacts are expected be temporary with the project, as they would occur in the future 

without the project due to ongoing sediment deposition in the channel. The project is not 

expected to increase the extent of existing flooding or inundate properties that do not 

currently flood. While the scour depth at the bridge piers could increase during flood events 

(see Appendix C), modeling that accounted for the expanded channel depth in the vicinity of 

the bridge piers indicated that the increases in conveyance brought about by the scour will 

not compensate entirely for the additional flow, and thus the peak water surface elevation 

during flood events will increase at the bridge and extend downstream of it (Appendix E). 

Because of the artificial floodplain constriction created by the bridge crossing and road prism 

for 8th Street E, the existing flow velocities under the bridge are relatively high during flood 

events, but the difference in peak flow velocities between existing and proposed conditions 

is relatively small and is not expected to compromise the bridge. The bridge is also being 

considered for replacement by the City of Sumner and will be designed to accommodate the 

increased flows described in Appendix E. The geomorphic implications of this impact are 

discussed in the next section. 

Other off-site impacts will indirectly result due to the redirection of flood flows under the 

8th Street E Bridge. They include: increased floodwater surface elevations on the right bank 

in the vicinity of Butte Avenue and increased flood depths and flow velocities along the 

right bank downstream of the 8th Street E Bridge to where floodwaters return to the main 

channel in existing conditions (RM 4.0). There are patchy areas of increases and decreases 

in simulated flood depths and peak flow velocities in areas downstream of the 8th Street E 

Bridge on the left bank as well. However, these differences arise largely from the redirection 

of flow, not from an increase in flood flow volumes in the proposed conditions. Flooding 

under existing conditions along the left bank properties in this area may pose greater risk now 

than following project construction because of the risk of an avulsion, in which a significant 

fraction of the flow of the White River would cross over Stewart Road SE and place properties 

and infrastructure in this path at great risk. In the proposed conditions, flood flow inundation 

of these properties south of Stewart Road SE will consistently occur from the west via 

overtopping of the main channel bank. 
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EXPECTED GEOMORPHIC RESPONSE FOLLOWING 

PROJECT CONSTRUCTION 

General geomorphic ramifications of the proposed project are summarized in Appendix B. 

This includes the potential abandonment of the main channel and the reestablishment of 

a new channel or network of channels within the wetland of the left bank floodplain. 

Estimates of the geometry of the new channels are based upon the quantity and location 

of flow simulated in the final hydraulic model of immediate post-construction conditions. 

Realignment of approximately half of the river flow into the reconnected floodplain is 

expected after the first winter following project construction. This will produce a new 

set of channels that are impossible to predict precisely, except to say that the channels 

and floodwaters will be contained within the project area, west of the setback levee 

alignment. These changes could have limited impacts on adjacent infrastructure. The impacts 

on adjacent infrastructure and measures to reduce these impacts are summarized below. 

 Remaining King County left bank levee and revetment – Approximately 1,200 feet of 

the north end of the left bank levee will be left in place to prevent channel migration 

into the BNSF railway prism and in-channel erosion from concentrating near the BNSF 

and A Street bridges. The greatest risk of erosion within the site is to the south end 

of the levee segment that will remain. The hydraulic model results indicate high-

flow velocities (in excess of 10 feet per second) in this area. To address this risk, the 

downstream 300 feet of the remaining portion of the existing levee will be stabilized 

with a buried rock revetment and bioengineered bank protection. Approximately 

850 lineal feet of the remaining left bank levee at its upstream end will be raised and 

resurfaced to prevent overtopping during the 100-year flood event occurring after 

future sediment deposition. Under existing conditions, overtopping at this location 

may occur during a 2-year flood event. 

 BNSF and A Street bridges – Initially it was thought that removal of the existing levee 

might initiate a head cut near the point where flow enters the (lower) left bank 

wetland at the south end of the remaining revetment, raising concerns of scour at 

the bridges. However, the final hydraulic modeling shows that flow velocities should 

not increase anywhere close to these bridges. Therefore, changes in channel bed 

elevation at the bridges can be expected to occur slowly over several flood events, 

and then only if a head cut from the wetland inlet propagates upstream to the bridge 

crossings. Additionally, the depth of the head cut erosion at the bridges would need 

to be significantly larger than the several feet of sediment deposited in the existing 

channel since the mid-1980s when dredging ceased. Therefore, it is probable that 

there will be no impact from the project at these upstream bridges. This is supported 

by the sediment transport modeling that was performed early in design development 

(Appendix D). 
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 Pierce County’s existing Left Bank Flood Protection Facility – The revetment along 

the left bank between the county boundary line and the 8th Street E bridge is located 

in unincorporated Pierce County on property owned by Pierce County. Approximately 

1,200 lineal feet of this rock revetment will remain in place after construction and 

will be maintained by Pierce County as part of their inventory of flood-protection 

facilities. The facility, in combination with revegetation of the adjacent riparian 

buffer, will provide erosion protection for the new setback levee. Although flood 

flows and velocities along this facility will increase compared to what they are 

estimated to be in the existing conditions model, they will not be greater than 

they were historically due to known variability in the channel location and width 

(Appendix B). Consequently, this facility is not expected to be adversely impacted by 

the Countyline project. 

 8th Street E Bridge – The 8th Street E Bridge is currently at risk of debris 

accumulation on the two in-water piers and lower bridge chord due to inadequate 

freeboard in the 100-year flood event. The project-induced elimination of split 

flow over 8th Street E and redirection of all flood flows to the bridge crossing is 

expected to reduce the existing freeboard by approximately 1 foot. The City of 

Sumner is planning to replace the bridge, but not before the Countyline project is 

constructed. King County will address the temporary increase in risk to the bridge 

by preparing a Public Safety Management Plan that will outline coordination among 

multiple jurisdictions and local agencies for monitoring, adaptive management, and 

emergency response. 

Redirecting all of the flow to the bridge crossing during major flood events could also 

increase scour at the two in-water bridge piers. Because of this, a separate scour 

analysis was done specific to the bridge (see Appendix C). The results of this analysis 

predict an increase in the scour depth that is not expected to impact the bridge 

because of the large quantity of accumulated sediment at the bridge due to historical 

deposition, and because the maximum expected scour depth will be several feet above 

the elevation of the pile caps of the two in-water piers (Appendix B). The new bridge 

foundation and the low chord elevation of the new bridge deck could be designed to 

accommodate estimated scour depths and floodwater surface elevations based upon 

the information documented in appendices to this report. 

 Existing King County right bank revetments – King County maintains several 

revetments and temporary flood-protection measures on the right bank between the 

A Street bridge and the King-Pierce County boundary line. Reduction in flood water 

surface elevations in this area due to the Countyline project will reduce hydraulic 

stresses on these revetments. Because of the expected rerouting of floodwaters to 

the left bank floodplain, it is possible that debris could accumulate in the existing 

main channel near Pacific City Park and downstream of this point. If this occurs, there 

is a potential for debris to initiate significant variability in the erosion of the main 

channel, thereby affecting revetments on the right bank. However, these changes will 

be local and subdued by the diversion of a significant percentage of floodwater to the 

left bank floodplain. 
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BASIS OF ENGINEERING DESIGN 

This section documents the basis of engineering design for the setback levee and the 

engineered log structures (ELSs), including the biorevetment and ELJ structures. The 

assessments of fish habitat conditions, geological and geotechnical conditions, geomorphic 

conditions and hazards, and the hydraulic modeling results described in previous sections of 

this report directly informed the design of these structures. A memorandum summarizing the 

detailed analysis and calculations completed in support of the setback levee is provided in 

Appendix H. A memorandum summarizing the design and engineering analysis completed in 

support of the ELSs is provided in Appendix I. The 60% design plans and details showing the 

proposed setback levee construction, the existing levee removal, the ELSs, the project 

revegetation plans, and all associated erosion and sediment control measures are included in 

Appendix J. 

Setback Levee 

The proposed setback levee was designed using soils information from drilled borehole 

investigations and lab data provided by King County. The results of the setback levee design 

and analyses, and compilation of subsurface data used to support the design is included in 

Appendix H. The water level used for the levee design was the future 100-year flood peak 

water surface elevation corresponding to the project design service life (Scenario S1d, see 

Appendix E). The design of the proposed levee included the following geotechnical analyses: 

 Settlement 

 Stability 

 Seepage 

Models used for these analyses are common models for their specific purposes in accordance 

with USACE design procedures. Modeling procedures and results obtained were in accordance 

with applicable USACE levee design guidelines, and considered both static and seismic risk 

conditions. 

The minimum factors of safety (FS) for static conditions required by the USACE are shown in 

Table 1. All levee sections analyzed were determined to be stable for both static and seismic 

cases. The rapid drawdown case was also analyzed assuming the flood level at maximum 

elevation and dropping at 0.5 feet per hour. 

USACE seepage guidelines state that levee sections with average vertical exit gradients less 

than 0.5 at the levee toe are not susceptible to piping failure and thus do not require seepage 

cutoff or other design measures to drain seepage flow. Calculated seepage values were all 

within the guidelines for exit pressures; however, existing high groundwater conditions, that 

are evident at the project site even during drier summer months, will not be alleviated by 

construction of the setback levee. Some minor seepage through the levee foundation 
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materials may occur during extreme flood events and cause groundwater levels to rise at 

the toe of the levee. However, the slightly higher groundwater levels would be far less of a 

concern than the extensive flooding of the area that would occur without the setback levee. 

Due to existing groundwater conditions, the design of roads and structures behind (east and 

south of) the setback levee will need to consider additional measures to address shallow 

groundwater conditions. Although the construction of the setback levee will not alleviate the 

shallow groundwater conditions, it will block high water levels in the river during a flood 

event that would otherwise inundate some off-site areas. 

Table 1. Minimum Factors of Safety Required by the USACE (2000) for Levees under 
Static Conditions. 

Design Condition Minimum F.S. 

Rapid Drawdown 1.0 to 1.2 a 

Long Term (Steady Seepage) 1.4 b 

a Sudden drawdown analysis. F.S. = 1.0 applies to pool levels prior to drawdown conditions where these water 
levels are unlikely to persist for long periods preceding drawdown. F.S. = 1.2 applies to pool level likely to 
persist for long periods prior to drawdown. 

b For existing slopes where either sliding or large deformation has occurred previously and analyses have been 
performed to establish design shear strengths, lower factors of safety may be used. In such cases probabilistic 
analyses may be useful in supporting the use of lower factors of safety for design. 

 

Settlement along the setback levee length should not be a concern because the majority of 

the estimated settlement will occur during construction. Long-term settlement of up to 

6 inches may occur in areas of thicker peat layers underlying the setback levee. Some 

settlement is normal for embankment fills. 

A groundwater analysis using monitoring well data compared water levels in the White River 

with well log data (see Appendix E that is appended to Appendix H). Well log data indicates 

that the groundwater levels are influenced by the White River at some distance upstream 

of the project site through deep pervious layers of sand and/or gravel. Some data indicate 

higher groundwater in wells than the surrounding ground level or the adjacent water levels 

in the White River, indicative of subsurface water pressures emanating from upstream of the 

site. 

Two different configurations were analyzed for the proposed setback levee (see Appendix H), 

called Section 1 and Section 2 in the project analyses. The first configuration, Section 1, is a 

typical levee section of fill that will be used for all areas of the levee except for the portion 

of the levee at the southwest edge of the large wetland complex (Section 2). Three different 

core sections were analyzed for this first configuration (Section 1, Section 3a, and Section 3b) 

to maximize the use of on-site alluvium removed from the existing levee along the river. 

These sections are shown on Figures 4 and Figure 5 in Appendix H and are described as 

follows: 

 Section 1 - Impervious fill (25 percent fines), full section with 2.5 (Horizontal):1 

(Vertical) side slopes (typical section at A, C, and D, see Figure 4 in Appendix H). A 

minimum depth of 12 inches of topsoil would be placed on the back (inland) side of 

the levee to support new plantings. 
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 Section 3a – Smaller impervious fill core with 2.5H:1V side slopes, covered with 

18 inches of alluvium and 18 inches of topsoil at 2.5H:1V slopes (alternate section 

at A, C, and D, see Figure 5 in Appendix H). 

 Section 3b – Smaller impervious fill core with 1H:1V side slopes, covered with alluvium 

(variable thickness) and 18 inches of topsoil at 2.5H:1V slope (alternate section at A, 

C, and D, see Figure 5 in Appendix H). 

The second configuration applies to the portion of the levee along the southwest edge of the 

large wetland complex. At the draft 60% stage of design completion, when this analysis was 

performed, the levee section in this unique area (Section 2, see Figure 4 in Appendix H) had 

a 3-foot-thick riprap armoring layer extending from the toe to the top of the riverward side 

of the levee and a log structure at the toe. The core of this section is similar to Section 1 

described above except for the riprap armoring on the river side. The final 60% design plans 

for this portion of the levee changed somewhat, replacing riprap at the top of the levee slope 

with topsoil. 

Engineered Log Structures 

Large and small apex ELJs, bank deflector ELJs, the biorevetment, and floodplain roughening 

structures are included in the project design plans (Figure 3). All of these ELSs were designed 

based on the project habitat and flood risk reduction goals and objectives, the hydraulic 

modeling and geomorphic changes previously summarized, geotechnical data developed in 

support of this project, and the design of the setback levee. The biorevetment and ELJs were 

designed to remain stable for all anticipated future conditions during the design flow event of 

15,500 cfs, which corresponds to the 100-year recurrence interval flow. The primary design 

objectives of the ELSs include diffusing and deflecting flow away from the biorevetment and 

setback levee; providing stable foundations to accumulate and retain naturally occurring 

large wood; providing aquatic habitat complexity through side-channel formation, scour pool 

formation and bank stabilization; and providing large-scale hydraulic roughness within the 

wetland to slow flow velocities and encourage sediment deposition in the wetland. The ELSs 

will also be heavily planted with native riparian tree and shrub species as part of the project 

revegetation efforts previously described, further enhancing habitat. 

Structure Descriptions 

All ELS types, except the floodplain roughening structures, consist of a matrix of multiple 

layers of interlocking and horizontally oriented large “key” logs (with and without attached 

rootwads) and smaller racking logs and slash (small branches and twigs). The key logs will be 

secured in place by vertical timber piles deeply embedded below the anticipated scour depth 

and by ballast material placed over and around the key logs within the interior core of the 

structure. The key logs will protrude from the waterward face of the structure and function 

to accumulate naturally occurring wood, to deflect flow around the waterward sides of 

the structure, and to secure smaller racking logs and slash material that is added during 

construction. The smaller racking logs and slash are intended to absorb the erosive energy of 

impinging flow and retain the log ballast material. Log ballast in the structures will include 

bank and channel alluvium derived locally from excavations during ELS construction and 

coarse alluvium spoils produced during existing levee removal. 
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Large Apex ELJ Structure 

One large apex ELJ (ELJ 4, Figure 3) will be constructed in the wetted portion of the wetland. 

The primary function of ELJ 4 will be to interact with flow that is deflected away from 

the biorevetment and setback levee by a bank deflector ELJ (ELJ 5), and deflect this flow 

westward into the interior of the wetland and away from the biorevetment and setback 

levee. ELJ 4 will be approximately 17 feet tall above the bottom of the wetland, 90 feet 

wide, and will be anchored with 28 timber piles deeply embedded into the alluvial soils that 

underlie the shallow wetland soils. 

Small Apex ELJ Structure 

Three small apex ELJs (ELJs 1, 2, and 3, Figure 3) will be constructed in the wetted portion of 

the north end of the wetland near the upstream terminus of the levee removal extents. The 

primary function of ELJs 1, 2, and 3 is to enhance aquatic and riparian habitat by directly 

interacting with flow as it enters a relic channel in the wetland from the northwest and by 

splitting flow into multiple channels, thereby creating a diversity of channel complexes that 

will encourage gravel bar and mid-channel island formation. ELJs 1, 2, and 3 will each be 

approximately 16 feet tall above the bottom of the wetland, will be 55 feet wide, and will 

be anchored with 13 timber piles deeply embedded into the alluvial soils that underlie the 

shallow wetland soils. 

Bank Deflector ELJ Structure 

Four bank deflector ELJs (ELJs 5, 6, 7, and 8, Figure 3) will be constructed along the western 

edge of the terrace bordering the wetland area and will be situated between units of the 

biorevetment (described below). The primary function of ELJs 5, 6, 7, and 8 is to deflect flow 

away from the setback levee and back towards the middle of the wetland, thereby preventing 

flow from becoming fixed in position along the levee and biorevetment. ELJs 5, 6, 7, and 8 

will each be approximately 18 feet tall, will span approximately 82 feet along the bank, and 

will be anchored with 27 deeply embedded timber piles. 

Biorevetment 

The biorevetment will be constructed along the entire length of the eastern edge of the 

wetland area (Figure 3). It will consist of 108 units constructed end-to-end to create a long 

and semi-continuous, roughened wall. Each unit will be approximately 10 feet tall, will span 

40 feet along the edge of the terrace, and will be anchored with four timber piles deeply 

embedded into the terrace and wetland soils. The primary function of the biorevetment is to 

maintain a permanent physical buffer between the setback levee and the existing wetland 

boundary by providing continuous protection from erosive flows along the new left bank of 

the floodplain. 

Floodplain Roughening 

The floodplain roughening features consist of multiple small log structures constructed on 

the upstream faces of low earthen berms (hummocks) that will extend from the toe of the 

setback levee across the wetland buffer to the biorevetment. Numerous live cottonwood 

boles will also be installed on the berms to accelerate native plant recolonization. These 

structures will increase overall floodplain hydraulic roughness to reduce flow velocities on the 

floodplain and along the setback levee. 
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Summary of Design Calculations 

Design calculations were completed to ensure the ELSs are stable during the design flow 

event. The results of the various calculations are summarized below. Detailed descriptions of 

the calculations including design assumptions, criteria, and methods established to complete 

the calculations are presented in Appendix I. 

Scour Analysis 

A scour analysis was completed to determine the depth of soil that could potentially be 

eroded away from the portion of the timber piles below the bottom of the structure when 

subjected to the design flow event. The results of the scour analyses summarized in Table 2 

were used as input for the pile analysis described below. 

Table 2. Average Maximum Probable Scour Estimated for the ELJs and Biorevetment. 

Large Apex ELJ 
(feet) 

Small Apex ELJ 
(feet) 

Bank Deflector ELJ 
(feet) 

Biorevetment 
(feet) 

19 17 18 12 

 

Pile Analysis for ELJs and Biorevetment 

A pile analysis was completed for the ELJs and biorevetment to determine the depth that the 

timber piles must be embedded below the channel bed to remain stable when subjected to 

the maximum probable scour and the resulting hydraulic drag applied to the structures during 

the design flow event. The analysis included calculating and comparing the maximum load a 

pile could withstand (factored resistance) to the actual load that it would be subjected to 

during the design flow event (factored load). Results of the pile analysis are summarized in 

Table 3. 

Table 3. Results of the Pile Analysis for the ELJs and Biorevetment. 

Pile Design Component 

Ratio of Factored Resistance to Factored Load 

Large 
Apex ELJ 

Small 
Apex ELJ Bank Deflector ELJ Biorevetment 

Minimum Requirement for Bending and Shear 1.0 1.0 0.9 (Main Structure) 

1.00 (Side Structure 

1.0 

Calculated Ratio for Bending 1.23 1.46 0.92 (Main Structure) 

3.80 (Side Structure 

1.02 

Calculated Ratio for Shear 12.94 12.89 1.67 (Main Structure) 

7.96 (Side Structure) 

6.28 

                   Pile Design Requirements 

Number of Piles Per ELS 28 13 27 (Main Structure) 

4 (Side Structure) 

4 

Pile Embedment Depth Below Existing Grade 38 feet 30 feet 28 feet 30 feet 
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Analysis of Large Wood Accumulation on the Apex ELJs 

An additional pile analysis was completed for the apex ELJs to assess their stability if they 

were to accumulate naturally occurring large wood. Large wood extending beyond the 

periphery of the as-built structure, although possible (but unlikely), would increase the 

projected surface area of the ELJs (in the direction of flow), thus increasing the hydraulic 

drag on the structures and the stresses on the piles. Results of the additional pile analysis 

are summarized in Table 4. The ELJs could safely accommodate an additional 20-foot wide 

increase in their projected surface area, but a 40-foot wide increase in their projected 

surface area could cause the ratio of factored resistance to factored load to be less than 1.0. 

However, because accumulated wood would extend farther upstream from the pile, the 

resulting scour moves away from the piles and thus increases their embedment depth. As this 

occurs the pile’s resistance to bending stresses increases, thereby increasing the ratio to 

above 1.0. Furthermore, large wood generally does not tend to accumulate much beyond the 

periphery of ELJs because either the pieces break apart, or they are shed off the structure 

during flow conditions that cause them to be re-mobilized. This characteristic also helps 

to maintain the ratio above 1.0. Therefore, large wood accumulations of up to 20 feet or 

more that create a complete obstruction to flow across the width of the apex ELJs are not 

anticipated to occur. The number of piles and recommended embedment depths listed in 

Table 3 are sufficient to maintain stability under the potential future loads on the ELJs. 

Table 4. Results of Pile Analysis for Apex ELJs with Additional Natural Wood Loading. 

ELJ Condition 

Ratio of Factored Resistance to 
Factored Load for Bending 

Large Apex ELJ Small Apex ELJ 

As-built design conditions without naturally-occurring wood loading 1.23 1.46 

As-built design with 20 foot-wide increase in projected surface area 1.21 1.24 

As-built design with 40 foot-wide increase in projected surface area 0.99 0.95 

 

Buoyancy Analysis 

A buoyancy analysis was completed to determine the minimum thickness of log ballast 

material (i.e., alluvium from the existing levee or locally excavated to construct the ELS) that 

needs to be placed over the top (final) layer of logs in the ELSs to overcome the buoyant 

forces applied to the wood material when it is submerged. The results of the buoyancy 

analysis are summarized in Table 5. 

Table 5. Results of ELS Buoyancy Analysis. 

ELS Type 
Minimum Depth (feet) of Ballast Needed on Top Layer of 

Logs to Resist Buoyancy for a Factor of Safety = 2.0 

Large Apex ELJ 4.6 

Small Apex ELJ 3.5 

Bank Deflector ELJ 4.0 

Biorevetment 4.5 

Floodplain Roughening Types 1, 2 and 3 3.0 
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Pile Pullout and Cable/Chain Strength Analysis 

Logs for the large apex ELJ will be secured (lashed) to the timber piles using 1/2-inch 

diameter high strength steel cable or 3/8-inch diameter, hot-dipped galvanized steel chain. A 

pile pullout calculation was completed to ensure the friction between the embedded portion 

of the log and the surrounding earth is sufficient to resist the buoyant forces exerted on the 

piles (due to the lashing) when the structure is submerged. The result of this calculation 

indicates that a minimum of 16 of the 28 piles in the large apex ELJ must be fastened with 

cable or chain to achieve a factor of safety (FS) of 3.0. Given the unique configuration of 

the key logs and piles in the large apex ELJ, 26 of the 28 piles will be fastened to provide a 

consistent level of protection against the structure from destabilizing if some of the ballast is 

eroded. Doing so also increases the FS value for pullout resistance. 

A calculation was also completed to ensure the cable or chain fastening the logs in the large 

apex ELJ to its piles will be strong enough to resist failure when transferring the structure’s 

buoyant forces to the piles. The result is provided in Table 6 and shows that the minimum FS 

value for cable and chain failure is 10.4 when all 26 piles are lashed. 

Table 6. Results of the Cable/Chain Strength Analysis for the Large Apex ELJ. 

Cable/Chain Breaking Strength 
(pounds) Cable/Chain Type and Size 

Number of Piles to 
be Fastened 

Calculated Factor 
of Safety Value 

Cable: 26,600 Cable: IWRC 6x19 galvanized 

EIPS1/2-inch diameter 

26 10.4 

Chain: 20,000 Chain: 3/8-inch diameter, grade 43, 

galvanized  

26 10.4 

 

Pile Installation Recommendations 

King County completed a geotechnical and engineering analysis to assess the feasibility of 

driving timber piles for the ELJs and biorevetment. The results of that analysis, which is 

described in more detail in Appendix I, indicate that it should be possible to continuously 

drive the piles for the biorevetment to their required embedment depth without overstressing 

them. Therefore, traditional pile driving methods will be used to install the biorevetment 

piles. 

King County’s results indicated that piles for the ELJs would likely be overstressed when 

attempting to drive them to their required embedment depth. This is due to the presence 

of dense to very dense gravels, sands and cobbles and occasional boulders observed in the 

deep borings completed as part of King County’s geotechnical investigation. Therefore, 

traditional pile driving methods will not be used for the ELJs. Instead, the pile installation 

contractor should be prepared to pre-drill each pile location to within 2 feet of the planned 

pile tip embedment depth prior to driving. The diameter of the pre-drill hole should be 

approximately the diameter of the pile tip or slightly larger. Pre-drilling at every pile location 

may not be necessary, but it will likely be required at enough locations (i.e., potentially 

50 percent or more of the piles for each structure) that planning to pre-drill each pile is 
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prudent. The ELJ piles should also have steel tips/points for protecting their wooden tips 

during driving. 

If the piles cannot be installed to within 80 to 90 percent of their intended embedment depth 

(either by driving or pre-drilling and driving), then the piles will need to be installed via 

casing and drilling whereby a shaft is drilled through the alluvium to the pile tip elevation 

using temporary steel telescoping casing, installing the pile into the shaft and then backfilling 

the shaft with drill spoils. An alternative to casing and drilling will be to install additional 

piles with a higher tip elevation to compensate for not reaching the intended embedment 

depth. The number of additional piles needed would be determined during construction 

on a case-by-case basis and would depend on how many piles do not reach the intended 

embedment depth and by how much. 
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IINTRODUCTION 
The King County River and Floodplain Management Section (County) is developing preliminary 
design plans for a levee setback project on the White River at the boundary between King and 
Pierce counties, Washington (Figure 1, Appendix A). The Countyline levee setback project 
(Countyline project) is both a flood hazard reduction project and a salmon recovery project 
located along the left (east) bank of the White River between river mile (RM) 4.9 and RM 6.1, 
which is upstream of the 8th Street Bridge located in the City of Sumner and downstream of
the Burlington Northern & Santa Fe (BNSF) Railroad Bridge located in the City of Pacific. The 
project site comprises roughly 115 acres and includes a large forested wetland east of the left 
bank levee. The project site straddles the jurisdictional boundary of Pierce and King Counties, 
with the northern portion in King County and the southern portion in Pierce County. The 
boundary between the counties is located at approximately RM 5.56. The project area lies 
within the incorporated limits of the cities of Pacific and Sumner and in a portion of 
unincorporated Pierce County.

This memorandum presents the conceptual structure layout and designs for the restored 
floodplain area using engineered log structures (ELSs), which include engineered logjams 
(ELJs), a “biorevetment” structure, and a bank roughening structure. This memorandum 
summarizes the work completed in support of the concept design development.
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SSCOPE OF WORK 
Herrera Environmental Consultants (Herrera) was retained under contract work order E00146T 
by the County to develop conceptual ELJ and biorevetment designs for the Countyline 
project. Herrera’s scope of work for this phase of the project includes the following tasks and 
deliverables: 

Conduct a one-day site investigation with County staff to evaluate existing conditions 
and identify potential ELJ structure locations and a preferred alignment for the 
biorevetment.

Identify design, permitting, construction, hydraulic, geomorphic, and habitat 
opportunities and constraints.

Qualitatively assess existing flood hazards (including geomorphic and hydraulic) and
the potential response in terms of these flood hazards to the project.

Recommend design criteria and geotechnical analyses for the ELJs and the 
biorevetment.

Develop preliminary construction costs and schedules for the ELJs and the 
biorevetment.

Develop conceptual plans and details for up to four types of proposed structures 
including large mid-channel and bank deflector ELJ structures, a robust biorevetment, 
and bank roughening ELJ structures. 

Prepare a memorandum summarizing the conceptual design and basis for design.

Two-dimensional hydraulic and sediment transport modeling has been conducted by Herrera 
Environmental Consultants (Herrera) and Northwest Hydraulic Consultants (NHC), as a
subconsultant, under a separate work order (Contract E00146E08, Work Order E00146P) to 
support the development of the conceptual engineering design. The models simulate existing 
conditions and the proposed conditions with the left bank levee removal only (i.e., ELJ 
structures were not included in the proposed condition model). Calibration of the hydraulic 
model is described in a report entitled Lower White River Levee Setback Hydraulic and 
Sediment Transport Modeling, RiverFlo2D Calibration Report, prepared by Herrera and NHC 
(2011). The methods and results of the hydraulic and sediment transport modeling for existing 
and proposed project site conditions will be presented in a Basis of Design Report to be 
produced during final project design. Final design of the project will be led by the County 
with assistance from Herrera under a separate contract.  
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BBACKGROUND 
The White River originates at the termini of the Emmons and Winthrop glaciers on Mt. Rainier 
and transports a high sediment load relative to other rivers in the region that do not drain 
active volcanoes. The project site is located on an alluvial fan formed from the deposition of 
sediment where the river leaves the steeper post-glacial valley of the White River canyon and
enters the glacial valley of the Puget lowland (Collins and Montgomery 2011). At the project 
site, the White River is confined by levees or revetments on both banks and is experiencing 
documented sediment deposition and cumulative reduction in flood conveyance. Shallow 
flooding in January 2009 occurred in low lying areas along the right bank and over the left 
bank terrace near 142nd Avenue East. Landowners in the vicinity of 142nd Avenue East took 
post-flood actions to construct a berm along the terrace edge. Sediment deposition has been 
documented both within the confined channel and on the adjacent left bank forested
floodplain near the County boundary line. At the project site, the White River and adjacent 
floodplain are incised into alluvial fan deposits and form a 4- to 10-foot-high terrace on the 
eastern margin of the project site.  

During the early- to mid-twentieth century, the White River was permanently altered by flood 
control projects including dam construction, channel excavation, gravel removal, and levee 
and revetment construction. Prior to channel modifications, the river historically occupied 
two separate channel alignments. The main branch of the White River flowed to the northeast 
and into the present-day Green River. A secondary branch split from the White River at 
approximately RM 8.0 to form the Stuck River, which flowed south to join the Puyallup River. 
After a large flood event in 1906, permanent measures were taken to re-align the Lower 
White River into the Stuck River channel, significantly increasing the long-term discharge in 
the Puyallup River at Sumner. Construction of the Auburn Wall in 1915 made diversion of all 
of the flow of the White River into the Puyallup River drainage basin permanent (Collins and 
Sheikh 2004).

Levees and revetments were constructed during the early decades of the 20th century. 
Although it is unclear from historical archives exactly when construction of levees and 
revetments in the project reach began, construction certainly began after the signing of the 
Intercounty River Improvement agreement in 1914, and initial channel realignment and 
construction was likely completed before the completion of the Auburn Wall in 1915. These
flood control features confined the active channel and isolated the river from its 
predevelopment floodplain. Consequently, the White River no longer migrates across the 
historical alluvial fan, but instead deposits sediment and conveys almost all flood flows within 
the constructed channel. Between 1915 and 1988, large volumes of gravel were periodically 
removed from the lower White River (including within the project area) to maintain flood 
conveyance capacity (Herrera 2010). Sediment deposition within the active channel has 
continued since gravel removal activities ended in the 1980s, substantially reducing the flood 
conveyance capacity.  
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Mud Mountain Dam, located at RM 29.7, was completed in 1948 by the U.S. Army Corps of 
Engineers (USACE) as a single-purpose flood control project. The primary authorized purpose 
of the Mud Mountain Dam is to control flood levels along the Lower Puyallup River. Flood 
control in the lower White River below the dam is a secondary purpose.

Project Description 
The conceptual design presented in this memorandum is based on a preliminary biorevetment 
and setback levee alignment plan prepared by the County and refinements to conceptual ELJ 
designs and layouts presented to County staff by Herrera at two concept design workshops. 
The project area and project elements are shown in Figures 1, 2, and 3 (Appendix A). The 
conceptual ELS design for the Countyline project developed from this process includes the 
following elements:

Remove approximately 3,500 lineal feet of the existing levee prism from the left bank 
of the White River. The upstream extent of the proposed levee removal is located 
across the river from the City of Pacific Park (near RM 6.0).

Remove approximately 3,500 lineal feet of bank armoring material from the left bank 
of the White River, most of which is placed along the waterward toe of the existing 
left bank levee that will be removed.

Construct a setback levee along the eastern perimeter of the wetland buffer on the 
eastern terrace in the southern half of the project site.

Construct approximately 3,750 lineal feet of biorevetment and 1,440 lineal feet of 
bank roughening structures into the existing bank along the edge of the wetland 
terrace.

Install mid-channel (apex) ELJ structures within the restored floodplain area.

The County is also proposing a levee setback project along the opposite bank (right bank) of 
the White River in the City of Pacific. This project (called the Right Bank project in this 
memorandum) proposes to remove a section of an existing revetment and a temporary 
floodwall that was placed after the January 2009 flood event and to construct a permanent 
setback levee. The proposed setback levee will have an upstream terminus in the vicinity of 
the northern end of the City of Pacific Park and extend around the perimeter of the City of 
Pacific Park, with a downstream alignment adjacent to residential housing and to a point 
downstream near the County boundary line. The goals of the Right Bank project are to 
provide additional flood protection and sediment storage capacity and to improve habitat 
conditions along the project reach. Design elements of the Countyline project will not 
preclude development of the Right Bank project.

Project Goals and Objectives 
King County established specific goals and objectives for the Countyline project that form a 
basis for the development of the concept plans described in this memorandum. The goals and 
objectives for the Countyline project are as follows:
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Goal 1: Restore riverine processes and functions to the lower White River and its 
floodplain within the project area (inside the proposed levees) in order to enhance 
salmonid rearing habitat, in particular for spring and fall Chinook, coho, and 
steelhead.

Objective 1.1: Allow natural channel movement within the project area by removing 
and setting back the existing levee along the left bank.

Objective 1.2: Encourage the formation of off-channel rearing habitat (pool complexes 
and side-channels), such as through installation and future natural recruitment of 
large wood, that will promote the return of the complexity, diversity, and morphology 
found in an unconstrained floodplain.

Objective 1.3: Provide off-channel flood refuge for salmonids by allowing a more 
natural frequency of inundation of the floodplain complex during flood events within 
the project boundaries.

Objective 1.4: Protect existing mature riparian buffer areas and restore a corridor of 
mature riparian vegetation within the project boundaries to provide shoreline and 
stream channel shading, invertebrate prey supply, and large wood recruitment. 

Goal 2: Prevent an increase in flood and geomorphic hazards outside of the project 
area due to this restoration project and, if possible, reduce existing hazards.

Objective 2.1: Design the project to ensure flood and geomorphic hazards (on private 
property and associated with public infrastructure) outside of the project area do not 
increase due to the project.

Objective 2.2: Increase flood storage along the length of the project, which will also 
have a net benefit on flood elevations in the immediate vicinity of the project, 
particularly the right bank.

Objective 2.3: Avoid or minimize the need for sediment management actions.

Goal 3: Design and construct a project that best meets the goals and objectives of the 
project using the most cost-effective means. 

Objective 3.1: Evaluate individual and collective project components based on cost-
effectiveness and ability to achieve the goals and objectives for salmonid habitat 
(primarily) and flood hazards.

Objective 3.2: Avoid or minimize the need for remedial actions (habitat restoration or 
construction to avoid or repair damage to public facilities) by incorporating self-
sustaining habitat restoration and flood hazard reduction components in the design.

Objective 3.3: Work with adjacent landowners to negotiate acquisitions or 
conservation easements.
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Objective 3.4: Work with all stakeholders, including the City of Pacific, City of 
Sumner, Pierce County, Washington Department of Fish and Wildlife, the Puyallup 
Tribe of Indians, and the Muckleshoot Indian Tribe throughout the project 
development to foster project support and a clear understanding of any needs or 
issues.
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GGEOMORPHIC AND HYDRAULIC RESPONSE 
Reconnecting the White River channel to the floodplain wetland is expected to reduce the 
existing flood hazard within most of the project reach. Additionally, flow divergence in the 
unconfined floodplain and the hydraulic roughness provided by woody debris and the proposed 
ELJs are expected to promote sediment deposition in the floodplain wetland. A recent study 
completed by the U.S. Geological Survey (Czuba et al. 2010) comparing river management 
options at the Countyline project site estimated that the levee setback option would result in 
an initial reduction in flood elevations of 3 to 6 feet along the project reach. The study also 
found that a gravel bar scalping option would initially reduce flood elevations by considerably 
less, or up to 1.3 feet, assuming a one-time removal of approximately 50,200 cubic yards of 
sediment. The results presented by Czuba et al. (2010), which are based on a simple one-
dimensional steady state (HEC-RAS) hydraulic model, also found that sediment deposition 
would eventually reduce the amount of flood hazard relief provided by both river 
management options. Czuba et al. (2010) also found that the levee setback option would 
provide a longer duration of flood benefit relative to the gravel bar scalping option due to the 
larger increase in flood conveyance. 

A qualitative assessment of the geomorphic and hydraulic response of the proposed project 
was performed using observation from the field investigation conducted by Herrera and 
County staff on May 20, 2010 and the preliminary results of the two-dimensional hydraulic and 
sediment transport modeling performed under a separate work order. The hydraulic and 
sediment transport modeling included 1) a no-action scenario to simulate the future channel 
and floodplain response over a six-year period (real-time hydrograph for the period 1989 to 
1995) based on existing conditions and 2) a proposed conditions scenario simulating levee 
removal only over the same six-year period, without the proposed ELSs. Additional modeling 
of the proposed conditions will be performed as the design elements of the levee setback 
project are refined.  

Based on the previous work described above, the potential geomorphic response to levee 
removal is expected to include sediment deposition and scour, channel migration, avulsion, 
and woody debris accumulation, recruitment, and export from the project site. Feedbacks 
between these geomorphic adjustments and hydraulics will further influence the extent and 
frequency of flooding within and surrounding the project site. Details of these anticipated 
geomorphic and hydraulic responses and potential hazards associated with them that must be 
addressed in the concept design are described below. 

Sediment Aggradation and Flooding 
Preliminary results of the existing conditions model (no-action scenario) indicate that both 
bed degradation and sediment aggradation on the order of several feet would occur in the 
White River channel throughout project reach. Bed changes will be dominated by aggradation 
and a corresponding reduction in the channel cross-sectional area and flood carrying capacity, 
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as has been documented in the recent past. Based on preliminary results of the proposed 
conditions model (removal of the levee but without the ELJs and with most of the flow 
remaining in the White River channel), sediment aggradation in the White River is predicted 
to continue to a lesser degree relative to existing conditions. Most of the deposition would 
occur upstream of the 8th Street Bridge to approximately RM 6.0. Local erosion would occur at
the downstream end of the gravel bar on the left bank near RM 6.05 (gravel bar 6, Figure 2)
and the upstream portion of the gravel bar on the right bank near RM 5.95 (gravel bar 5, 
Figure 2). Erosion of this right bank gravel bar would be caused by the increase in hydraulic 
gradient to the east induced by the proposed levee removal. 

Aggradation of up to 1 to 3 feet is predicted to occur locally within the floodplain wetland 
under proposed conditions. Aggradation in the wetland area is predicted to be limited to this 
amount because only a small fraction of the total discharge would flow into this area, and 
sediment deposition would be dispersed over a relatively large area. Furthermore, the 
sediment transport modeling conducted to date calculates bedload transport and deposition 
only and does not include the suspended sediment load, which may also deposit in the 
wetland area and result in greater aggradation depths than predicted by the current model.
For example, overbank flows at RM 5.5 have deposited suspended sand within the wetland 
area to a depth sufficient to bury and kill numerous trees; therefore, sediment deposition in 
the setback area is likely to exhibit spatial variability and could be greater than the estimates 
from the proposed conditions model.  

Based on a comparison of the water surface elevations for the existing conditions and 
proposed conditions hydraulic models, flood elevations during the peak flow of the six-year 
simulation (a discharge of approximately 15,253 cfs) are expected to decrease by several feet 
between RM 5.5 and RM 6.0. Although the proposed setback levee would reduce flooding on 
the left bank through the industrial and agricultural properties south of the floodplain 
wetland (across from RM 5.1), where river flow overtops the southeast end of the wetland 
terrace and crosses Stewart Road to the south during significant flood events, the concept 
design would increase flood elevations upstream of the 8th Street Bridge near RM 5.0 as a 
result of flow being routed back toward the main channel by the setback levee. As currently 
proposed, the levee removal would cause no substantial change in the water surface 
elevation on the right bank upstream of approximately RM 6.1; however, the model results 
indicate a potential increase in the water surface elevation at the upstream end of the 
floodplain wetland adjacent to approximate RM 6.0 (point A, Figure 2). The preliminary 
modeling was under review and yet to be validated at the time this report was prepared. 
However, refinements of the project conceptual design will be made under a separate 
contract to address areas of any increased flood hazard indicated by hydraulic modeling and 
thereby meet project Goal 2.

Additional modeling conducted for the project as design refinements proceed will consider 
partial and full avulsion scenarios of the White River into the restored left bank floodplain to 
better characterize the range of geomorphic and hydraulic conditions for the final design. 
Conceptual level model results available to date do not provide the detailed level of hydraulic 
information necessary for final design and the evaluation of the proposed ELJs, biorevetment, 
and bank roughening structures for the peak design flows they could be subjected to.
Although sediment deposition in the floodplain will reduce flood storage over time, shifting 
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deposition to the floodplain area is expected to reduce sediment delivery to the White River 
channel and downstream reaches, where aggradation has increased the flood hazard.

Channel Avulsion, Bank Erosion, and Natural Wood Debris 
Accumulation 

Gravel bar development at the upstream inlet to the restored floodplain and the subsequent 
reduction in flow velocities in the White River near the inlet, as flows enter the floodplain 
wetland, could promote the formation of one or several natural logjams in the White River. If 
this occurs, the mainstem channel could be partially or fully blocked, thereby forcing a 
partial or full avulsion of the White River into the wetland. The avulsion could occur at the 
wetland inlet (at approximate RM 5.95) (Figures 2 and 3) and/or possibly downstream of the
mature deciduous forest at approximate RM 5.5 (Figure 2) and result in the abandonment of 
all or part of the mainstem channel along the project reach. A channel avulsion into the 
wetland could potentially focus flows along the left bank terrace of the wetland. Natural 
logjam formation in the mainstem channel could also deflect flow towards the right bank and 
increase flood and erosion-related hazards along private property and existing infrastructure.

Woody debris recruited from upstream and within the floodplain wetland could accumulate on 
the proposed ELJ structures. Wood accumulations that become unstable (i.e. are mobilized 
during higher flows) would be released from the structures and delivered downstream during
flood events. Wood transported out of the restored floodplain and back into the White River 
channel could accumulate on the center piers or abutments of the 8th Street Bridge and 
potentially increase the flood and scour-related hazards at the bridge. A wood study 
conducted by King County is assessing wood delivery to the project reach from upstream and 
wood accumulation, recruitment, and export from the project site (King County 2011). The 
scenario modeled in the wood study assumes a full avulsion of the White River into the 
setback area. Preliminary results of the wood study indicate an increase in wood flux 
downstream of the project site for the first year following an avulsion and a net reduction in 
wood flux downstream of the project site thereafter due to a net accumulation and storage of 
woody debris in the levee setback area.
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PPROJECT CONSTRAINTS AND OPPORTUNITIES 
A list of potential project constraints and opportunities associated with levee removal and ELJ 
construction was developed during a workshop attended by staff from Herrera and the 
County. Project constraints can include various physical, economic, regulatory, and cultural 
issues that present a barrier to the achievement of the project goals and objectives. 
Opportunities represent ideas that provide additional project benefits, eliminate a project 
constraint, or allow the project goals to be met within these identified constraints. The 
various constraints and opportunities identified for this project are described in the following 
sections.

Constraints 
Project constraints will limit the development, extent, and efficacy of the flood hazard
reduction improvements and salmon recovery that can be accomplished with the Countyline 
project. The effectiveness of the project in achieving its goals and objectives will be limited 
by the constraints identified below.

Physical (habitat, geomorphic, and geologic) 
The project area encompasses a large forested wetland in the area of a former 
channel that would likely be re-activated under proposed conditions. Construction of 
ELJs in the wetland would disturb portions of the wetland during construction and
require filling of smaller areas of the wetland within the footprint of the structures. 
These impacts would be self-mitigated by the off-channel habitat created by the 
project.

The wetland encompasses several areas that are perennially inundated, while other 
areas have groundwater within 1 to 2 feet of the ground surface based on groundwater 
data collected by the County. Access into the wetland to complete geotechnical 
investigations, other site assessments, and to construct ELJs will be constrained by 
water levels and the extent of vegetation. Anchoring of ELJs will be constrained by the 
characteristics of the alluvial soils underlying the wetland soils, with gravely soils 
allowing pile driving and coarser substrate possibly requiring pre-drilling to allow pile 
installation.

The project will substantially reduce existing standing water habitat and convert these 
areas to flowing water habitat, which is likely to have negative effects on amphibian 
breeding and some wildlife use.

The risks associated with the flooding and geomorphic hazards previously summarized 
may constrain some of the project elements, including the extent of levee and bank 
armoring removal, levee setback design, and the location and number of ELJ 
structures.
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Infrastructure, Property, and Public Safety 
Hydraulic and sediment transport modeling will be completed to evaluate potential 
flood levels and bed erosion or deposition that can be expected upstream of the inlet 
to the restored floodplain along the remaining levee and upstream to the BNSF Bridge. 
The extent of levee removal and placement of engineered structures may need to be 
modified if modeling results indicate an increase in flood and/or scour-related hazards
to the BNSF Bridge, other infrastructure, or private property. 

Proximal and upstream wood recruitment, onsite wood accumulation, wood export
from the project site, and associated hazards at the 8th Street Bridge will be 
evaluated during the project design phase using results of the wood study (King County 
2011). The outcome of that evaluation may constrain the location, size, architecture, 
and number of ELJs constructed near the river channel, within the wetland, and along 
the left bank terrace. The project will need to be designed such that wood export 
from the project site does not increase hazards to public infrastructure such as the 8th

Street Bridge. The project will include appropriate monitoring to evaluate future 
maintenance measures that may be needed to address adverse flow conditions caused 
by natural wood accumulations and affecting the project structures or adjacent public 
infrastructure (i.e. 8th Street Bridge) 

Private property on the terrace bordering the floodplain wetland must be protected 
from bank erosion and channel migration with the construction of the proposed 
biorevetment and bank roughening structures. In order to minimize wetland impacts 
and construction costs, the proposed structures must be constructed along the terrace 
edge bordering the east side of the floodplain wetland.

The floodplain wetland is currently bordered by public and private property. As of this 
writing, the County has not yet acquired all properties needed to construct the project 
as illustrated by the current conceptual plan. Land rights are needed including 
property acquisition in fee or permanent easements for project construction and site 
management over time, as well as temporary rights of entry for more immediate 
access to the site for data collection.

The Right Bank project is being planned primarily for flood hazard reduction in an area 
heavily used by the public and adjacent to a developed residential community. The 
Right Bank project design process is in its initial stages at this time. The design of both 
projects should remain coordinated as much as possible so that both projects are 
compatible with the other with respect to flood-related hazards to the surrounding 
public property, private property, and infrastructure.

Coordination with numerous project stakeholders will be necessary for project 
success. Stakeholders include landowners, Pierce County, City of Pacific, City of 
Sumner, Muckleshoot Indian Tribe, Puyallup Tribe of Indians, Salmon Recovery Funding 
Board, and Natural Resource Damage Assessment Project Potentially Responsible 
Parties (PRPs) and its Trustees, in addition to local, state, and federal permitting 
agencies.



June 2011

Draft Concept Development and Pre-Design for Engineered Logjam and Biorevetment Structures 15

Project planning will need to consider river recreational use and follow established 
County procedures for considering public safety when placing large wood in King 
County rivers.

Project Funding, Schedule, Permitting, and Regulatory Issues 
Preliminary construction costs for the Countyline project are estimated by King County 
to range from approximately $6,000,000 to $7,000,000, with approximately $3,211,000 
of this total allocated for the ELSs. Preliminary construction costs for the ELS
structures (as shown on Figures 2 and 3, Appendix A) estimated by Herrera are 
approximately $4,480,000. This cost, which includes a 30% contingency and 9.5% tax, 
is conservatively high to account for unknowns (i.e. subsurface conditions, flow 
characteristics and assumed construction methodologies) that will be determined 
during the final design phase. If the expected construction cost of the ELSs cannot be 
reduced as design proceeds, alternative design elements will need to be considered to 
utilize available funding. 

The setback levee must be in place, and the left bank of the wetland terrace must be 
protected prior to levee removal. Construction of the setback levee and revetment is 
estimated to require approximately 3 to 6 months depending on work production rates 
and the allowable construction timing for in-water work dictated by project permits. 
As a result, two separate construction phases (carried out over two summer 
construction seasons) will be necessary: one to construct the setback levee and 
revetment along the wetland terrace on the left bank, and one to remove the existing 
levee. Construction of ELJs in the floodplain wetland can be completed during either 
construction period, but will be constrained by the permitted work windows.

Several local, state, and federal permit approvals will be required for the Countyline 
project. Depending on the extent and type of the construction actions, the type and
number of permits required may vary. Review times for permit applications will affect 
the project schedule. The following permits and approvals may be necessary based on 
the current conceptual plan. 

At the local level, State Environmental Policy Act (SEPA) compliance will be necessary. 
Other permits and approvals at the local level from the cities of Sumner and Pacific 
and Pierce County could include a Floodplain Development Permit, Shoreline Permit, 
Clearing and Grading permit, Critical Areas review, and compliance with compensatory 
storage requirements for fill placed in the floodplain in relation to the setback levee. 

At the state level, a Hydraulic Project Approval (HPA) will be necessary from the 
Washington Department of Fish and Wildlife (WDFW) for work waterward of the 
ordinary high water mark (OHWM) of the river and floodplain wetland. The Washington 
State Department of Ecology (Ecology) may require a Clean Water Act Section 401 
Water Quality Certification for work occurring in wetlands. In addition, a National 
Pollutant Discharge Elimination System (NPDES) permit will be required by Ecology if 
there is more than one acre of earth disturbance associated with construction activity. 
An Aquatic Use Authorization from the Washington Department of Natural Resources 
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(WDNR) will not be necessary for work along the shores of the White River because the 
river is not within WDNR jurisdiction.

At the federal level, a Clean Water Act Section 404 Permit from the U.S. Army Corps 
of Engineers (Corps) is anticipated for work waterward of the OHWM and within 
regulated wetlands. Necessary approvals associated with the Corps permit include 
compliance with the Endangered Species Act (ESA) and Section 106 of the National 
Historic Preservation Act (NHPA). 

Several potential studies and environmental documentation will be necessary to 
support permits such as critical areas reports, a SEPA Environmental Checklist, a 
Conditional Letter of Map Revision (CLOMR) from the Federal Emergency Management 
Agency (FEMA), King and Pierce counties, cities of Sumner and Pacific
floodplain/floodway review, geological assessments, geotechnical investigations, 
cultural resources assessments, and recreational use assessments. A Biological 
Assessment (BA) for ESA compliance will not be necessary because it is anticipated the 
project will use the U.S. Army Corps of Engineer’s Programmatic BA for Restoration 
Actions in Washington State (2008).

Opportunities 
Multiple opportunities were identified as integral to achieving the project goals and 
objectives within the constraints summarized above.

Large, mid-channel ELJs can be positioned within the floodplain wetland in locations 
where a channel is anticipated to form, thereby providing opportunities for long-term 
wood accumulation and storage. Following levee removal, a channel avulsion into the 
wetland may occur at several locations; therefore, these ELJ types can be designed 
and positioned to allow flow to hit the structure from a large range of angles and to 
encourage formation of side channels. These ELJ types can also be placed to deflect 
flow away from the left bank and to split flows near the downstream end of the 
project. These hydraulic effects will dissipate energy as the flow re-enters the existing 
White River channel.

Levee removal alone (without the construction of numerous ELJs) will provide 
salmonids access to the off-channel habitat within the large floodplain wetland and
accomplish several of the County’s habitat objectives. Disturbances and costs 
associated with ELJ construction in the wetland can be reduced by installing only the 
ELJs necessary to maintain or reduce geomorphic hazards due to the project. These 
ELJs will also provide additional fish habitat and meet the County’s habitat objectives 
for the project.

The boundary formed by the left bank of the wetland is highly irregular in plain view, 
with certain areas more or less prone to bank erosion because of their orientation with 
the direction of anticipated high flow velocities or shear stresses. Other areas located 
in the lee of terrace promontories may experience relatively lower (and less-erosive) 
flow velocities and shear stresses. The more-robust biorevetment can be placed along
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more erosion-prone areas, and less robust (and much less expensive) roughening 
structures can be placed along areas less prone to bank erosion.

The constructability of ELJs within the wetland can be improved if water levels can be 
lowered to within a foot or two above the ground surface prior to construction. The 
water surface elevations of the river and wetland during the proposed construction 
period need to be compared to assess the influence of groundwater seepage and to 
determine the feasibility of this proposal. If feasible, water levels may be lowered by 
removing the existing culvert and grading an outlet channel near the downstream 
extent of the project (at approximate RM 5.1) and possibly by notching the remnant 
berms. This work could occur during removal of the downstream portion of the left 
bank levee and by installing temporary flow diversion measures (if necessary) around 
the outlet channel opening near the adjacent river bank to ensure river flow does not 
enter the wetland prior to completing construction of the structures and levee 
removal. Regardless of when the structures are built, removal of the downstream 
portion of the levee will naturally allow water to flow from the wetland back into the 
White River when water levels in the river are lower than in the wetland, thereby 
lowering water levels in the wetland during construction. Therefore, sequencing of 
structure construction, levee removal, and some lowering of surface water levels in 
the wetland can be developed to improve structure constructability and to minimize 
structure costs and habitat impacts. Structure constructability can also be evaluated 
by assessing seasonal surface and groundwater depths using the County’s piezometric
data.

Removing a large portion of the existing left bank levee and establishing access to ELJ 
construction sites in the floodplain wetland will require removing a large quantity of 
trees and shrubs. This woody material can be incorporated into the ELJ structures, 
biorevetment, and bank roughening structures to reduce the need for imported woody 
material, which in turn reduces construction costs. 

Additional reductions in construction costs can be realized by using levee removal 
spoils as backfill material in the ELJs. This material is likely ideal for this function 
because of the anticipated course gradation, which improves structure longevity and 
factors of safety against structural deformation. Test pits and evaluation of materials 
in the existing levee will need to be conducted to confirm that levee removal spoils 
can be reused.
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SSTRUCTURE DESIGN ASSUMPTIONS AND 
DESCRIPTIONS 
Herrera completed conceptual designs for four ELS types: an apex (mid-channel) ELJ, a bank 
deflector ELJ, a biorevetment structure, and a bank roughening structure (Figures 2, 3, 4, 
and 5, Appendix A). Each structure type was developed to perform specific functions at the 
location where it may be located. 

The conceptual designs for the structures discussed herein were developed based on the 
following factors: 

The project habitat and flood hazard reduction goals and objectives discussed 
previously, 

Approximate project construction budget provided by the County, 

Preliminary geotechnical and groundwater data provided by the County,

Conceptual plans for the Right Bank project, and 

Preliminary hydraulic and sediment transport model results.

Although detailed structural stability and scour calculations were not completed for the 
various structure types, flow velocities and depths anticipated to occur within the project 
site were used to provide a general understanding of scour depths that may occur at the 
different ELJ types based on scour analyses performed for previous projects in similar riverine 
environments. As previously discussed, the structure concepts were developed assuming a full 
mainstem avulsion into the left bank floodplain. Flow velocities in the restored floodplain are 
expected to be less than velocities simulated within the confined reach of the White River in 
the hydraulic model due to roughness created by existing vegetation and the proposed ELJs, 
and due to the larger and unconfined flow conveyance area within the wetland.

The design objectives for the structures include minimizing the concentration of flow and 
reducing the angle of flow into the biorevetment and setback levee, encouraging channel 
complexity and side channel formation, minimizing construction disturbance within the 
wetland, and increasing floodplain roughness to achieve these other objectives.

Design Assumptions 
The following general design assumptions were used to develop the concepts of the four 
proposed structure types:

Full avulsion of the White River into the left bank floodplain wetland, subjecting 
structures to mainstem flow conditions. As discussed in previous sections, a full 
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avulsion into the wetland could occur; therefore, the structures will need to be 
designed to withstand mainstem flow conditions.

Maximum scour depths ranging from 20 to 25 feet. This range is based on results of 
multiple scour analyses completed by Herrera for previous ELS design projects, where 
structures were subjected to flow depths and velocities similar to those anticipated to 
occur within the wetland if a full or partial avulsion were to occur.

Peak flow velocity of approximately 10 feet per second (ft/s). This value is based on 
the results of the proposed conditions hydraulic modeling completed by Herrera and 
NHC (2011), which indicated flow velocities of approximately 10 to 15 ft/s occurring in 
the existing White River for a maximum flow rate of 15,253 cubic feet per second (cfs) 
that was included in the simulation. Following a full avulsion of the White River into 
the wetland, flow velocities through the wetland are expected to be less than 
velocities simulated within the confined reach of the White River in the hydraulic 
model due to roughness created by existing vegetation and the proposed ELJs, and due 
to the larger and unconfined flow conveyance area within the wetland compared to 
the existing White River. The flow rate of 15,253 cfs is slightly less than the 50-year
(15,400) and 100-year (15,600 cfs) return interval floods for the White River at the 
project site. The 100-year flow was not simulated by Herrera and NHC; however, 
because there is only 200 cfs difference between the 50-year and 100-year flows, the
velocities associated with the maximum flow simulated (15,253 cfs) are within the 
anticipated range of velocities that could occur during the 100-year flow, which is the 
typical design flow rate referenced when designing engineered structures that are to 
be placed in or near rivers. 

Maximum flow depth in the wetland of approximately 10 feet. This value is based on 
the results of the proposed conditions (levee removal only) hydraulic modeling 
completed by Herrera and NHC (2011) for a flow of approximately 15,000 cfs, which 
indicated flow depths in the wetland of approximately 10 feet.

Possible localized aggradation of up to 4 feet (to be determined during final design) at 
the location of the proposed ELJs, based on preliminary results of sediment transport 
modeling.   

Subsurface conditions consisting predominately of mixtures of sand, silt, and some 
gravel extending to the anticipated pile embedment depth of 35 to 50 feet below 
existing grade. This assumption is based on the logs for borings completed on the top 
of the terrace along the edge of the wetland by King County (2010), the locations of 
which are illustrated in Figure 2.

Water conditions during construction of the ELSs that include the following: Surface 
water at or above the ground surface, or groundwater within 1 to 2 feet of the ground 
surface, within the setback area to the toe of wetland terrace bank, but not including 
the surface of the wetland terrace. This is based on Herrera’s observations of the site 
during the May 2010 site investigation with County staff and groundwater elevation 
data for the months of June through September 2009 provided by the County for four 
piezometers installed within the wetland.
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Structure Descriptions 
Four ELS types are proposed for this project: apex (mid-channel), bank deflector, 
biorevetment, and bank roughening structures (Figures 4 and 5, Appendix A). An apex ELJ is a 
large robust engineered structure that resembles a natural stable accumulation of large logs 
in the middle of a channel with a large gravel bar that has developed immediately behind the 
logs on the downstream side. A bank deflector ELJ is similar to the apex ELJ except the 
structure is embedded into a channel bank similar to a natural stable accumulation of large 
logs along a channel bank. The biorevetment structure is a series of individual engineered 
structures, each consisting of several logs arranged in a manner to create a very roughened 
and robust wall that armors the bank. A bank roughening structure is a series of individual 
engineered structures, each consisting of a few logs that protrude from the bank into the 
channel to provide a roughened surface, but does not provide the level of protection against 
the high flow velocities and shear stresses that would be resisted by the biorevetment 
structure.

All four structure types are engineered to resist hydraulic loads from impending flow and the 
buoyant forces on the wood material when the structure is submerged. All four structure 
types vary in size and complexity, but all consist of a matrix of multiple layers of horizontally 
oriented large “key” logs (with and without attached rootwads) that are secured in place by 
vertical timber piles embedded well below the anticipated scour depth, and by ballast 
material (i.e. native bank material, river alluvium, or imported rock) placed over and around 
the key logs within the interior core of the structure. The key logs protrude from the 
waterward face of the structure and function to secure racking and slash material (described 
below), to accumulate wood debris, and to deflect flow around the waterward sides of 
structure.  

The structural stability and resistance of the four proposed structure types to hydraulic loads 
would be achieved with the use of vertically placed timber piles. The piles would serve as the 
foundation for placing interlocking key logs, racking logs, slash, and ballast material. For each 
proposed structure, it is assumed that timber piles will be embedded vertically below the 
channel bed and extend above the top of the structure. The piles would be designed to resist 
lateral and uplift forces, provide an anchored network for securing the key structural wood 
members, and provide a stable framework around which the structure may settle. The piles 
would also maintain the general architecture of the as-built structure. Horizontal key logs 
extending waterward from the structure interior core would be placed or secured (by virtue 
of position, fasteners, or ballast) against the piles to transfer hydraulic loads to the piles, 
resist lateral and uplift forces, provide large-scale hydraulic roughness, catch floating woody 
debris, secure woody slash and racking material that prevents straining of flow through the 
structure core, and serve as a platform matrix for the log ballast and structure backfill
material. The use of fasteners (e.g., chain, cable, or steel pins) will be determined during the 
final design phase and should be based on the type of ballast material used for backfilling 
over the logs after consideration of any hazards to the 8th Street Bridge.

The boring logs completed by the County (King County 2010) indicate subsurface conditions 
along the east perimeter of the wetland terrace consist predominantly of sand and silt, with 
minor amounts of? Gravel, to depths of up to 50 feet below the terrace surface, which will 
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likely allow the timber piles to be installed using traditional pile driving techniques. Soil 
borings proposed within the wetland were not completed by the time of this report; however, 
general subsurface conditions are likely to be similar to those along the terrace perimeter, 
but may be slightly coarser within the upper zone because of the coarser alluvium deposited 
along the historical Stuck and White River channel alignments within the wetland. Driving 
timber piles into thick beds of cobbles and large compacted gravels is often difficult without 
damaging the piles; therefore, if subsurface conditions in the wetland indicate that driving of 
timber piles in not feasible, then pre-drilling through the alluvium may be necessary to install 
the piles to the required embedment depth. Alternatively, steel H-piles or pipe piles may be 
considered if pile driving or pre-drilling for placement of timber piles is not feasible from a 
constructability standpoint or is cost prohibitive. Steel piles are typically easier to drive 
because of their smaller cross sectional area compared to a timber pile, but material costs for 
steel piles are typically more than timber piles, resulting in a greater overall cost for steel 
pile installation. Steel piles were not considered at this time for the structure concepts 
presented in this report based on the County’s request to maximize the use of natural 
materials (i.e. wood and native alluvium from ELJ excavations and levee and revetment 
removal spoils).

For the apex, bank deflector, and biorevetment structures, racked wood material would 
comprise the upstream and waterward external faces of the structures, giving them the 
appearance of a large tangle of densely packed logs. The racking material is important for 
minimizing flow piping and straining through the structure and absorbing the erosive forces of 
the impinging water before contact with the internal backfilled alluvium ballast is made. The 
racking material would thereby prevent the interior of the structure from destabilizing. For 
the apex ELJs, prevention of flow straining is also important for the safety of recreational 
users of the river. For the apex, bank deflector, and biorevetment structures, layers of wood 
slash would be placed around the outside periphery of the structure at the interface of the 
interior ballast material and the exterior piles, key logs, and racking material. Slash would be 
placed with every layer of key logs and racking to fill voids between the racking, key logs, 
and piles. This slash material would act as a curtain between the interior ballast and the key 
logs, helping to keep the interior alluvium intact by significantly limiting water piping into 
and through the structures until the vegetation cover and root cohesion is established along 
the outer surfaces of the structure. Racking and slash material is not proposed for the bank 
roughening structures because these structures are meant only to provide additional bank 
roughness and flow deflection in relatively low flow velocities areas; however, it could be 
added during the design phase of this project if the need is substantiated.

Apex (Mid-channel) and Bank Deflector ELJs 
Apex ELJs are large, robust engineered structures that would be located landward of the 
existing left bank levee and within the wetland (Figures 2, 3, and 4, Appendix A). Their 
primary functions are to provide natural, erosion-resistant hard points within the wetland to 
diffuse flow energy, prohibit flows from becoming fixed along the left bank, split flows to 
create multi-channel complexes that enhance habitat, provide large scale roughness within 
the wetland, engage existing side channels and encourage side channel formation, provide 
pool habitat and substrate for benthic communities, and provide opportunities for wood 
debris accumulation. Flow may hit these structures from several directions upstream; 
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therefore, the wood face of the apex ELJs affords approximately 180 degrees of possible 
angle of attack to maximize effectiveness in influencing flow and protecting the ELJ itself 
from erosion.

At the north end of the wetland near the upstream terminus of the levee removal extents, 
the concept design includes three apex ELJs (ELJs 1, 2, and 3) positioned along the left bank 
side of the relic channel within the wetland. These ELJs would engage flows entering the 
wetland from the northwest and are oriented to deflect flows away from the left bank and 
private property to the east until flows establish a general southwestern direction through the 
wetland. At the south end of the wetland and upstream of the future confluence with the 
existing White River channel, three apex ELJs (ELJs 4, 5, and 6) are positioned within the 
wetland to deflect flows approaching from either directly upstream within the wetland, or 
from the left bank of the existing White River channel, away from the left bank of the 
wetland terrace. These ELJs are also positioned to split and diffuse flow re-entering the 
existing White River channel. These ELJs would reduce the potential for concentrated flows 
being directed towards the right bank of the river. Final placement and orientation of the six 
apex ELJs shown in Figures 2 and 3 (Appendix A) is preliminary and will be refined during the 
final design phase pending results of hydraulic and sediment transport modeling.

If project construction funds can accommodate additional structures, two apex ELJs could 
also be located within the central portion of the wetland (shown as optional apex ELJs in 
Figures 2 and 3, Appendix A) to provide additional flow deflection. These additional apex ELJs 
are not critical to protecting the left bank or the right bank and would primarily provide 
additional habitat benefits, hydraulic complexity, and opportunities for woody debris 
accumulation. Alternatively, strategically placed rows of piles could be installed near the 
County boundary line within the wetland to collect debris in lieu of the optional apex ELJs to 
encourage natural log jam formation, floodplain roughening, and habitat creation and to 
reduce the potential for significant impingement of flow against the biorevetment. Upon 
accumulating woody debris, scour associated with the increased drag could destabilize the 
row of piles and release woody debris into the White River. This option is not shown on the 
concept figures, but was discussed with the County, as this technique has been applied 
successfully in other river projects and may warrant further consideration during the final 
design phase. 

Preliminary drafts of the proposed structure layout provided to the County showed several 
bank deflector ELJs along the eastern perimeter of the wetland terrace. The bank deflector 
ELJs were removed from the final conceptual design due to preliminary construction budget 
limitations and because adequate bank protection can be accomplished using the engineered 
biorevetment and bank roughening structures described below. Details of the bank deflector 
ELJs are provided in Figure 4 (Appendix A). 

Engineered Biorevetment and Bank Roughening Structures 
These structures are placed along the entire left (east) bank of the wetland terrace in the 
concept design (Figures 2, 3 and 5, Appendix A). Because the alignment of the entire left 
bank is highly irregular, the possibility of flow becoming fixed along the entire left bank is 
considered low, and thus bank protection can be accomplished using a combination of 
biorevetment and bank roughening structures instead of the larger bank deflector ELJs. Their 
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primary functions are to provide continuous bank protection and flow deflection along the 
left bank of the wetland terrace. The biorevetment structures are designed to be much more 
robust than the bank roughening structures and thus would be placed where high velocity 
flows may become fixed along the more exposed and protruding segments of the left bank 
and adjacent to private property and infrastructure. These locations, which are where the 
biorevetment structures are to be located, occur between control points A and B, C and D, E 
and F, and F and G on Figures 2 and 3 (Appendix A). The bank roughening structures are less 
robust and thus would be placed where flow velocities are anticipated to be lower, such as in 
the hydraulically protected areas in the lee of a protruding “arm” of the left bank. These 
locations, which are where the bank roughening structures are to be located, occur between 
control points B and C, and points D and E on Figures 2 and 3 (Appendix A).

Both structure types would provide continuous bank protection by adding roughness to reduce 
flow velocities and channel shear stresses along the bank. Key logs for each structure are 
oriented to provide an irregular face that would deflect flows away from the bank along any 
one segment to minimize the potential of flow becoming fixed along the bank. These 
structures would provide opportunities to accumulate wood debris during floods, which would 
further deflect flows away from the bank. Additional wood accumulations in proximity to 
these structures enhance their function to buffer erosive flows and would provide pool 
habitat and substrate for benthic communities. The tops of the structures would be planted 
with native vegetation to restore riparian functions along the top of bank and to provide root 
cohesion for additional stability and strength along the terrace edge.
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RRECOMMENDATIONS FOR FINAL DESIGN 
DEVELOPMENT 
The proposed ELJs should be designed to achieve a minimum factor of safety (FS) against 
vertical buoyancy and lateral forces for a specified hydraulic flood event. Buoyant forces are 
directed upward on submerged wood and are equivalent to the weight of the water displaced 
by the volume of submerged wood. Lateral forces on the piles include earth surcharge loads 
due to backfilling the structure and hydraulic drag loads applied to the key logs projecting 
waterward of the structure that are transferred to the piles.

Recommended Design Criteria and Analyses 
Based on discussions with County staff while developing the structure concepts and based on 
experience with comparable projects that are performing well, the following summarizes the
recommended design criteria for finalizing the design of the four proposed structure types:

100-year flow design event as basis for estimating scour depths and calculating 
hydraulic loads on structures

Maximum anticipated aggradation depth for the design life of the structure

Structure buoyancy: FS of 2.0 to account for uncertainty in retention of ballast 
material over the service life of the structure.

Pile overturning (pullout): FS of 1.3 to 1.5 for the 100-year flow event based on 
previous, similar projects that met performance standards after enduring large flood 
events.

Pile failure due to bending and shear: FS of 1.3 to 1.5 for the 100-year flow event 
based on previous, similar projects that met performance standards after enduring 
large flood events.

As previously described, a full avulsion of the White River into the left bank floodplain 
wetland could allow the full force of the 100-year flow design event to interact with all of the 
proposed ELSs in the floodplain. Flow depths and velocities resulting from this scenario should 
be developed during the project design phase and should assume a full avulsion of the entire 
White River into the wetland to provide conservative estimates of peak hydraulic conditions.

To evaluate pile overturning and bending, scour calculations should be completed to provide 
an estimate of the probable vertical exposure of the embedded piles during the design flow 
event. Apex ELJs should be evaluated for pier scour and abutment scour using appropriate 
scour equations in published guidance documents. The results of the scour calculations should 
be evaluated and used to complete a subsequent pile analysis. Abutment scour calculations 
should be focused on assessing scour over approximately the outer 1/4 to 1/3 of the apex ELJ 
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structure since this part of the structure mimics bridge abutments. Pier scour calculations 
should be focused on assessing scour along the entire face of the ELJ. The biorevetment and 
bank roughening structures should be evaluated for abutment scour assuming flow is fixed
along the face of the structures, and for bend scour for flow that has a measurable radius of 
curvature but does not necessarily encounter an abutment-type blockage.

To assess the feasibility of driving timber piles into the wetland soils and the underlying 
alluvium, the County should complete a wave equation analysis program (WEAP) analysis. 
Input parameters should be developed based on results from the County’s geotechnical 
investigation for borings located within the wetland and along the left bank where the 
biorevetment and bank roughening structures are proposed.

A pile analysis should be completed to evaluate shear and bending stresses and pile 
overturning. This could be accomplished using the software program LPile. The County should 
develop the geotechnical parameters from the subsurface investigations performed for the 
project. Standard input parameters needed for evaluation in alluvial (non-bedrock) 
environments that should be obtained and used in the LPile analysis include, but are not
limited to, the following: 

Recommended load vs. displacement (p-y) curve type soil model (e.g. Reese Sand) for 
the applicable subsurface conditions.

Soil unit weight and average effective unit weight 

Soil internal friction angle

Soil modulus parameter (i.e., the initial tangent modulus of the p-y curve or k value in 
pounds per cubic inch)

The soil strain parameter (E50).

Preliminary Construction Costs and Assumptions 
Herrera developed preliminary construction costs for the proposed ELSs (Table 1). Detailed 
construction cost estimates for the individual structure types are included in Appendix B. The 
preliminary construction costs, which include a 30% contingency and 9.5% sales tax, are 
conservative to account for assumed construction methods and unknowns, including 
subsurface conditions and flow characteristics at the structures, which will be much better 
understood during the final design phase. Unit prices incorporated in the cost estimates may 
decrease as additional information becomes available during development of the final design. 
In addition, as project costs are refined, the structure design (number of structures and 
structure architecture) can be modified as needed to accommodate the available construction 
budget, while meeting the other project goals. The following discussion focuses on the major 
factors that will influence the costs of the various structure types.

Several design and construction assumptions were made while developing the preliminary 
construction costs to provide the County with conservative planning-level estimates for 
project budgeting purposes. Apex ELJs constructed within wet environments (i.e., within the 
middle of the wetland) will require more labor, material, and equipment use than those 
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constructed on higher and dryer ground due to the need for more intensive water 
management, potentially greater difficulty in setting logs in the base of the structure, and 
need for more water quality protection measures. Thus, the “wet” apex ELJs will likely have 
a higher unit cost than “dry” apex ELJs. Apex ELJs 2, 3, 4, 6 and the two optional apex ELJs 
are considered “wet” structures because they are within the wetland; apex ELJs 1 and 5 are 
considered “dry” structures because of their close proximity to the left bank levee along the 
White River, and because the existing grade at their location is 2- to 4-feet higher than that 
of their adjacent “wet” structures. The biorevetment and bank roughening structures are 
considered “dry” structures because they will likely be constructed from the bank, the base 
of the structure does not need to be keyed in well below the toe of bank, and the work area 
isolation and water management needed per structure is anticipated to be less intensive than 
that needed for the “wet” apex ELJs. Unit costs developed for “wet” apex ELJs assumed that 
the additional water management measures would add approximately 15 percent of total 
structure construction cost to the unit cost of each structure. Water management costs for 
“dry” apex ELJs, as well as the biorevetment and bank roughening structures were assumed 
to account for only 5 percent of the total structure construction cost.

Table 1.
Summary of preliminary construction costs for the engineered log structures.

Item 
No. Item Description Qty Unit Unit Cost Total Cost

1 Apex ELJ (dry location) with driven piles 2 EA $150,000 $300,000

2 Apex ELJ (wet location) with driven piles 4 EA $164,000 $656,000

3 Bank deflector ELJ with driven piles 0 EA $136,000 –

4 Robust biorevetment with driven piles 3,750 LF $470 $1,762,500

5 Bank roughening with driven piles 1,440 LF $190 $ 273,600

6 Mobilization and additional TESC/water 
management (assumed 5% of construction)

1 LS $144,000 $150,000

Construction Subtotal $3,142,100

Contingency (30%) $ 942,630

Subtotal $4,084,730

Sales Tax (9.5%) $388,049

Total with Contingency and Tax (rounded to nearest $10,000) $4,480,000

Notes:
1. Costs for optional apex structures, as shown on Figures 2 and 3 in Appendix A, are not included in the above summary.

2. Bank deflector ELJs are not proposed in the final conceptual design due to overall cost effectiveness of having one continuous 
biorevetment without bank deflector ELJs, as the biorevetment is considered adequately robust unto itself. Unit costs for 
bank deflector ELJs are included in the above summary for reference only in the event these structures are deemed 
appropriate during the final design phase.

3. EA – each (i.e. number of structures)

4. LF – lineal feet (i.e. length of bank protected by structure)

5. LS – lump sum for work item(s)

Coarse alluvium is necessary to complete backfilling of all apex ELJs. For these structures, 
the fine-grained material excavated at each structure location is assumed to be insufficient 
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for backfilling because it would be highly susceptible to erosion by overtopping flood flows. 
Therefore, the unit cost for each apex ELJ included in Table 1 assumes 50% of the backfill 
material would consist of an imported mixture of sand, gravel, and cobble, and the remaining 
50% of the backfill material would be obtained from the existing levee removal spoils (which 
are assumed to consist of a mixture of sand, gravel, cobble, and boulders). The County 
indicated levee removal spoils will be available for constructing the apex ELJs if the 
structures are built during either the first or second year of construction. All levee spoils used 
in the apex ELJs will likely need to be temporarily stockpiled onsite prior to placement in the 
structure, which adds additional material handling costs for each structure. Native spoils 
produced while constructing the biorevetment and bank roughening structures should satisfy 
backfilling requirements for those structures; thus, no additional imported material was 
assumed to be required since these structures will be built into the existing bank.

As described previously, all of the conceptual structure designs include timber piles 
embedded in alluvium below the existing wetland ground surface. The unit costs for all 
structures types included in Table 1 assume that piles will be driven using industry standard 
pile driving means and methods. This assumption is based on ELJ construction projects 
designed by Herrera and constructed by King County and Seattle Public Utilities in 2008 and 
2009 on the Tolt River, where timber piles were driven into substrate containing sand, 
gravels, silt, and some cobbles, which is the general subsurface condition anticipated to be 
encountered in the Countyline project area based on geotechnical data for the project site 
(Shannon & Wilson 2009, King County 2010). Following completion of all site geotechnical 
investigations and the County’s completion of the WEAP analysis, the feasibility of driving 
piles should be determined. If pile driving is not feasible for some or all the structures, then 
the alternative means and methods of installing the timber piles should consider casing and 
drilling pilot holes (shafts) into the alluvium to allow pile placement. If casing and drilling is 
required for the apex ELJs, then structure unit costs can increase from $15,000 to $50,000 (or 
1.5 to 3.0 times the cost of pile driving) depending on subsurface conditions. The unit cost 
can be expected to rise with coarser substrate. If casing and drilling is required for the 
biorevetment structures, then unit costs can increase from $7,000 to $18,000 (or 4 to 6 times 
the cost of pile driving) depending on subsurface conditions. Unit costs for constructing apex 
ELJs and the biorevetment structure with casing and drilling are also included in Appendix B. 
If more expensive pile installation is necessary, either the structure architecture should be 
revised or the number of structures reduced to remain within the County’s construction
budget. Alternatively, the feasibility of installing steel H-piles or steel pipe piles could also be 
investigated during the final design phase. Structure concepts and costs presented in this 
report did not consider using steel piles.

The unit costs for all structures types included in Table 1 do not include costs for optional log 
ballast such as riprap, because design assumptions were based on assuming imported gravel 
and cobble mixtures and levee removal spoils would provide adequate ballast and resistance 
to erosion. Based on the final architectural configuration and location of the structures, the 
pile and buoyancy analyses, hydraulic modeling results, the acceptable factor of safety for 
structure failure, and the type and gradation of proposed backfill material, these structures 
may include the placement of riprap to provide additional ballast over the logs. The 
placement of riprap, either loosely placed or in the form of strategically placed tethered rock 
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anchors to increase the factor of safety against log and ballast mobilization, can increase the 
unit cost from $1,500 to $5,000 for the biorevetment and up to $22,000 for each apex ELJ. 
Although the unit cost for placement of tethered rock anchors is significantly higher than that 
of loosely placed material ($70 to $90 per ton versus $20 to $40 per ton), typically the volume 
(or tonnage) of material needed for anchor placement is much less than that of loosely placed 
material and thus results in overall reduced cost for imported material.

ELJ Construction Recommendations and Timelines 
The County intends to construct the project over the span of two construction seasons (two 
years). Prior to levee removal, the left bank of the floodplain wetland should be protected 
and the setback levee in place to minimize erosion and flood hazards along adjacent private 
properties that could occur following levee removal. The major construction elements during 
Year 1 should include the setback levee, vegetated buffers, and the biorevetment and bank 
roughening structures. The major construction elements during Year 2 should include removal 
of the existing levee prism and bank armoring, removal of the existing culvert, and outlet 
channel modifications.

Construction of the apex ELJs can occur during either Year 1 or Year 2. If they are 
constructed during Year 1, levee and bank armoring material may be available for backfilling
the structures. If not, additional material may need to be imported to supplement the 
assumed quantity of imported material for that purpose. During Year 1, it is possible that 
sufficient flood protection will remain until project completion if the landward half of some 
sections of the levee is excavated to provide the backfill material required for the apex ELJs. 
Some of the relatively wider sections of the levee may contain historical dredge materials 
(alluvium) from the river channel, which are ideal for backfilling the structures. If the apex 
ELJs are constructed during Year 2, levee and bank armoring removal spoils including gravel, 
cobbles, and riprap could be used to satisfy structure backfilling requirements; however, 
sequencing of the structure construction and removal of the levee prism and bank armoring 
should be developed to verify material quantities available for the structures and avoid
construction delays.

For Year 1 construction, assuming the apex ELJs are constructed during Year 2, the time 
required to construct the biorevetment and bank roughening structures will be based 
primarily on the rate of pile installation; only after the piles are installed can the structures 
be completed. On the Tolt River restoration project constructed in 2008 and 2009, an average 
of approximately seven timber piles were installed each day during construction using one 
piece of equipment and associated crew; simultaneous installations did not occur. There are 
approximately 434 piles associated with the biorevetment and bank roughening structures in 
the conceptual design plan for the Countyline project, so approximately 62 working days may 
be needed to complete pile installation assuming an equivalent production rate with one 
piece of equipment. Approximately 31 working days would be required with two simultaneous 
pile driving installations at the same rate. The in-water work window on the White River per 
the Washington Department of Fish and Wildlife (WDFW) guidance is from July 16th through 
August 15th, which is 23 days (not working weekends) or 30 days (including working on 
weekends) if the in-water work window applies to work within the wetland. In this case, 
three simultaneous pile driving installations may be needed to complete the work by August 
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15th. If the allowable work window for Year 1 is extended, then the number of pile installation 
crews can be adjusted accordingly to complete work on time.

For Year 2 construction, the time required to construct the apex ELJs will also be based on 
pile installation rates and the number of days required to assemble the structures and 
complete backfilling, provide access to the structure locations, and manage water. Removal 
of the levee and bank armoring will likely be restricted to occur within the allowable work 
window from July 16th to August 15th; therefore, construction of the apex ELJs will likely 
occur during this time. Construction of one apex ELJ is estimated to require approximately 
10 to 15 working days per structure, or 60 to 90 days total for all six apex ELJs included in the 
concept design if none of them are constructed simultaneously. At this rate, three 
simultaneous installations will be required to install all six apex ELJs within the in-water work 
window.

Herrera developed preliminary construction schedules for Year 1 and Year 2 construction 
seasons, which are included in Appendix C. The schedules include timeline estimates for 
constructing the ELSs. The schedules also include preliminary timeline estimates provided by 
the County for completion of all associated earthwork designed by the County. Only the major 
work elements associated with each construction year are included; details of constructing 
those elements are not provided in the preliminary schedules.
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White River at Countyline Concept Development and Pre Design for
Engineered Log Structures

Year 1 Preliminary Construction Schedule
Major Work Items:
Engineered biorevetment and bank roughening structures
Setback levee
Buffer Plantings

Task No. Task Name Start Finish
1 2/1/12 2/1/12

2 Advertise for Bid 3/1/12 3/22/12
3 Bids Due 3/22/12 3/22/12
4 Contractor Selection 3/22/12 4/12/12
5 Award Bid 4/12/12 4/12/12
6 Notice to Proceed 4/19/12 4/19/12

7 Mobilize 5/1/12 5/8/12
8 Erosion Control Work 5/8/12 10/1/12
9 Clearing 5/8/12 5/29/12
10 Pile and Structure Installation 6/1/12 10/1/12
11 Levee Construction 6/1/12 10/1/12
12 Plantings 10/1/12 11/1/12

13 Remove Erosion Control 10/1/12 10/8/12
14 Site Cleanup 10/1/12 10/8/12
15 Remove Equipment 10/8/12 10/15/12
16 Closeout 11/1/12 12/1/12

Contract Set Complete
Contracting

Construction

Demobilization



White River at Countyline Concept Development and Pre Design for
Engineered Log Structures

Year 2 Preliminary Construction Schedule
Major Work Items:
Removal of existing levee prism and bank armoring
Culvert removal and outlet channel modifications
Apex ELJ Construction

Task No. Task Name Start Finish
1 2/1/12 2/1/12

2 Advertise for Bid 3/1/13 3/22/13
3 Bids Due 3/22/13 3/22/13
4 Contractor Selection 3/22/13 4/12/13
5 Award Bid 4/12/13 4/12/13
6 Notice to Proceed 4/19/13 4/19/13

7 Mobilize 7/1/13 7/8/13
8 Erosion Control Work 7/8/13 9/30/13
9 Clearing for ELJs and Earthwork 7/8/13 7/22/13
10 Pile and Structure Installation 7/22/13 9/30/13
11 Levee Removal 7/8/13 9/30/13
12 Culvert Removal 8/1/13 8/8/13
13 Outlet Channel Modifications 8/8/13 9/1/13

14 Remove Erosion Control 10/1/12 10/8/12
15 Site Cleanup 10/1/12 10/8/12
16 Remove Equipment 10/8/12 10/15/12
17 Closeout 11/1/12 12/1/12

Contracting

Construction

Demobilization

Contract Set Complete
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IINTRODUCTION 
The White River at Countyline Levee Setback (Countyline) project is a flood risk reduction and 
salmon recovery project located on the left (east) bank of the White River between river mile 
(RM) 5.0 and RM 6.33. Implementation of the Countyline project will reconnect approximately 
115 acres of forested wetland and historical floodplain to the main stem of the White River by 
removing the existing left bank levee and constructing a new setback levee and biorevetment 
along the eastern edge of the project boundary. The reconnection of the historical floodplain 
to the White River has the potential to alter sediment transport and deposition within the 
project reach and downstream of the project site. The geomorphic response to the proposed 
project and the associated impacts to the White River are expected to vary through time 
depending on the magnitude, frequency, and duration of future river flows. This memorandum 
also describes significant geomorphic risks that are expected if the proposed project is not 
implemented. 

In partial fulfillment of Task 300.3 of Herrera’s contract with King County for analysis and 
design of the proposed project (Contract #E00187E10), this technical memorandum outlines 
the approach, analytical methods, and results of a geomorphic assessment of the potential 
evolution of the floodplain within the project site after levee removal and the potential 
evolution of the project site and surrounding vicinity for existing and future conditions if the 
project is not constructed. Specifically, this technical memorandum describes the geomorphic 
assessments completed under two separate subtasks: 

1. Task 300.1, which included a field reconnaissance of the project site, a 
characterization of the likely floodplain evolution following project completion, 
and quantitative assessments of the volumes of coarse and fine sediment that may 
be deposited within the project site and exported from the project site over the 
short-term (after about 3 years), the medium-term (after about 10 to 15 years), and 
with fully evolved conditions (expected to occur after about 30 years) following 
project completion. 

2. Task 300.2, which included a characterization of the likely physical effects of the 
exported coarse and fine sediment on the White River channel adjacent to and 
downstream of the project site to RM 4.75 over the short-term, the medium-term and 
fully evolved condition after project completion. The characterization also included 
the effects of fine sediment export to the left bank wetland within the project site. 

Much of the information discussed in this memorandum is summarized in several other reports 
and memoranda associated with the project. These documents include: 

 Herrera (2010) – A sediment trends analysis of the lower White River (Contract 
#E00111E08: Task 6). This report and its appendices documented past geomorphic 
change in the White River channel and its floodplain from RM 4.5 to RM 10.6 and 
predicted future trends in this broader area. 
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 Herrera (2011a) – Calibration document for the RiverFLO-2D model for both sediment 
transport and hydraulics (Contract #E00146E08: Task 6). It provides information with 
regards to flow pathways throughout the site and quantitative estimates of sediment 
transport in a range of flood events. 

 Herrera (2011b) - Summary of findings in the form of an email from a field visit to 
a reference site in the upper Puyallup River, dated September 7, 2011 (Contract 
#E00187E10: Task 200.7). Unlike the proposed project, the loss of levee at the 
reference site was from natural erosion processes and not intentional removal. The 
findings indicate that the floodplain area of the reference site was reengaged in a 
stepwise fashion, with all woody vegetation sequentially scoured away yielding a 
largely braided system. 

 Herrera (2012a) – Technical memorandum summarizing the methods and results of 
hydraulic and sediment transport modeling completed as of spring 2012 (Contract 
#E00187E10: Task 200.4). This document concluded that sediment transport modeling 
was insufficiently accurate to provide reasonable estimates of future geomorphic 
change. The document recommended an alternative approach using expert geomorphic 
prediction based upon historical sediment trends and sediment budget volume 
calculations coupled to the hydraulic model results and a detailed analysis of similar 
reference sites. 

 Herrera (2012b) – Technical memorandum documenting the process used to generate 
future geomorphic surfaces (channel and floodplain) for the hydraulic modeling 
(Contract #E00187E10: Task 300.4). In particular, several calculations were made in 
the process of constructing the future surfaces. These calculations provided estimates 
of channel erosion and deposition volumes for particular events that may occur (e.g., 
avulsions, channel filling, sites of splay formation, etc.), both in existing and proposed 
conditions. 

 Herrera (2012c) – Technical memorandum documenting the approach to the remainder 
of the hydraulic modeling, following the decision to halt further sediment transport 
modeling, along with the results of the first set of model simulations completed as 
of June 2012 (Contract #E00187E10: Task 200.9). The model results included the first 
six sets of simulations covering both existing and most likely proposed conditions 
immediately following construction, 3 years into the future, and in “fully evolved” 
conditions. These results identified the suite of potential hydraulic impacts from 
construction of the project. 

In addition to the earlier work listed above, this technical memorandum benefits from other 
hydraulic modeling performed under Task 200.8 (Contract #E00187E10), which was ongoing as 
of the time this technical memorandum was prepared. In particular, the hydraulic modeling 
and future surface development progressed in a stepwise fashion so as to incrementally 
estimate future geomorphic change. This process served as a check on the predicted 
geomorphic changes imposed by the project team. In turn, some of the analysis described 
herein was used to provide the basis for estimates made in the modeling, particularly those 
modeling scenarios that examined the formation of new channel networks in the left bank 
wetland at the project site. 
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Project Site and Study Area 
The proposed project is on the left (east) bank of the White River between river mile 
(RM) 5.00 and RM 6.33, downstream of the A Street Bridge. The project site lies mostly within 
the cities of Pacific and Sumner, with a portion of the project area extending into 
unincorporated Pierce County (Figure 1). 

The study area extends between approximately RM 4.4 and RM 6.7. A study area larger than 
the project site is required to determine risks to adjacent infrastructure, such as the A Street 
Bridge, the Burlington Northern and Santa Fe Railway (BNSF) Bridge, 8th Street E (also known 
as Stewart Road SE) and its bridge crossing over the river, and private development on both 
sides of the White River. 

Underlying Constraints and Assumptions 
The nature and pace of floodplain evolution following levee setback will depend on the 
location and elevation of the levee removal footprint, the magnitude and timing of future 
flows in the White River, and initial sediment deposition and bed scour at the left bank 
wetland flow inlet location. In order to proceed with the geomorphic analysis described 
herein, several assumptions regarding the constraints and conditions during floodplain 
reconnection are necessary. These assumptions are supported by the findings of previous 
geomorphic studies of the White River, similar river systems that have been restored 
elsewhere in western Washington, and the synthesis of field observations at the project site 
made over the course of several years by members of the project design team. In presenting 
these assumptions, it is recognized that various sources of uncertainty, flow variability, 
variability in potential channel response, natural fluctuations in the range of sediment 
movement, and uncertainties in previous models developed for the project may lead to 
outcomes that vary considerably from the most likely scenario simulated by Herrera (2012c) 
and described in detail in this technical memorandum. In light of these inherent uncertainties, 
the geomorphic analysis presented in this technical memorandum incorporates the following 
underlying assumptions, which are considered to span the entire spectrum of possible 
outcomes, ranging from minor to substantial geomorphic change: 

 The project site will not be influenced by volcanic events on Mount Rainier, as these 
events have return intervals much greater than the service life of the proposed 
project. 

 The US Army Corps of Engineers will not significantly change its operational protocol 
at the Mud Mountain Dam, which controls flow rates in the lower White River. 

 Flood fighting on the downstream left bank would prevent a full avulsion of the White 
River eastward and across 8th Street E. 

 Flood fighting along the right bank in the project site vicinity would limit channel 
migration in that direction. 
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Figure 1. White River Countyline Levee Setback Project Site and Study Area. 
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MMETHODOLOGY 
Field Reconnaissance 
Two Herrera geomorphologists, accompanied by King County staff, conducted a 1-day 
field reconnaissance of the project reach on February 16, 2012. The purpose of the field 
reconnaissance was to observe and document existing conditions within the left bank wetland 
and floodplain along potential channel alignments that may develop as a result of the project 
and to observe and document existing conditions downstream and west of the project area 
(on the right bank) that might be impacted by the project. The flow in the White River at 
R Street near Auburn (USGS gage #12100490) was approximately 1,200 cubic feet per second 
(cfs) during the field reconnaissance and precluded crossing the active channel by foot. 

Existing geomorphic conditions were documented in the field on maps (recent aerial 
photographs and lidar topography), in field notes, and with a digital camera. Shallow test 
pits were dug to a depth of approximately 24 to 36 inches with a hand shovel to observe and 
document surficial sediment at various locations throughout the left bank wetland and on 
sand and gravel bars. The locations of selected features were mapped using a GPS receiver 
and were added to mapped locations of shallow soil probes previously dug by others in the 
left bank wetland and floodplain area. 

The field reconnaissance occurred on foot and began on the left bank upstream of the 
A Street Bridge. The field team walked the gravel bar and left bank levee and entered the 
wetland near RM 6.01. The team proceeded to circle the eastern edge of the wooded area in 
the left bank wetland and returned to the left bank levee near RM 5.85. The reconnaissance 
continued south along the left bank levee, to the 8th Street E Bridge near RM 5.00. From 
there, the reconnaissance team drove to Butte Avenue and investigated the right bank area 
on foot from RM 5.25 to RM 5.16. The team then drove to the end of 140th Court E and 
walked the left bank of the river from approximately RM 4.44 to RM 4.75. Finally, the team 
drove to the intersection of 8th Street E and 142nd Avenue E to investigate the left bank 
floodplain and stormwater drainage facilities along 8th Street E to determine if improvements 
to the hydraulic model had to be made in that area to accurately simulate flood flow crossing 
the roadway. 

Geomorphic Response 
The results of the field reconnaissance and synthesis of existing information, subsurface 
data from previous investigations, historical channel activity, and professional judgment were 
used to identify likely locations of side-channel formation, sediment erosion and export from 
the site, and sediment deposition within the project site following project construction. In 
addition to these sources of site-specific information, three analog sites on the west slope 
of the Washington Cascades that have undergone recent levee removal and/or setback were 
considered in the analysis. These analog project sites are summarized in Table 1. 
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Table 1. Summary of Analog Sites Used in This Study. 

Site Reference 

Channel 
Slope 

(%) 
Basin Size 

(square miles) 

Existing Active 
Channel Width 

(ft) 

Approximate Ratio 
of Setback to 

Pre-construction 
Active Channel 

Width 
Year 

Constructed Special Notes 

This project N/A 0.2 475 200 5 N/A Near sand-gravel 
transition, volcano and 

dam in basin 

Upper Puyallup River* Cardno-Entrix (2010) 1 172 350 1 1995 Volcano in basin 

Lower Tolt River Herrera (2007) 0.5 97 150 4 2009 Near sand-gravel 
transition, strongly 

influenced by larger 
Snoqualmie River, 

dam in basin 

Hansen Creek Mostrenko et al. (2011) 1 10 30 20 2009 Near sand-gravel 
transition 

N/A = Not applicable 
*The Upper Puyallup River levee was not deconstructed, but left to erode by natural means; year represents first breach occurrence 
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In addition to the analog sites, derivation of the topographic surfaces for hydraulic modeling 
of future site conditions required the calculation of sediment erosion and deposition 
quantities. The estimated quantities, described below, were informative with respect to the 
volumes of sediment imported and exported under existing conditions (as estimated by King 
County [2012b]). These relationships provided estimates of the time required for certain 
changes to occur and the overall volumes of expected sediment infill at the project site. 
Finally, sand fluxes to the reconnected off-channel areas were estimated using the hydraulic 
model results incrementally, after completion of each modeled scenario, providing insight 
with regards to the storage capacity of the restored area over time and the amount of 
probable fine-grained sediment export (see Appendix A). 

Sediment Budget 
The sediment budget was constructed using King County data in combination with a historical 
analysis, including the conclusions and findings of Herrera (2011), and an analysis of other 
streams (analog sites) in western Washington that have been restored in recent years. The 
model simulations were also used to estimate the sand flux to restored off-channel areas at 
the project site. It was critical to calculate the expected flux of sand (and finer sediments) 
into the left bank wetland area within the project site in order to understand the potential 
flood risk reduction benefits of the project. The potential coarse sediment fraction (bedload 
deposition) that can deposit within the site is essentially limited by the amount of coarse 
sediment delivered in the White River to the project site at A Street. Coarse sediment 
delivered to the site is well represented by bedload flux measurements at R Street (Czuba 
et al. 2011) minus what is deposited between R and A Streets, and coarse sediment deposition 
nearly equates to the observed annual deposition in recent years. 

Coarse Sediment Budget 
Coarse sediment is defined as sediment particles with diameters the size of gravel 
(0.08 inches, or 2 millimeters) and greater. This material moves exclusively via bedload 
within the project site. To assess the impacts of the project on coarse sediment transport 
and deposition, comparable levee setback projects (analog sites) were considered with 
regard to their general effects, and in particular to evaluate the likelihood of the expected 
sequestration of coarse sediment in the left bank wetland. These impacts were assessed along 
with erosion volumes in the new channel complex and the volumes of incoming material 
documented by Czuba et al. (2011). 

Fine Sediment Budget 
Fine sediment is defined as sediment particles with diameters less than 2 mm, which typically 
is found in suspended load in the river flow (i.e., sand, silt and clay). This does not mean that 
sand cannot (and will not) be transported as bedload within the project site. In fact, it will 
likely be common that sand is transported as bedload in inundated vegetated off-channel 
areas, as is currently found near the existing levee section that is frequently overtopped 
at the site (Figure 2). Sand will also be transported as bedload if the supply rate of sand 
exceeds the transport capacity of that size fraction. This might explain why a fraction (about 
30 percent) of the “bed material” (i.e., the sediment material found on the riverbed, the 
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elevations of which have been measured in previous repeated surveys of the main channel by 
King County) is composed of sand. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 2. Sand Deposited in the Left Bank Area Near the King-Pierce County Boundary 
Line. 

To estimate the downstream impact of changes in fine sediment supply due to the project, 
the volume of fine sediment that could potentially erode from the left bank wetland and the 
resulting net export of this fine sediment from the project site was compared to the known 
sediment throughput measured by Czuba et al. (2011). To be conservative, this calculation 
assumes that the entire left bank wetland will be eroded down to the elevation of the 
thalweg at the entrance point of flow to the left bank wetland and to the elevation of 
the thalweg at the flow exit point back into the mainstem channel near RM 5.25. In most 
locations this eroded zone varies between 1 and 3 feet in depth below the existing ground 
surface, above the level of the intermittent gravel seen throughout the site (see Figure 6 
below). In reality, complete erosion to thalweg depths across the entire channel width is not 
likely for the braided channel morphology that is expected to form, but it is uncertain how 
much less will be eroded following project construction. This assumed depth of erosion means 
the eroded volume will be completely fine-grained material. The resultant volume of 
potential fine sediment erosion in the wetland was then compared to the estimated amount 
of sand retained in the wetland (as described in Appendix A) and the total amount of fine-
grained sediment input into the study area documented by Czuba et al. (2011). 
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RRESULTS 
This section presents the results of the geomorphic analyses described above. It begins 
with observations made on-site in the late winter of 2012. Based upon these observations, 
observations made at analog sites, a historical analysis of channel dynamics within the project 
site, and the hydraulic model results performed to date (Herrera 2012c), possible geomorphic 
change following project completion is discussed and a most likely scenario is defined. Based 
upon the hydraulic modeling performed to date (Herrera 2012c), sand flux estimations made 
from those results (see Appendix A) and previous sediment accounting studies (Herrera 2010; 
King County 2012b), a sediment budget for the project site is presented for both fine grained 
and coarse sediment material. Impacts of changes in off-site sediment export in the future 
are then discussed in detail. 

Field Reconnaissance and Existing Subsurface Data 
The field visit began at the A Street Bridge. The left (eastern) half of the main channel at the 
A Street and BNSF bridges is occupied by a gravel bar. The thalweg is against the right bank. 
Woody debris has accumulated on the upstream side of the center pier of the A Street Bridge. 
Downstream of the BNSF Bridge abutment, the top of the left bank levee is only approximately 
4 feet above the top of the gravel bar near RM 6.3. At the left bank levee overtopping location 
near the county boundary line, Pierce County placed fill including gravel and cobble on top of 
the levee in the fall of 2011(Figure 3). This same left bank levee location was overtopped and 
inundated by as much as 2.5 feet of water in February 2012 (Figure 4). Conditions subsequent 
to the inundation indicate that some of the placed gravel and cobble were scoured and 
exposed by the overtopping flows (Figure 3). 

There are several linear, incised side-channels along the right bank upstream of the 8th 
Street E Bridge. Soils in this area are mapped as disturbed (Mullineaux 1965). The side-
channels and wetlands in this area were constructed by Pierce County in 2000 as mitigation 
for the Lake Tapps Parkway project. Historical river bed dredging activities were staged 
on the right bank above the 8th Street E Bridge prior to construction of the side-channels. 
Cofferdams were often placed in the area, and in the 1965 aerial photo a small linear drain is 
evident in the vicinity of the existing side-channels. Informal trail use in the area is 
extensive. 

Along 8th Street E, newly placed fill was observedI on Pierce County Property IDs 0420014060, 
0420014061, and 0420014062 in the flood overflow pathway adjacent to and west of the golf 
course. A newly constructed ditch was also observed during the field visit on the west side 
of the placed fill, which is evident (to varying degrees) in the 2009 and 2011 lidar surfaces. 
A small culvert (2 feet in diameter) crosses under 8th Street E at this location. A larger 
(4’x9’) box culvert crosses under the road on the east side of the fill and drains a small 
stream originating in the uplands to the east. The 2-foot-diameter culvert is too small to be a 
significant conveyance feature for river flows, and the box culvert is not in an area where the  
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Figure 3. Placed Gravel and Cobble Scoured and Exposed on Top of the Left Bank Levee 

Where Frequent Overtopping Occurs Near the County Boundary Line. 

 

 

 

 

 

 

 

 

 

 

 
 
 
Figure 4. Photograph Facing Downstream of the Left Bank Levee Overtopping Area Near 

the County Boundary Line During the February 2012 High Flow Event at 
Approximately 6,700 cfs (King County 2012a). 
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hydraulic model runs have indicated roadway overtopping. Therefore, based on the field 
reconnaissance, neither structure was included in the hydraulic model or in the assessment of 
the geomorphic response to the project. 

There is evidence of recent sand deposition on the left bank of the river near approximate 
RM 4.6, downstream of the 8th Street E Bridge. Additionally, there is evidence of recent 
erosion of the gravel bar on the left bank at the large meander bend near RM 4.4. 

In addition to the photographic documentation obtained during the field reconnaissance, 
subsurface sediment composition was investigated at several locations using a hand shovel 
to a depth of about 2 feet (Figure 2) to assess the potential for flows to remobilize those 
materials (i.e., sand, gravel, etc.) in future flood events. Although gravel bars are delineated 
in the left bank wetland and floodplain on historical maps of the area from the Inter-County 
River Improvement (ICRI) surveys (Figures 5A and 5B), none of the hand probes that were 
located more than few feet away from the existing levee found coarse material at the 
surface. Most of the surficial material within 3 feet of the floodplain ground surface is sand, 
with occasional silt lenses and high organic content. Figure 6 shows the location of the hand 
probes, along with locations of borings, test pits and hand auger holes previously completed 
by others. Subsurface data from the locations shown in Figure 6 indicate that aside from the 
immediate vicinity of the existing left bank levee where disturbance has been historically 
significant, there is very little gravel in the top 3 feet of the soil column away from the levee. 
Gravel was found regularly and intermittently throughout the left bank wetland at greater 
depths in hand auger and hand probe investigations by Shannon & Wilson (2009) and Paragon 
Research Associates (2011). However, these gravel deposits are generally thin (a few feet 
thick) and spatially sporadic, which is consistent with the spatially intermittent gravel bars 
shown on a historical map of the Stuck River (Figures 5A and 5B). 

Geotechnical borings (King County 2012c) indicate that deeper than the shallow gravel, the 
substrate becomes finer again, though not as completely fine as the surface layer. Based 
on the subsurface data described here and the available data on White River sediment 
flux (Czuba 2011), it is assumed that the proportion of coarse material found in floodplain 
deposits at the project site is similar to what has been observed in the sediment load supplied 
to the site (i.e., 90 percent suspended load consisting of sand, silt and clay and 10 percent 
bedload consisting of predominantly gravel and cobble). 

Geomorphic Response 
Estimation of future geomorphic change is aided by understanding past changes at the 
project site, particularly as they relate to the erosion of near-surface materials, which 
are the remnants of these changes. Historical documents indicate that the study area has 
experienced extreme changes in sediment supply and inundation in the past century (Banks 
1907; Roberts 1920; Herrera 2010). While the conditions experienced in the past are not 
necessarily representative of existing conditions because of subsequent development (e.g., 
the current lack of large-scale dredging operations, the construction of Mud Mountain Dam, 
etc.), these past changes provide context and insight into potential geomorphic response to 
the project and the type of sediment to be encountered if erosion of certain areas occurs. 
Although much of the history of the site is documented in related existing literature (e.g., 
Herrera 2010; King County 2010), a brief history of the study area is recounted here as it 
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relates to the evolution of the near surface, particularly the left bank wetland, in the project 
site. 

Historical Context of Site Conditions 
Predevelopment Conditions 
The Kent and Stuck River valleys (formerly part of Puget Sound) filled with sediment following 
deglaciation approximately 16,000 years ago (Collins and Montgomery 2011). Radiocarbon 
dating of organic material in sediment obtained from borings drilled by King County (2012c) 
at the project site indicate that the White River fan was laid down over the past 5,000 years 
by the erosion and deposition of lahar (volcaniclastic mudflow, such as the 5,700-year-old 
Osceola mudflow) sediment deposited in the White River canyon. There have been several 
smaller mudflow (lahar) events since the massive Osceola mudflow (Zehfuss et al. 2003). At 
the project site, the White River has been confined by erosion into the fan deposits over the 
past 1,000 years (i.e., since the last major mudflow event), as seen in the large, steep bank 
at the east edge of the left bank wetland. Despite the erosive conditions, the Stuck River 
likely did not transport as much coarse sediment in the past because of the reduced flow 
available (much of the flow and coarse sediment went north to the Green River) and the 
presence of ubiquitous wood debris. Further, it is likely that the sand-gravel transition in 
the river was near, or even upstream of, the project site. It is common that deforestation, 
installation of flood protection infrastructure, and other modern development processes 
cause downstream migration of the sand-gravel transition (Frings et al. 2009), which now 
occurs in the White River between 8th Street E and the confluence with the Puyallup River. 
Finally, the project site likely contained abundant large woody debris prior to development, 
with many smaller channels draining through broken forest as described well in recent Puget 
Sound wide investigations of predevelopment conditions in the area (Collins and Montgomery 
2011). 

Circa 1867 to 1906 
Prior to the major flood in 1906, the bulk of the White River water and sediment exited the 
White River canyon near present-day approximate RM 8 and flowed north to join the Green 
River near Auburn. At the time of initial human settlement in the mid-1800s, the Stuck River 
(now the White River at the project site) was only an overflow outlet distributary channel for 
the White River (Collins and Montgomery 2011) and appears to have transported very little 
coarse (gravel/cobble) material. This inference is based on the great amount of wood in the 
channel and distributed overbank flow across the White River alluvial fan and the remainder 
of the Kent Valley (Collins and Sheikh 2005). The historical Stuck River was so small or its 
channels so dispersed that its full length was not surveyed continuously (in a process referred 
as “meandering”) in preparation of General Land Office maps of the area during 1867 to 1891 
(Collins and Sheikh 2004). However, the size of the Stuck River channel and the portion of 
the White River flow that it conveyed seems to have increased by the end of the 1800s, as 
reported by a subsequent surveyor who observed Stuck River channel widths of 400 feet to 
600 feet, and stated “From one-fourth to one-third of the total volume of the White River, at 
low water, passes down the Stuck River. At high water, probably one half goes down Stuck 
River” (Ober 1898). Thus, Stuck River conditions during this time period seem to have been 
variable and transitional due to the channel incision that occurred prior to development and  
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Figure 5, Sheet A. Historical ICRI Map (c. 1914) of the Countyline Reach from Sometime Prior to the Completion of the Levees, but After the Formation of the ICRI. 
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Figure 5, Sheet B. Historical ICRI Map (c. 1914) of the Countyline Reach from Sometime Prior to the Completion of the Levees, but After the Formation of the ICRI. 
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Figure 6. Subsurface Sampling at the White River Countyline Project Site, Pacific, Washington. 
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the deposition of coarse sediment in subsequent years, described below. Because the project 
site is at the distal edge of the fan, it would have been dominated by delivery and deposition 
of fine-grained material when most of the water and sediment in the White River flowed north 
to join the Green River, as appears to have been the case for most of this time period. The 
rapid expansion of flow at the exit of the White River canyon would have resulted in most of 
the coarse sediment depositing upstream of the project site. While patches of gravel are 
observed in the present-day alluvium beneath the project site ground surface, these are 
relatively rare and may have been deposited at times in the recent geologic past when the 
Stuck River carried more flow than it did during the nineteenth century. 

1906-1930s 
The mainstem White River avulsed to the Stuck River during the 1906 flood event due to a 
debris jam that formed near Auburn. Following the avulsion, the construction of the Auburn 
Wall in 1915 ensured that the avulsion was permanent and complete. This forced the entire 
flow of the White River down the path of the former Stuck River. Immediately following the 
avulsion, there was very little in the way of natural levees and no built levees to confine the 
path of flood waters, though they were directed deliberately towards the Puyallup River. As 
a result, the White River system lost much of its historical floodplain storage capacity in the 
combined flow routes to the Green River and through the Stuck River distributary system. 
The coarse sediment supply likely increased to the project site in this time period because of 
reduced floodplain storage upstream (as compared to pre-1906 levels), and the sand-gravel 
transition likely migrated downstream of the project site, leaving large gravel bars throughout 
the floodplain (Figures 5A and 5B; Frings et al. 2009) as the river began to change to its 
current configuration. The unconstrained nature of the channel was undesirable to European 
settlers in the area and precipitated the construction of large levees to confine the flow, 
including the left bank levee at the project site. It is uncertain what year the levees were 
completed. From aerial photographs, it is clear that in 1931 there remained significant 
disturbance into the left bank wetland. However, by the time of the 1936 aerial photograph, 
it appears that much of the existing levee infrastructure was in place. 

1930s to Present 
Levee construction between the BNSF railroad and 8th Street E induced sediment deposition 
within the channel because the river could not occupy large sections of the historical 
floodplain where sediment loads would otherwise be deposited. The White River channel in 
the Countyline project reach was dredged repeatedly until 1986 (King County 2010) to remove 
accumulating sediments. Since the cessation of dredging in 1986, deposition has continued 
(Herrera 2010). Sediment volumes deposited following cessation of dredging were initially 
higher due to the available storage volume for the sediment to occupy, and have diminished 
steadily in recent decades to the present. However, rates of sediment deposition continue to 
vary widely in the Countyline reach of the river, with the highest rate of deposition since the 
first available data in 1969 occurring in 2007 to 2009 (King County 2012b). 

The levees appear to be in the same configuration as in the original design plans (Roberts 
1920). The extent to which the levees were overtopped shortly after their construction is 
uncertain, though the presence of fine-grained materials in the left bank wetland (Figure 6) 
suggests that overtopping may have occurred at least occasionally. Levee overtopping 
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frequency was reduced, at least initially, by the completion of Mud Mountain Dam in 1948, 
which significantly reduced the flood flow rates in the lower White River. It is clear that the 
recent and regular levee overtopping at the county line limited the type of material delivered 
to the floodplain to fine grained material (sand, silt and clay). As noted previously, the 
thickness of sand below the ground surface in the left bank wetland is approximately 3 feet in 
most locations (see Figure 6). This thickness equates to an average deposition rate of about 
one-third of an inch per year (slightly less than 1 centimeter per year) since the levee was 
constructed at the project site, if the levee was completed in 1935. This deposition rate is 
typical of off-channel floodplains, where sediment accumulation rates have been measured 
by more accurate methods (e.g., Lokas et al. 2010). 

Potential for Erosion in the Left Bank Wetland Following Project Completion 
The pattern of events affecting the site described above have limited the amount of gravel 
deposited in the left bank wetland since about the 1930s. Gravel either deposited upstream 
or was isolated from this area by levees, except during the period of 1906-1930s, as observed 
in historical aerials taken in 1931 and 1936. The limited presence of gravel will limit its off-
site export following project completion. The prevailing fine-grained materials at the surface 
of the left bank wetland will likely be exported when it is re-engaged following project 
completion. If the uppermost 3 feet of material is eroded in the path of concentrated flow, it 
is unlikely that the river will be able to erode vertically further for two reasons: 1) because 
the channel gradient through the wetland area decreases and is not steep enough to induce 
incision greater than 3 feet (i.e., erosion to this depth would necessitate a particularly flat 
portion of the profile somewhere else), and 2) the river will no longer be confined to one 
location where its erosive forces would need to be dissipated vertically; instead it could 
migrate laterally into fine-grained sediments in other portions of the wetland. Erosion that 
forms a headcut in the main channel bed is expected just downstream of the remaining levee 
because of the reductions in water surface elevations at this point; however, any of this 
eroded material will likely deposit a short distance from where it was eroded because of the 
coarse substrate size (mostly cobble) in the main channel. 

Expected Geomorphic Evolution with Project 
From the historical behavior of this river system described above and the suite of behaviors 
seen in a range of analog sites and other examples in the scientific literature, there are 
four general possibilities for future site conditions if the left bank levee is set back on the 
floodplain surface east of the wetland: expected geomorphic evolution is depicted in 
Figure 7. 

1. Minimal change – The left bank wetland is inundated regularly and serves to store 
floodwaters and fine sediment, but a new channel is not formed through the wetland. 
If flow is not concentrated enough to penetrate the thick band of vegetation on the 
east side of the existing left bank levee, this is a possible outcome. However, because 
the ground surface in the left bank wetland is much lower than the existing channel, 
there is a distinct possibility that a new channel will form in this area. Further, the 
river is able to erode into vegetated areas elsewhere in the vicinity (e.g., immediately 
upstream of the A Street Bridge on the left bank). Therefore, this possible outcome 
was deemed unlikely. 
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Figure 7. Expected Fully Evolved White River Countyline Levee Conditions, 30 Years Following Construction. 
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2. Incremental active channel expansion – This possible mode of geomorphic evolution 
would entail the White River incrementally eroding through the densely forested 
riparian zone. This behavior was observed somewhat in historical maps of the project 
site (Figures 5A and 5B) and at the Orville Road analog site on the Puyallup River near 
Electron (Herrera 2011b). In historical times (i.e., immediately following the 1906 
avulsion) at the project site, the channel rapidly expanded, consuming portions of the 
adjacent floodplain. At the Orville Road site, a levee was breached by the Puyallup 
River during the 1995 flood event. Since 1995, small portions of the vegetated 
floodplain have been consumed and converted to unvegetated active side-channels 
during each large flood event, but the current channel thalweg remains in the pre-
levee-failure, unvegetated channel location. The eroded levee at this analog site and 
the associated area of reactivated floodplain there are much smaller than at the 
Countyline project site. Channel expansion in historical times was primarily due to a 
flow increase. With the project, total flow rates will not increase. 

3. Complete avulsion – It is possible that a debris jam may form along the length of the 
channel downstream of the levee removal due to decreased flow in the main channel. 
This could initiate complete avulsion of flow into the left bank wetland. However, this 
outcome was deemed unlikely because the channel has not shown this behavior in 
the past (i.e., a debris dam spanning the entire channel width has not occurred, and 
would not be likely to because the active channel is much wider than a single intact 
piece of large woody debris). 

4. Partial avulsion – As found at the Hansen Creek analog site (Mostrenko et al. 2011) in 
Skagit County, Washington, the White River in this case would partially avulse to the 
lowest portion of the wetland near the bank along its east edge (Figure 7). This open 
water wetland area is largely devoid of woody vegetation and would act to isolate the 
new avulsed channel formed in this area from the existing main channel with a band of 
mature vegetation in between the two channels. 

These varying degrees of engagement of the wetland serve to identify the suite of possible 
outcomes. Based on available historical information, the project site physical setting, 
analog sites, and in coordination with County staff, it is assumed that a partial avulsion 
as graphically depicted in Figure 7 is the most likely mode of geomorphic evolution after 
project construction. Accordingly, a partial avulsion condition was modeled as Scenario S1 in 
the hydraulic model runs initially described in Herrera (2011a) and documented in detail in 
Herrera (2012c). Complete avulsions, which are deemed unlikely, but possible, were included 
in modeling for design scenarios S2 and S3, since they would stress engineered elements more 
than Scenario S1. Results of the initial hydraulic modeling runs of the partial avulsion scenario 
also were used to inform the description of likely evolution and future conditions presented 
herein. Following initial partial avulsion into the left bank wetland area of the project site, 
lateral channel migration within the project site would be the primary process shaping the 
evolution of the site, though forested islands may form in the middle portion of the partial 
avulsion pathway because of the low slope there. 

Because channel migration is a stochastic process, particularly in a dynamic river system 
such as the White River, an exact future geomorphic configuration cannot be predicted with 
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certainty. However, the most probable geomorphic evolution of the site is described below. 
This most probable future condition is depicted in Figure 7. The following statements can be 
made about the evolution of the project site and were used as assumptions in the hydraulic 
modeling of future conditions. 

 The most likely conditions following construction of the setback levee are a new 
channel complex separated from the existing main channel by a band of woody 
riparian vegetation. 

 Flows into the wetland will be sufficient beginning with the first floods following 
construction to completely remove existing mature riparian woody vegetation 
separating the wetland from the existing main channel, creating a new channel along 
the east edge of the wetland. 

 Flows into the wetland will be concentrated near the downstream end of the 
remaining left bank levee that is not removed. 

 The wetland is low enough and far enough away from the existing channel to isolate 
the newly formed main channel from the existing main channel for most of its length, 
sparing a band of riparian vegetation separating the new channel from the existing 
main channel. 

 All of the bedload of the White River that enters the left bank wetland will be 
deposited in the wetland during the first 3 years following a partial avulsion, and will 
be primarily confined to a splay deposit near the downstream end of the remaining 
left bank levee, similar to conditions found at Hansen Creek (Mostrenko et al. 2011). 

 The partial avulsion will follow a new path of greatest slope - first from the end of the 
remaining levee to the border of the wetland, then along the edge of the wetland to 
its southernmost point. This alignment also happens to roughly correspond to the 
channel alignment seen in maps of the site prior to the construction of the levees 
(Figures 5A and 5B). 

 The outlet of the new channel will be at the existing outlet of the wetland because it 
is the lowest point in the vicinity and the only drain point in the area. 

 It is likely that scour near the wetland outlet will be significant and concentrated (in a 
single channel) because most hydraulic simulations indicate high flow velocities in this 
area and the topographic gradient in this area is relatively steep. 

 At the new channel inlet at the end of the remaining levee a knickpoint (i.e., a place 
of concentrated bed erosion) will extend upstream towards the A Street Bridge, but it 
is not expected that it will extend beyond the A Street Bridge. The depth of scour is 
assumed to be a maximum of approximately 3 feet at the floodplain inlet. 

 Sand will be temporarily stored in overbank areas in the wetland similar to existing 
conditions in the constructed wetland on the right bank. 

 Flood fighting on the right bank will prevent migration of the active channel in that 
direction. 
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Future Conditions in the Absence of the Project 
It is important to place the ramifications of the proposed levee setback project in the context 
of what would occur if the project is not constructed. From the initial hydraulic model results 
(Herrera 2012c), it is clear that the recently observed trend of overbank flow into the left 
bank wetland will continue and increase with time. Flood fighting by private property owners 
occurred in the past to reduce the frequency of inundation of agricultural fields and the 
overtopping of 8th Street E in the form of earthen berms constructed along the wetland 
boundary near the north end of 142nd Avenue E. The hydraulic model runs for the without-
project scenario indicate that the quantity and velocity of the flow and its water surface 
elevation will be significantly higher in the future than has been the case during floods in the 
recent past. 

For example, by 3 years into the future (nominally 2014 because the hydraulic models of 
existing conditions are based on 2011 topographic information) the hydraulic model predicts 
that at a flow rate of approximately 5,000 cfs, which is half of the peak flow discharge during 
the 2-year (9,700 cfs) recurrence flood event, the left bank levee will be overtopped at 
the county boundary line, causing overbank flow through and out of the wetland area and 
on to the left bank floodplain (where the setback levee is proposed), and then flow across 
8th Street E. Based upon existing, documented White River channel aggradation rates, it 
is estimated that the main channel elevation will have filled in with sediment to the level 
equivalent to the left bank levee top elevation at the county line in 13.8 years. Without the 
proposed project in place at that time, a flow of approximately 800 cfs (which is about half of 
the mean annual flow) would overtop the left bank at the county boundary line and follow the 
same route described above over 8th Street E. 

Sediment Budget 
A sediment budget for the most likely conditions scenario (S1) was developed in collaboration 
with King County staff. The budget was constructed using the analysis from the topographic 
surface development process to support future conditions hydraulic modeling described 
initially in Herrera (2012a) and summarized in Herrera (2012c). Table 2 presents the results 
of this analysis. The sediment budget for the project site extends in the main channel 
between the A Street Bridge and the 8th Street E Bridge and corresponds to the same river 
reach evaluated in previous sediment budget calculations (Herrera 2010, King County 2010 
and 2012b). The Sediment Input column in Table 2 reflects the annual sediment flux under 
the A Street Bridge in cubic yards. The Storage Volume column in Table 2 reflects the volume 
of sediment stored in between the A Street Bridge and the 8th Street E Bridge. The Sediment 
Export column in Table 2 reflects the sediment flux at 8th Street E. The total fine sediment 
input is derived from measurements made by the USGS at the R Street Bridge and deposition 
documented by King County (2012b). The coarse sediment input is derived exclusively from 
King County measurements of coarse sediment deposition from the project site to the White 
River’s confluence with the Puyallup River (King County 2012b). 

As can be seen in Table 2, there is expected to be a net increase in sediment storage within 
the project area for a period of 10 years following project construction for both fine and 
coarse sediment. The totals in the table are largely consistent with the simulations of 
sediment transport by Czuba et al. (2010), which indicate about 1,000 cubic yards of 
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deposition for each day of “high” sediment discharge (14,000 cfs in the case of Czuba et al. 
2010). The estimated increases in storage of fine sediment are larger than for coarse 
sediment, both in terms of absolute quantities and by a percentage of existing storage. This is 
primarily because the fine sediment volumes capable of being stored within the project site 
are much larger (by approximately a factor of 10) than coarse sediment. Most of the coarse 
sediment supply is currently stored in the project reach, and though storage capacity will be 
increased by the project, it will not change the export of coarse material in a significant way 
once the site is fully evolved (i.e., once most of the splay deposits that comprise the natural 
levees along the new channel are fully formed). 

Table 2. Sediment Budget Summary of Most Likely Conditions for the Project Site. 

Years Following 
Construction 

Fine Coarse Total 

Sediment 
Input 

Storage 
Volume 

Sediment 
Export 

Sediment 
Input 

Storage 
Volume 

Sediment 
Export 

Sediment 
Input 

Storage 
Volume 

Sediment 
Export 

Existing conditions 268.0 6.0 262.0 22.0 16.0 6.0 290.0 22.0 268.0 

0-1 268.0 13.7 277.6 22.0 19.0 3.0 290.0 32.7 280.6 

1-2 268.0 13.7 277.6 22.0 19.0 3.0 290.0 32.7 280.6 

2-3 268.0 13.7 277.6 22.0 19.0 3.0 290.0 32.7 280.6 

3-4 268.0 12.9 255.1 22.0 17.9 4.1 290.0 30.8 259.2 

4-5 268.0 12.9 255.1 22.0 17.9 4.1 290.0 30.8 259.2 

5-6 268.0 12.9 255.1 22.0 17.9 4.1 290.0 30.8 259.2 

6-7 268.0 12.0 256.0 22.0 16.1 5.9 290.0 28.1 261.9 

7-8 268.0 12.0 256.0 22.0 16.1 5.9 290.0 28.1 261.9 

8-9 268.0 12.0 256.0 22.0 16.1 5.9 290.0 28.1 261.9 

9-10 268.0 12.0 256.0 22.0 16.1 5.9 290.0 28.1 261.9 

Total after 10 years 2,680.0 128.0 2,621.9 220.0 174.9 45.1 3,190.0 325.0 2,934.9 

Notes: All volumes are in thousands of cubic yards. Figures are rounded to the nearest hundred cubic yards to 
reflect the limited level of accuracy inherent in the calculations and to minimize rounding errors. 
 
On the other hand, it is estimated that fine sediment storage within the project area will be 
increased permanently by more than a factor of two (beyond Year 6 in Table 2). Though the 
project will release fine sediment via erosion of the left bank wetland, the reengagement of 
off-channel areas will create a sink for sediment, noticeably outweighing the exported 
volume of fine sediment. Because it is expected that erosion of the left bank wetland will 
occur quickly following project completion, the annual storage volumes of fine sediment are 
suppressed by this erosion mostly at first (in the first 3 years). However, over a longer period 
of time (i.e., between 3 years and 6 years following project completion), the new channels 
through the left bank wetland will likely begin to develop their own natural levees, reducing 
the fine sediment flux to the floodplain with each successive splay deposit, ultimately 
reducing fine sediment storage. 

In general, the progression of changes beyond 10 years following project completion will be 
marked by continued formation of splay deposits all along the new channel pathway 
(Figure 7). These splay deposits will be the basis for natural levees that will confine most of 
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the floodwaters in the newly formed channels. The frequency of splay formation will diminish 
over time, but will persist well beyond the 30-year time frame. 

Coarse Sediment Budget 
From analogs elsewhere and the relative lack of coarse sediment in the left bank wetland 
to be reactivated by the project, it is expected that coarse sediment supply to the river 
downstream of the 8th Street E Bridge will be reduced by half initially as a result of the 
project (Years 1 through 3 in Table 2). The reduction in coarse sediment export is due to the 
complete storage of all bedload sediment entering the left bank wetland, which is expected 
to receive roughly half of the flow of the river. It is assumed that the existing channel will 
continue to export the same fraction of sediment as it does currently. From existing scientific 
literature describing the impacts of development and dredging on the sand-gravel transition 
(Frings et al. 2009) and the geotechnical borings completed in the left bank wetland and 
floodplain (King County 2012c), it is clear that prior to development (see the Predevelopment 
Conditions subsection above), most of the river substrate in the project reach was finer-
grained than under existing conditions. Restoration of inundation in the wetland will initially 
return the system to something more like the conditions immediately following the 1906 
avulsion. As a channel becomes established and woody debris is deposited through the left 
bank wetland, existing fine-grained sediments will be replaced with a coarse-bedded channel, 
as happened shortly following the 1906 avulsion (Figures 5A and 5B). The erosion of a new 
channel alone will trigger export of up to approximately 23,000 cubic yards of soil (fines 
and organics with minor amounts of coarse sediment and LWD), assuming a linear channel 
bed slope along the most-likely flow path and 3 feet of erosion depth, but a somewhat larger 
volume of sediment would be reworked as the new channel evolves. While this refers to fine 
sediment being eroded, the volume is useful in estimating the volume of coarse sediment that 
would deposit in the partial avulsion channel. Therefore a minimum conservative estimate of 
the volume to be reworked (i.e., the 23,000 cubic yards associated with a new main channel 
alignment) is slightly more than 1 year of bed material aggradation under existing conditions. 
Thus, it is plausible that the new channel could be formed completely in 3 years following 
project completion. 

After a portion of the main channel avulses, splay deposits of coarse sediment are expected 
to form and will rebuild natural levees along both the existing channel and the new channel 
network. These splay deposits are the largest sink for coarse material. Natural levee 
formation will also extend the length of time during which coarse sediment is preferentially 
stored in the project site beyond the time in which new channels are fully formed. The 
channel formation and natural levee rebuilding processes and their time to completion will be 
highly dependent on the sequence of flood flows that occur in the first few years following 
project construction. However, once the new left bank channel through the wetland is 
established and transport of coarse material through the wetland is reengaged, it is expected 
that gravel passage will eventually become similar to existing conditions (Table 2). However, 
the formation of natural levees may take much longer. It is extremely difficult to predict the 
timing of their formation. 
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Potential Downstream Impacts Resulting from Changes in Coarse Sediment Delivery 
The largest expected impact downstream of the project site due to changes in coarse sediment 
delivery will be local erosion in the vicinity of the 8th Street E Bridge, where in-channel flow 
will also be increased relative to 2011 conditions due to the elimination of flow over 8th 
Street E to the east as a result of a higher setback levee elevation. Sediment volumes observed 
at the project site in the past and at several analog sites were investigated to describe the 
evolution of the project site following construction (see list of analogs in the Methodology 
section). 

The potential impacts related to erosion downstream of the project site would be due to 
decreased coarse sediment delivery from the project site coupled with increased coarse 
sediment transport capacity in the downstream channel during those events where flow would 
overtop 8th Street E if the project were not constructed. Existing information allows 
estimation of the magnitude, extent and duration of such effects. 

The estimated 2011 existing conditions net export of coarse sediment from the project area 
into the White River downstream of 8th Street E is 6,000 cubic yards per year (Table 2). Coarse 
sediment export is expected to decrease to 3,000 cubic yards per year for the first 3 years 
after project completion and 4,100 cubic yards per year for the next 3 years. In year 7 and 
beyond, net coarse sediment export is estimated to be 5,900 cubic yards per year, which 
essentially is the same as the 2011 existing conditions level (Table 2). The resulting cumulative 
decrease in coarse sediment export from the project site relative to existing conditions in 
years 1 through 6 will be 14,700 cubic yards. If the affected area downstream is assumed to be 
the distance from the 8th Street E Bridge (RM 5.0) to the present-day gravel-sand transition (at 
approximately RM 3.5 according to Czuba et al. 2010), it is assumed that all coarse sediment 
exported from the site will deposit in that distance of 1.5 river miles, and with an average 
channel width of 180 feet, then a resulting net decrease of 14,700 cubic yards would translate 
to an average decrease in coarse sediment deposition of about 3.3 inches across the channel 
width relative to existing conditions. If that change in coarse sediment deposition occurs 
evenly through the first 6 years after project completion, then the average annual rate of 
coarse sediment deposition would be about a half an inch per year through those 6 years. 
The total net deposition (which includes both fine and coarse sediment) in this 1.5-mile length 
of the White River from 1984 to 2009 was about 2 feet (Czuba et al. 2010, Figure 6), which 
would translate to a 25-year average deposition rate of about an inch per year. Therefore, 
the project would effectively cut in half the long-term deposition rate in the channel for a 
distance of 1.5 miles downstream, for 6 years, but this river reach downstream of the project 
would continue to be depositional. Regardless of project effects, the downstream reach will 
continue to experience sediment transport and deposition fluctuations both in time and in 
space, as has occurred in the past. 

The changes in the coarse sediment load initially following project completion may result in 
some modest armoring (an increase in the grain size of surficial materials from fine gravel to 
coarse gravel and cobble) of the downstream channel. These effects are expected to be 
small, because even at its lowest, the expected rate of net coarse sediment export from the 
project site will be half of that in existing conditions. These effects are expected to be 
temporary, with a return to essentially the same amount of coarse sediment export from the 
site after 6 years (Table 2) as described above. 
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Similarly, while the containment of all flow at all times under the 8th Street E Bridge may 
cause channel erosion at the bridge, this location in an aggradational reach is important. 
From examination of the original design plans of the 8th Street E Bridge (Pierce County Road 
Department 1952), it is estimated that at least 6 feet of aggradation has occurred since the 
construction of the bridge in 1952 (C. Brummer, personal communication). Based upon the 
analog at Hansen Creek, where generally less than 1 foot of erosion occurred over the last 
3 years even at a constricted bridge similar to 8th Street E, degradation due to loss of 
sediment export alone is not expected to be greater than recent aggradation, particularly 
since the impact will be temporary (i.e., coarse sediment export is expected to return to 
existing conditions once splay and natural levee formation is complete). The geomorphic 
changes from loss of sediment supply and increased flow at the 8th Street E Bridge were 
not reflected explicitly in the hydraulic modeling originally performed (Herrera 2012c), but 
have been added to the final hydraulic modeling memorandum and shown to be negligible 
(Appendix E). Also at the Hansen Creek analog site, it was found that downstream erosion 
occurred in the first few years following levee setback and reconnection of that alluvial fan, 
but it did not significantly increase erosion risk to adjacent property owners (Mostrenko et al. 
2011). This is partly because of persistent and recent sediment aggradation that preceded 
the project. Large-scale bank erosion has not been observed at the Hansen Creek site, even 
though the relative impacts of the floodplain restoration activities are larger than in the 
Countyline project. The alluvial fan area reconnected at Hansen Creek is larger relative 
to the size of the main channel at the Countyline project site (e.g., as measured by the 
distance in stream widths that were restored). This means that the amount of sediment 
stored in the floodplain at Hansen Creek following construction was also larger, again 
measured in a relative sense. Therefore, the increased tendency for the channel to erode 
from the loss of coarse material downstream of the Countyline project site is not expected 
to be significant based on the insignificant impacts at Hansen Creek, even though the relative 
changes at that site were larger. Further, any reduction in coarse sediment load downstream 
of the Countyline project site is likely to (temporarily) improve upon what is currently a 
sediment aggradation problem that adds to flooding concerns downstream (as was the case at 
Hansen Creek). 

Fine Sediment Budget 
The amount of fine sediment stored or exchanged with the bed within the project site at any 
time is a small fraction of the total incoming suspended load (up to about 5 percent, from the 
percentage of the Storage Volume column to the Sediment Input column in Table 2). As a 
result, the volumes exchanged within the project site are expected to be negligible with 
respect to ambient conditions. However, the character of the sediment may change as 
more organic-rich sediment is eroded from the left bank wetland, as compared to inorganic 
(primarily glacially derived) sediment from further upstream. This change may be observed 
downstream, particularly in flood deposits in off-channel areas. 

It is clear that the project, by halving coarse sediment export in the first 3 years following 
construction with a concurrent slight increase on the fine sediment export, will increase the 
relative amount of fine sediment (with respect to coarse sediment) in transport downstream 
of the project site. Further, nearly all of the erosion in the left bank wetland will occur in 
fine-grained materials. This means that even though there is expected to be a net storage of 
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incoming fine sediment immediately following construction of the project, the total fine 
sediment exported from the project site will remain roughly the same until the new channel 
through the wetland becomes fully established. 

After the first 3 years of channel formation, when it is assumed that most of the fine 
grained sediment that will be removed from the left bank wetland has been eroded, the 
river will begin to store more fine sediment at the project site than it does under existing 
conditions. From estimations made as documented in Appendix A and summarized in Table 2, 
approximately twice as much fine sediment will be deposited within the project site as 
compared to existing conditions. This is not unexpected, as both the area and the frequency 
with which it will be inundated regularly will increase significantly. 

Potential Downstream Impacts Resulting from Changes in Fine Sediment Delivery 
The primary downstream impact will be a temporary impact of exporting more fine sediment 
than under existing conditions. This is entirely due to the erosion of the new left bank 
wetland channel, as the project will store more sediment in off-channel areas (i.e., outside 
the new left wetland channel) than under existing conditions. 

It is important to recognize that these changes will be minor compared to the volume of 
fine sediment traversing the study area in the existing conditions White River fine sediment 
regime. The average annual fine sediment export from the project site is approximately 
262,000 cubic yards per year based upon the sediment flux Czuba et al. (2011) measured 
at R Street minus the volume of fine sediment deposited in the area between R Street and 
8th Street E as measured by King County (2012b). The estimated fine sediment export from 
the project site is expected to be as much as 15,600 cubic yards per year greater than 
existing conditions over the first 3 years following project completion (Table 2). Therefore, 
at its maximum, the increase in fine sediment export from the project site will be about 
6 percent of the total transported in the river through the project area. This amount of 
change is much less than the temporal variability of fine sediment transport and deposition. 
Despite the small deviation in total fine sediment volumes, the character of the sediment 
in the first several hundred feet of river channel downstream of the project site may also 
change, particularly its organic content. This change will also be temporary (i.e., the time 
it takes for new channels to form in the left bank wetland, expected to be less than about 
3 years following project completion). Over the longer term (i.e., once the new channels 
through the left bank wetland are formed, expected to be about 6 years following project 
completion), fine sediment export will decrease because of increased storage in off-channel 
areas in the left bank wetland. Like the temporary impact from erosion of wetland areas, the 
change will be negligible (about 2 percent), as calculated by the difference between the 
sediment export in years 9 and 10 in Table 2 compared to existing conditions. Therefore, no 
significant off-site impacts associated with fine sediment storage or export are expected due 
to the project, with the possible exception of the change in the character of sediment 
deposited downstream from inorganic material to organic-rich material for several years 
following construction. 
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SSUMMARY OF FINDINGS 
The following statements can be made based upon the results of the analysis discussed 
herein: 

 The most likely conditions following construction of the setback levee are a new 
channel complex separated from the existing main channel by a band of woody 
riparian vegetation. 

 Coarse sediment export from the project site is expected to be reduced by half in 
the first few years following construction. About 7 years after project completion, 
coarse sediment will be passed at rates close to existing conditions. 

 The initial changes in the coarse sediment load may result in some minor armoring 
(change in the grain size of surficial materials from fine gravel to coarse gravel 
and cobble) of the downstream channel, but these are expected to be small and 
temporary, as they have been at an analogous floodplain restoration site at Hansen 
Creek in Skagit County. Any reduction in coarse sediment load is likely to improve 
upon what is currently a sediment aggradation problem. 

 Fine sediment export will also initially be reduced slightly despite erosion of a new 
channel complex in the left bank wetland. Unlike the coarse sediment transport 
through the project site, which should become equivalent to existing conditions given 
enough time, fine sediment storage increases at the project site will persist over time. 

 The volumes of fine sediment added to the river by the project initially after 
construction and removed over time due to deposition within the project area are 
insignificant when compared to the total flux and annual variability of fine sediment 
in the lower White River. Therefore, fine sediment deposition rates downstream 
are not expected to be noticeably changed as a result of the project. However, the 
character of the eroded material (color, organic content, etc.) will be different from 
the existing sediment load, and qualitative character changes in deposited sediment 
may be noticeable downstream. 

 Based upon the model results and current observed trends, there is a high likelihood 
that the White River will avulse to the east of 142nd Avenue E and through 8th 
Street E just east of the existing bridge crossing if the project is not constructed. 

 Bedload aggradation within the project site will be significant with or without the 
project. In 13.8 years without the project, it is estimated that the thalweg will reach 
the elevation of the existing left bank levee at the county line, at which time (or 
sooner) avulsion into the left bank wetland will be extremely likely. 

 The hydraulic model results of future conditions without the project are based on the 
surrounding floodplain topography that existed in 2011. Flood fighting measures such 
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as the emergency construction of additional earthen berms by individual property 
owners could occur, although such measures would likely have the effect of 
redirecting floodwaters and could produce flood and geomorphic hazards that are not 
those predicted by any of the analyses performed to date. 
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Introduction 
This appendix to the Task 300.3 Geomorphic Assessment memorandum describes the methods 
of analysis used to estimate the quantity and depth of fine sediment that might be deposited 
in the floodplain for two simulated flow events (the 2-year and 100-year recurrence flow 
events) and for floodplain conditions a few years after the construction of the Countyline 
Levee Setback project. The results of this analysis provide a relationship between peak 
discharge and rates of overbank sedimentation in floodplain areas that can be applied to 
floodplain areas for various flow events to simulate future conditions and geomorphic 
response to the project. The results of this analysis were also incorporated into the sediment 
budget for the project site and were used with other data to develop topographic surfaces for 
the hydraulic modeling of future conditions with and without the proposed project. 

Calculating the volumes and depths of fine sediment deposition for the floodplain portions of 
the project site requires estimating the suspended sediment loads that are conveyed onto 
floodplain areas (sediment flux) and then estimating the quantity of fine sediment that will 
settle out of suspension and deposit on the floodplain during a particular flow event. Since 
the majority of the sand and silt load in the White River is transported in suspension, the 
overall flux of material onto the floodplain depends on the concentration of suspended 
sediment in the water column as well as on the flux of water leaving the channel and entering 
the floodplain. Because flow velocities and shear stresses across the floodplain are much 
lower than in the main channel, it is likely that a significant fraction of suspended sediment 
entering the floodplain will settle and will not be re-entrained by the flow passing back into 
the channel; however, water passing from the floodplain to the channel could contain some 
suspended sediment (primarily silt and fine sand), meaning that simply estimating the flux of 
suspended sediment passing through the floodplain is not sufficient for making an estimate 
of floodplain sediment deposition and associated storage. In other words, the floodplain is 
unlikely to be perfectly efficient in storing suspended material that passes across its surface. 
It is for this reason that a trap efficiency must be determined as part of the analysis to 
estimate fine sediment deposition on the floodplain. 

The load of suspended sediment material within the White River is composed primarily of silt 
to medium sand. Sediment settling velocities within this range vary significantly. Turbulence 
in the main channel is sufficiently strong to keep the finer particles well mixed throughout 
the water column. However, for medium-sized sand particles, settling velocities are high 
enough that the majority of the sediment is transported relatively low in the water column. 
This tends to reduce the concentration of larger sediment particles in the upper portion of 
the water column, which is the portion of the flow that overtops the active channel banks and 
enters the adjacent floodplain. 

Methodology 
This section explains the computations performed to estimate a long-term trap efficiency 
factor (F) for the floodplain and then apply this result to the future conditions hydraulic 
model to estimate the volume and depth of fine sediment deposited on the floodplain for the 
various flow events anticipated for the future conditions. First a trap efficiency factor was 
calculated by comparing the computed sediment flux across a selected portion of the 
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floodplain to the actual volume of sediment deposited on this portion of the floodplain, 
Vobserved, as calculated by differencing the 2009 and 2011 LiDAR-based digital elevation models 
(DEMs). The sediment flux across this selected portion of the floodplain during the 2009-2011 
time period was computed using an existing RiverFLO-2D model (Herrera 2012b) developed 
previously for the project and the suspended sediment concentration profile developed for 
this analysis as described below. The RiverFLO-2D model simulated the historical hydrograph 
over the time period between the lidar surveys. The computations were then applied to the 
Scenario S1b (short-term future conditions 3 years following project construction) hydraulic 
model developed in RiverFLO-2D for this analysis to calculate the volume and depth of 
sediment deposition in the left bank floodplain and to develop a relationship between peak 
discharge and overbank sediment transfer rate that could be applied to other flow rates to 
estimate sediment deposition. 

A standard approach for estimating a suspended sediment concentration profile is that of 
Rouse, as summarized in Mays (2010). The Rouse profile provides an estimate of suspended 
sediment concentration at any depth within the water column given the bed shear stress, 
sediment particle settling velocity, and the concentration of suspended sediment at an 
arbitrary elevation within the flow field (usually taken to be near the bed). This allows the 
suspended sediment concentration to be computed high in the water column, at the level 
where floodplain flow originates. For the White River, the input variables necessary for a 
Rouse computation are available from the RiverFLO-2D model scenarios and from suspended 
sediment measurements or rating curves. 

For the purposes of the computation, average shear stress on the channel bed was computed 
by averaging the depth-slope product at several locations across a representative channel 
cross section, based on the RiverFLO-2D model results (Herrera 2012b). The section average 
shear stress  was then computed as: 

n

k
kkSH

n 1

1

         (1) 

where n is the number of points in the cross-section, 

 is the specific weight of water (62.4 lb/ft³), 

Hk is the local flow depth at station k within the channel, and 

Sk is the local water surface slope computed over a 20 foot-long window perpendicular 
to the cross section. 

Cross sections for which this computation was performed were located in the right bank 
wetland area south of the King-Pierce county line, as shown in Figures A-1 and A-2. 

Since suspended sediment concentration profiles depend strongly on the particle settling 
velocity, Rouse profiles were computed for each of five grain size classes, as summarized in 
Table A-1. The frequency of each size class in the overall suspended load was estimated by 
averaging the available suspended sediment grain size distributions published by Sikonia 
(1990) for the White River at Auburn. Seven measurements, taken at discharges of 2,900 and  
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Figure A-1. Locations of cross sections and density of points used in sediment flux analysis. 

 

 

 

 

 

 

 

 

 

 
 
Figure A-2. Cross sections used in sediment flux analysis. 
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12,000 cubic feet per second (cfs), were available for this purpose. Representative settling 
velocities for each sand size class (particle diameter [D] > 0.0625 millimeters, mm) were 
computed based on Dietrich (1982). Because silt/clay particle settling velocity cannot be 
computed accurately without detailed knowledge of mineralogy and density, the settling 
velocity for the finest class was iteratively adjusted so that the resulting sediment deposit 
contained an appropriate fraction of silt, as described below. Sensitivity tests showed 
that using a settling velocity of 0.05 cm/s, which corresponds to a particle diameter of 
approximately 0.024 mm, resulted in a silt/clay fraction in the 10 to 20 percent range. This 
was judged to be typical for floodplain deposits at the project site, given the qualitative 
observation that sand content was high in many of the splay deposits deposited between 2009 
and 2011. (Note that using a smaller settling velocity for this class would result in calculation 
of less overall silt/clay sedimentation). Table A-1 summarizes the overall suspended sediment 
size distribution in the load as well as settling velocities used in the analysis. 

Table A-1. Grain size distribution and settling velocities for suspended sediment in 
the White River in the vicinity of the Countyline project site. 

Size Class 
Representative Size Di

(mm) 
Settling Velocity Wi

(cm/s) Fraction fi

0.5 mm < D < 1 mm 0.71 11 0.03 

0.25 mm < D < 0.5 mm 0.35 4.8 0.16 

0.125 mm < D < 0.25 mm 0.177 1.9 0.30 

0.0625 mm < D < 0.125 mm 0.088 0. 60 0.23 

D < 0.0625 mm n/a 0.05* 0.29 

D – diameter 
cm/s – centimeters per second 
* Settling velocity for silt/clay was computed by calibration to ensure that overall silt/clay content in resulting 

deposit was in the 10-20% range. 
 
The Rouse computation also requires an estimate of the suspended sediment concentration 
at an arbitrary point within the flow field near the bed. Once the near-bed concentration 
is specified, suspended sediment concentration can then be computed at any depth. When 
multiplied by flow velocity and integrated in the vertical direction, this provides an estimate 
of the total suspended sediment load within the channel in each size class. Since total 
sediment load can also be estimated from a suspended sediment rating curve for the site, it 
is possible to back-calculate the necessary boundary condition concentration at the arbitrary 
elevation given the flow-averaged suspended sediment concentration for the fraction (fi) in 
each size class Ci computed from the rating curve: 

Ci = fi(aQb)          (2) 

where a and b are, respectively, the coefficient and exponent in a power-function fit 
between overall suspended sediment concentration (C, mg/L) and discharge (Q, cfs). 

The rating curve is shown in Figure A-3. 
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Figure A-3. Suspended sediment rating curve developed using data from Sikonia (1990) 

and the US Geological Survey (http://waterdata.usgs.gov/nwis) for the 
R Street Bridge (USGS gage 12100490). 

Because the process for computing near-bed sediment concentration requires a numerical 
computation of the product of flow velocity and suspended sediment concentration at a range 
of depths, an estimate for the profile of velocity with depth is required. The standard log 
velocity profile of Keulegan as given by Parker (2006), which relates local velocity (u) to 
elevation (z), was used for this purpose:  

sk
z

u
u 30ln1

*          (3) 

where u* is the shear velocity ( *u  , which is available from RiverFLO-2D model 
output), and 

 is the von Karman constant (  = 0.4).
 

The Keulegan relation requires the specification of a channel roughness parameter (ks). While 
ks is related to sediment grain size, this has already been accounted for in the calibrated 
results of the RiverFLO-2D model. The parameter ks was thus computed for the in-channel 
portion of each analysis cross-section using the section-averaged flow depth ( H ) and depth-
averaged velocity (U ) provided as output from the representative channel cross sections: 
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          (4b) 

where Hk and Uk are, respectively, the depth and depth-averaged velocity at each 
point within the channel as sampled from the RiverFLO-2D model. 
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With H and U known, it is possible to estimate ks and thus develop an average, in-channel 
velocity profile that is consistent with the RiverFLO-2D model for each time step. This also 
allows for the computation of a flow-weighted average suspended sediment concentration in 
each size class, iC : 

j

m

j
j

j

m

j
jij

i

zu

zCu
C

1

1
,

         (5) 

where uj is the local velocity at elevation zj as computed from the log velocity profile, 

Ci,j is the local suspended sediment concentration in class i for elevation zj, and 

zj is the depth increment. 

The near bed concentration was specified so that iC  equals Cj from the rating curve (i.e., 
from equation 2), with the associated near-bed elevation computed as the larger of 5 percent 
of the flow depth or 5 percent of the computed roughness height ks. 

The overall suspended sediment concentration in each size class in the flow spilling onto the 
floodplain, ifpC ,  was computed using equation 5, but with the bottom elevation (i.e., z for 
j=1) taken as the average elevation of the floodplain for a given cross section. Overall 
sediment flux to the floodplain for each size class, Qs,i, was then estimated for each flow as: 

ifpfpis CQQ ,,           (6) 

where Qfp is the total discharge across all points in the floodplain as estimated from 
the RiverFLO-2D output: 

n

k
kfp QQ

1

          (7) 

where Qk represents the discharge across a given section ofthe floodplain. 

Hydraulic Model Information Used to Calculate Suspended Sediment 
Concentration Profiles for Calibration Simulation 

Figures A-4a, A-5a, and A-6a summarize the RiverFLO-2D model information for water surface 
elevation, total discharge, floodplain discharge, and channel bed elevation averaged across 
Sections A, B, and C, respectively, as a function of time (each time step in the figure represents 
15 minutes). The hydraulic variables found here are described in detail in Herrera (2012). Note 
that in these figures, bed elevation is not constant because the RiverFLO-2D model was run 
in active bed mode in order to simulate the loss of main channel capacity that occurred over 
the simulation period (Herrera 2012b). Figures A-4b, A-5b, and A-6b summarize the results of 
the Rouse computations for suspended sediment concentration at floodplain level using the 
hydraulics and geometry of each respective section as input. Note in Figure A-6b that, after 
approximately 60 percent of the model run, flow velocities in the channel at this section 
become negative (and are not shown) because of an eddy that forms at this location in the 
channel. 
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Figure A-4a. Modeled water surface elevation and discharge discharge versus time at 

Section A. 

 

 

 

 

 

 

 

 

 

 
 
 
Figure A-4b. Average main channel flow velocity from hydraulic model and computed 

suspended sediment concentration at floodplain level for Section A. 
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Figure A-5a. Modeled water surface elevation and discharge versus time at Section B. 

 

 

 

 

 

 

 

 

 

 

 
 
Figure A-5b. Average main channel flow velocity from hydraulic model and computed 

suspended sediment concentration at floodplain level for Section B. 
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Figure A-6a. Modeled water surface elevation and discharge discharge versus time at 

Section C. 

 

 

 

 

 

 

 

 

 

 

 

 
Figure A-6b. Average main channel velocity from hydraulic model and computed 

suspended sediment concentration at floodplain level for Section C. 
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Computation of Deposition and Trap Efficiency 
The overall sediment flux onto the floodplain is probably greater than the flux that is stored 
there because some of the sediment in the water column may not have time to settle before 
flow returns to the channel. This was accounted for using an equation for average floodplain 
deposition for a given floodplain flow discharge (Qfp) taken (with minor modifications to 
account for differences in variable definitions) from Lauer and Parker (2008a): 

fp

is

b

fpifp
i Q

AW
A

QC
FD ,, exp1

       (8) 

where Di is the average volumetric deposition rate on the floodplain for sediment in 
size class i, 

Ws,i is the settling velocity for particle size class i, 

A is the floodplain area for a typical floodplain flow path (product of typical length 
and width as given by Lauer and Parker [2008a]), and 

b is the dry bulk density of floodplain sediment. 

For high settling velocities, the term in parentheses is approximately equal to 1, and the trap 
efficiency factor (F) represents the ratio of sediment transferred across the floodplain to net 
sediment storage on the floodplain. For velocities and discharges in the range likely at the 
project site, the term in parenthesis is nearly equal to one except for the silt/clay particle 
size class. For low settling velocities or short flow path lengths, the term in the parenthesis 
accounts for the return of unsettled material to the main channel after flow crosses the 
floodplain. This sediment flux, Qs,return,i, can be computed as 

fp

is
isireturns Q

AW
QQ ,

,,, exp1        (9) 

The total deposition rate (D) is found by summing across all grain sizes: 

n

i
iDD

1

          (10) 

The total long-term sedimentation volume (V) can then be computed by weighting D using a 
flow duration curve or simply by computing D for each time step in the numerical model, 
multiplying by time step length ( t), and summing: 

tADV
          (11) 

The trap efficiency factor F was computed independently for each of the three different cross 
sections based on the observed sedimentation volume (Vobserved) computed by differencing two 
LiDAR-based DEMs. 
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The term in the denominator of Equation 12 represents storage volume that would occur in 
the floodplain were F=1. 

Hydraulic Model Information Used to Calculate Suspended Sediment 
Concentration Profiles for Future Conditions 

Output from the River FLO-2D hydraulic model for the Scenario S1b (short-term future 
conditions three years following project construction) surface were sampled at three cross 
sections shown in Figure A-7. Cross-section S1b-A characterizes hydraulic conditions within 
a backwater area to the northeast of the splay in the S1b surface. Cross-section S1b-B 
characterizes conditions near the source of overbank flow for much of the central floodplain 
area located to the southwest of the splay. The conditions in the main channel at cross-
section S1b-B are thus representative of suspended sediment concentration in the water that 
eventually flows onto the floodplain. Cross-section S1b-C encompasses the central floodplain 
area and thus characterizes velocity and discharge across the floodplain. Additionally, flow 
in the main channel at section S1b-C likely remains in the main channel, as indicated by the 
velocity vectors in Figure A-7. For these reasons, cross-section S1b-C was used to characterize 
the floodplain discharge for cross-section S1b-B, and suspended sediment concentration at 
section S1b-C was not computed. 

The three cross-sections are plotted in Figure A-8 and were used to identify the elevation 
from which flow passing onto the floodplain would likely originate. For section S1b-A, flow 
was assumed to leave the channel at elevation 75.5 feet. For section S1b-B, this elevation 
was assumed to be 77.5 feet. Computations for suspended sediment concentration in the 
flow crossing the floodplain are based on the average from the Rouse profile above these 
respective elevations. 

Hydraulic computations were performed for two flood events—a 2-year, 48-hour event with a 
peak discharge of 9,692 cfs, and a 100-year, 48-hour event with a peak discharge of 15,532 
cfs. For these events, discharge and suspended sediment concentration (SSC) were computed 
for the floodplain, and flow velocities were computed in the main channel where flow enters 
the floodplain. For the central floodplain area, all in-channel estimates were based on section 
S1b-B, and all floodplain discharge estimates were based on section S1b-C. The computation 
requires a definition of the boundary between channel and floodplain. For Section S1b-A, 
the channel was defined as being between cross-channel coordinates 70 and 170, and the 
floodplain was defined as being between coordinates 175 and 765. For the central floodplain 
area, all in-channel estimates were based on section S1b-B between coordinates 535 and 625. 
Floodplain discharge estimates for the central floodplain area were based on the portion of 
section S1b-C between coordinates 780 and 1520. 
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Note: Arrows indicate direction of flow. Hot colors indicate zones of high depth. 

Figure A-7. Location of cross-sections used for analysis of sedimentation rates given 
Scenario S1b topography. 

 

 

 

 

 

 

 

 

 

 

Figure A-8. Cross-sections sampled from hydraulic model, Scenario S1b surface. 
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For each timestep, gross sediment flux onto the floodplain in size class i, Qs,,i, was computed 
according to equation 6.The total mass of sediment theoretically transferred from the river 
channel to the floodplain during the simulation period, Qs,total, and the total mass transferred 
back from the floodplain to the river channel at the lower end of the floodplain, Qs,return, were 
then computed by summing across all time steps and grain sizes: 

j

m

j

n

i
istotals tQQ

1 1
,, ; 

m

j
j

n

i
ireturnsreturns tQQ

1 1
,,,     12 

The volume of the sediment theoretically retained in the floodplain (i.e. prior to adjusting for 
trap efficiency), Vuncalibrated, was then computed using equation 13: 

b

returnstotals
eduncalibrat A

QQ
V ,,         13 

The trap efficiency factor F can then be computed simply by taking the ratio of an observed 
sediment volume Vobserved to Vuncalibrated. 

Results – Calibration Simulation 
Total overbank mass flux of suspended sediment across the floodplain, Qs,total, the theoretical 
return flux to the river Qs,return, the net difference, uncalibrated and observed storage 
volumes, and trap efficiency factors computed using the hydraulic output from the calibration 
simulation (Herrera 2012b) are provided in Table A-1. Results are presented independently for 
sections A, B, and C, respectively. In general, the value for F is found to be below 0.10 for 
all but section C, where the hydraulics are influenced by an eddy that locally causes flow 
velocity to drop to near zero at certain points in the cross-section. These results are generally 
consistent with the findings of Lauer and Parker (2008b), who calculated a value of F=0.05 on 
the Clark Fork in Montana based on extensive observations of overbank deposition associated 
with historical mine tailings disposal. 

Table A-2. Results of floodplain sedimentation computations for the calibration 
simulation. 

Section A Section B Section C 
Total Flux Overbank Qs,total (tons) 42,105 49,836 11,402 

Mass Bypassing Floodplain Qs,return (tons) 9,817 16,568 2,544 

Net Floodplain Storage Qs,total-Qs,return (tons) 32,288 33,268 8,858 

Uncalibrated Floodplain Storage Volume Vuncalibrated(CY)* 29,484 30,379 8,088 

Observed Floodplain Storage Volume Vobserved(CY)* 2,537 2,537 2,537 

Calibration Factor F (Trap Efficiency) 0.086 0.084 0.314 
*Computations assume dry bulk specific gravity for floodplain deposit = 1.3. 
 

Results – Future Conditions 
Figures A-9 through A-12 show the results of the hydraulic and suspended sediment 
computations for future conditions 3 years after project construction as simulated for the 
Scenario S1b surface. Figures A-9a and A-9b show, respectively, time series for flow and 
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suspended sediment concentration in the portion of the water column above floodplain level 
for the 2-year event at section S1b-A. Figures A-10a and A-10b show the same respective 
results for the central floodplain area. In figures A-10a and A-10b, the main channel flow 
velocity, water surface elevation, and SSC data were computed from section S1b-B and 
floodplain discharge was computed from section S1b-C. Figures A-11a and A-11b show 
corresponding results for the 100-year flood event for Section S1b-A. Figures A-12a and A-12b 
show the 100-year results in the central floodplain area. Note that each time step in the 
figures represents 15 minutes. 

The results of the total floodplain sediment flux calculations are summarized in Table A-4. 
The net floodplain storage was calculated by multiplying the gross flux by a trap efficiency 
factor F of 0.1 based on the existing conditions model results summarized in Table A-2 for 
sections A and B. As noted earlier, the results at Section C were not used because of the non-
representative flow conditions. Approximate average deposition rates were then found by 
assuming the sediment will be distributed across a roughly rectangular area of the dimensions 
(length and width) shown in the table. 

Table A-4. Summary of floodplain sediment deposition calculations for 2-year and 
100-year flood events for Scenario S1b surface. 

Section S1b-A 

Central Floodplain 
(computed using results from 

Sections S1b-B and S1b-C) 

2-year 100-year 2-year 100-year 
Elevation from which water is drawn (ft) 75.5 75.5 77.5 77.5 

Average floodplain water flux for event (cfs) 830 1,296 1,655 3,832 

Average SSC for event for floodplain (mg/l) 495 270 1,007 1,543 

Unadjusted overbank sediment flux for event (tons) 1 543 3,460 6,696 21,706 

Net floodplain storage for F = 10% (tons) 54 346 670 2,171 

Typical floodplain length (ft) 600 600 1,600 1,600 

Typical floodplain width (ft) 600 600 700 700 

Average depth of deposition (in) 2 0.04 0.28 0.18 0.57 
1 Neglects some fine sand and silt that would not settle over assumed floodplain length 
2 Assumes bulk specific gravity = 1.3 
 
The computations also allow for the generation of rating curves for maximum potential net 
suspended sediment transfer rates (Qs,total – Qs,return), unadjusted by trap efficiency, into cross-
section S1b-A or the central floodplain area. 

These are summarized for the 2-year and 100-year events, respectively, in Figures A-13 
and A-14. In both cases, sediment appears to begin entering floodplain areas for main channel 
discharges on the order of 4,000 to 5,000 cfs. These figures can be used to estimate long-term 
sediment storage for events much less than the 2-year flood peak and also greater than the 
100-year flood peak, but are based on a 48-hour flood hydrograph. Gross sediment flux can 
be estimated by discretizing a hydrograph into a series of “bins” representing characteristic 
discharges and then by multiplying the gross sedimentation rate (y axis) for each discharge 
bin by the appropriate time interval. This gross flux should then be multiplied by an 
appropriate trap efficiency factor in order to estimate net sediment storage. 
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Figure A-9a. Hydraulic model results for Scenario S1b surface at Section S1b-A for 2-

year, 48-hour flood event. 

 

 

 

 

 

 

 

 

 

 

 
 
Figure A-9b. Average main channel flow velocity from hydraulic model analysis of 

Scenario S1b surface and computed suspended sediment concentration 
(SSC) at floodplain level for Section S1b-A for 2-year, 48-hour flood event. 
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Figure A-10a. Hydraulic model results for Scenario S1b surface in central floodplain area 

(characterized using Section S1b-B for water surface elevation and Section 
S1b-C for floodplain discharge) for 2-year, 48-hour flood event. 

 

 

 

 

 

 

 

 

 

 

 
Figure A-10b. Average main channel flow velocity from hydraulic model analysis of 

Scenario S1b surface and computed suspended sediment concentration 
(SSC) at floodplain level for Section S1b-B (used to characterize central 
floodplain area) for 100-year, 48-hour flood event. 
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Figure A-11a. Hydraulic model results for Scenario S1b surface at Section S1b-A for 100-

year, 48-hour flood event. 

 

 

 

 

 

 

 

 

 

 
 
 
Figure A-11b. Average main channel flow velocity from hydraulic model analysis of 

Scenario S1b surface and computed suspended sediment concentration 
(SSC) at floodplain level for Section S1b-A for 100-year, 48-hour flood 
event. 
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Figure A-12a. Hydraulic model results for Scenario S1b surface in central floodplain area 

(characterized using Section S1b-B for water surface elevation and Section 
S1b-C for floodplain discharge) for 100-year, 48-hour flood event. 

 

 

 

 

 

 

 

 

 

 

 
Figure A-12b. Average main channel flow velocity from hydraulic model analysis of 

Scenario S1b surface and computed suspended sediment concentration 
(SSC) at floodplain level for Section S1b-B (used to characterize central 
floodplain area) for 100-year, 48-hour flood event. 
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Note: Unfilled circles (red) represent results at Section S1b-A, and filled diamonds (blue) represent results at 
Sections S1b-B and C. 

Figure A-13. Relationship between overall rate of overbank sedimentation (unadjusted for 
trap efficiency) and main channel discharge for 2-year, 48-hour flood event. 

 

 

 

 

 

 

 

 

 

 
 
 
Note: Unfilled circles (red) represent results at Section S1b-A, and filled diamonds (blue) represent results at 
Sections S1b-B and C. 

Figure A-14. Relationship between overall rate of overbank sedimentation (unadjusted for 
trap efficiency) and main channel discharge for 100-year, 48-hour flood 
event. 
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Summary 
The analysis presented herein provides a mechanism for computing net overbank sediment 
storage volumes in floodplain areas subject to regular inundation by flood flow. In the 
analysis, floodplain sediment storage depends on sediment flux in the main channel as 
computed using a suspended sediment rating curve, the size distribution of the suspended 
sediment, the flux of water across the floodplain, floodplain elevation, cross-section averaged 
hydraulics within the main channel from which water is transferred to the floodplain, and the 
sediment trap efficiency of the floodplain. Trap efficiency for the project site was estimated 
by comparing sediment storage observed for the 2009-2011 period, computed by differencing 
LiDAR-based DEMs, with the volume of sediment that the theory would show is deposited for a 
trap efficiency of 1. 

Floodplain flux and in-channel hydraulic parameters were computed using the output from a 
two-dimensional hydraulic model (Herrera 2012b). To account for variability within the 
model, floodplain trap efficiency was computed based on the hydraulics at three separate 
cross sections. Trap efficiency thus computed ranged from 0.084 to 0.341. Because the cross-
section characterized by the highest trap efficiency was located within a hydraulically 
complex eddy that experienced very low velocities for part of the simulation, the average 
trap efficiency computed from the other two sections, rounded up to 0.1, was used for 
making projections regarding possible future sediment accumulation rates. Additional 
floodplain sedimentation observations could improve the estimate of floodplain trap 
efficiency. 

Simulated sedimentation depths for storms representing the 2-year and 100-year recurrence 
floods ranged from 0.04 to 0.57 inches over a 48-hour simulation period. Within the central 
floodplain area at the site, the sedimentation simulated for the 2-year event, 48-hour event 
was over half the sedimentation associated with the 100-year, 48-hour event, indicating that 
overbank sedimentation will likely be dominated over the long term by inundation that occurs 
relatively frequently. The simulations also show that sedimentation would be possible for 
discharges that are significantly lower than the 2-year recurrence peak flow of 9,692 cfs. 
Rating curves were developed that can be used for estimating overbank sedimentation rates 
at discharges ranging from approximately 4,000 cfs up to the 100-year discharge of 
15,532 cfs. 

The simulations upon which this analysis was based assume that floodplain hydraulics 
are consistent with conditions likely to occur within approximately 3 years after project 
construction. Over extended periods of time, any aggradation within the main channel that 
reduces its capacity would be likely to increase overbank sedimentation rates. Because 
overbank deposition depends on the product of floodplain discharge and suspended sediment 
concentration, and because the suspended sediment concentration in the flow entering the 
floodplain depends on the depth of the main channel, aggradation in the main channel would 
likely increase overbank sedimentation at rates that are disproportionately larger than to the 
relative increase in floodplain inundation frequency, at least initially. However, long-term 
accumulation of material on the floodplain would tend to counter this effect by raising the 
elevation of the channel banks and thereby reducing floodplain discharge. 
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Table 1.  Results of Pier Scour Analysis at the 8th Street bridge, Countyline Levee Setback Project

Pier No. 21 Pier No. 3 Pier No. 2 Pier No. 3 Pier No. 2 Pier No. 3 Pier No. 2 Pier No. 3
y1 ft 9.62 7.30 11.50 7.86 4.89 4.98 10.55 6.33 Flow depth upstream of pier
V1 ft/s 6.30 6.53 9.43 11.04 4.31 4.42 10.41 12.20 Mean flow velocity upstream of pier
a ft 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 Pier width
L ft 29.0 29.0 29.0 29.0 29.0 29.0 29.0 29.0 Pier length
θ degrees 15 15 15 15 15 15 15 15 Angle of attack
g ft/s2 32.2 32.2 32.2 32.2 32.2 32.2 32.2 32.2 Acceleration of gravity
D50 mm 16 16 16 16 16 16 16 16 Median grain size
D95 mm 100 100 100 100 88 88 100 100 95th percentile grain size
K1 dimensionless 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 Correction factor for pier nose shape
K3 dimensionless 1.10 1.10 1.10 1.10 1.10 1.10 1.10 1.10 Correction factor for bed condition
K2 dimensionless 2.74 2.74 2.74 2.74 2.74 2.74 2.74 2.74 Correction factor for angle of attack
Fr dimensionless 0.36 0.43 0.49 0.69 0.34 0.35 0.56 0.85 Froude Number
VcD50 ft/s 6.10 5.83 6.28 5.90 5.45 5.47 6.19 5.69 Critical velocity for incipient motion for D50
VcD95 ft/s 8.65 8.65 8.65 8.65 8.29 8.29 8.65 8.65 Critical velocity for incipient motion for D95
VicD50 ft/s 3.24 3.10 3.34 3.14 2.90 5.47 3.29 3.02 Approach velocity required to initiate scour
VicD95 ft/s 5.07 5.07 5.07 5.07 4.82 4.82 5.07 5.07 Approach velocity required to initiate scour
VR dimensionless 2.96 4.52 5.01 9.54 2.25 2.36 6.32 14.80 Velocity‐intensity ratio
K4 dimensionless 0.47 0.50 0.51 0.56 0.45 0.45 0.53 0.60 Correction factor for "armoring"
ys ft 6.33 6.59 8.34 9.34 4.71 4.80 8.91 10.11 Scour depth

ys' ft 55.9 57.9 52.5 55.1 62.0 61.9 53.7 56.64 Elevation at max. scour depth (NAVD 88)2, 3

delta ft 10.4 12.4 7.0 9.6 16.5 16.4 8.2 11.1 Height of scour hole above pile cap3

xs ft 14.7 15.2 18.7 20.7 11.4 11.6 19.8 22.2 lateral and upstream extents (2:1 slopes)4, 5

zs ft 54.3 55.4 62.4 66.4 47.8 48.2 64.6 69.4 downstream extent (4:1 slopes)4, 5

Notes:
Calculations based on HEC‐18, CSU Equation (Richardson et al. 1975) with K4 correction
1. Pier numbering is from west to east.
2. Calculated from bed elevation minus scour depth.
3. Pile cap is at elevation 45.5 ft (NAVD 88) per 1952 construction drawings.
4. Based on Lagasse et al. 2010. NCHRP Report 653, Effects of Debris on Bridge Pier Scour.
5. lateral and downstream scour include bridge pier dimensions.

Variable Units Description
S4a (No‐action, year 0) S1a (with project, year 0) S4c (No‐action, 15 years) S1c (with project, 15 years)

HEC‐18 [CSU Equation (Richardson et al. 1975) with K4 correction]
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IINTRODUCTION 
This Hydraulic and Sediment Transport Modeling Memorandum was prepared for King County’s 
proposed White River at Countyline Levee Setback Project (the project). King County intends 
to remove a levee in the project area to improve flood water conveyance, thereby reducing 
flooding impacts on area residents, as well as to improve habitat for resident fish and 
wildlife.

King County retained Herrera Environmental Consultants, Inc. (Herrera) to perform hydraulic 
and sediment transport modeling for the proposed project and document the modeling results. 
The methods and results presented in this memorandum are for the hydraulic and sediment 
transport modeling performed by the project team prior to a decision to not proceed further 
with sediment transport modeling and to adapt the approach laid out in Herrera (2011). 
Therefore, the sediment transport modeling results presented herein are for only the 
calibration and validation phase of the sediment transport modeling.

Based upon the calibration and validation results, King County determined that the sediment 
transport model was not suitable to achieve the objectives listed below. Support for this 
determination is provided in the Model Assumptions Relevant to the Project Site section and 
Conclusion section of this memorandum. The hydraulic modeling results generated for the 
project to date are sufficiently accurate to rely upon continuing use of the hydraulic model 
moving forward in support of the design process.

Project Site and Study Area 
The proposed project site is on the left (east) bank of the White River between river mile 
(RM) 4.9 and RM 6.1, downstream of the A Street Bridge. The project site lies within 
incorporated King County, Washington in the City of Pacific and also extends into the City of 
Sumner in incorporated Pierce County, with a small portion lying in an area of unincorporated 
Pierce County (Figure 1).

The study area, which in the case of a modeling project is the model domain, extends 
between approximately RM 4.4 and RM 6.7. A study area larger than the project site is 
required to properly “spin-up” the numerical hydraulic model and to identify risks to adjacent 
infrastructure, such as the A Street Bridge, a Burlington Northern and Santa Fe Railway (BNSF) 
bridge, Stewart Road SE and its bridge crossing over the river, and private development on 
both sides of the river.

Objectives 
The hydraulic and sediment transport analysis for the project focuses on the determination 
of geomorphic changes associated with the project and associated effects on flooding 
characteristics in the study area. It also supports evaluating the consequences of no action 
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(doing nothing) on the future flooding characteristics in the study area. It is well established 
that the study area is a locus for sediment deposition (Herrera 2010, 2011; Czuba et al. 2010;
Collins and Montgomery 2011). Therefore, the objectives of the hydraulic and sediment 
transport modeling were to:

1. Estimate the impact of future sediment deposition on the extent of flood inundation 
under existing and proposed conditions

2. Estimate the amount of sediment stored in the study area and that could be exported 
farther south (downstream) over 5 years in both existing and proposed conditions

3. Determine the maximum range of probable flow velocities and depths near the 
proposed setback infrastructure (that is, the biorevetment and floodplain engineered 
log jams [ELJs]) over the first 5 years following construction

4. Identify possible consequences and mitigation actions necessary to successfully 
complete the proposed levee setback project

RiverFLO-2D Modeling Overview 
The software used to perform sediment transport modeling for this project is RiverFLO-2D. 
RiverFLO-2D is a hydrodynamic and mobile-bed model specifically developed for rivers. It is a 
two-dimensional, finite-element model for routing flood flows that enables high-resolution 
flood hydraulic analysis. A flexible triangular mesh refines the flow field around key river 
features in complex river environments. RiverFLO-2D has been applied on a number of river 
projects worldwide. RiverFLO-2D uses the shallow-water equations for depth-averaged free 
surface flow that allow obtaining water surface elevations, and two components of the 
velocity (Garcia et al. 2006), resulting in resolution of detailed two-dimensional channel 
hydraulics and overbank flooding characteristics.

The RiverFLO-2D user interface is based upon the Argus Open Numerical Environment (Argus 
ONE) platform. This GIS-integrated software system provides interactive functions to generate 
and refine the finite element mesh representing the topographic and bathymetric surface 
over which flood flow is routed. It also facilitates assigning boundary conditions and roughness 
values. Finally, it serves as the means to export model results to GIS-based platforms.

To predict sediment transport and channel bed elevation changes for each time step, 
RiverFLO-2D uses the output of the hydrodynamics simulation described above and solves the 
Exner sediment-conservation equation for depth-averaged transport. The Exner equation 
provides the spatial and temporal evolution of bed elevation, determining areas of erosion 
and deposition throughout the model domain. Several sediment transport formulas may be 
used in the RiverFLO-2D model to calculate the sediment flux. Earlier calibration work found 
that the Ackers and White (1975) sediment transport formula best fits conditions at the
project site (Herrera 2011).



$

$

$

$

$

$
$

$ $
$

$ $ $

$

$

$

$

$

$

$

$

$

$

$

$

$

$

$

$

K I N G  K I N G  
C O U N T YC O U N T Y

P I E R C EP I E R C E
C O U N T YC O U N T Y

White River

City of
Pacific 

Right Bank Project Site

Countyline Project Site

16
th

 S
t E

Valentine Ave SE

East Valley Hwy E

LAKE TAPPS PKWY E

Butte Ave SE

MONTEVISTA DR SE

140th Ave Ct E

S
te

w
ar

t R
d 

S
E 142nd Ave E

2n
d 

S
t E

Francis Ct SE

15
1s

t A
ve

 E

12
th

 S
t E

8t
h 

St
 E

Government
 C

ha
nn

elUP RR

BNSF RR

6

5

4

6.7

6.6

6.5

6.4

6.3

6.2

6.1

5.9

5.8

5.7

5.6

5.4

5.3

5.25.1

4.94.84.7
4.6

4.5

4.4

4.3

4.2

4.1

A St SE

3r
d 

A
ve

 S
E

Butte Ave

1s
t A

ve
 S

E

Oravetz Rd

Milwaukee Blvd S

River Dr

Skinner Rd

Lakeland Hills W
ay

St Paul Blvd

Valentine Ave

Pacific Ave S

B St SE

Alder LnAlder Ln S

O
ra

ve
tz

 P
l S

E

Hawthorne Ave

4t
h 

A
ve

 S
E

5t
h 

A
ve

 S
E

H
om

er
 A

ve

W
ay

ne
 A

ve

2n
d 

Av
e 

S
E

Aspen Ct

2n
d 

Av
e 

N
E

Pacific Ave N

3r
d 

A
ve

 N
E

B
ut

te
 P

l

Eastgate Ave

2nd Pl S

O
akhurst D

r

47th St SE

Aspen Ln N

Birch Ln

E
as

em
en

t

44
th

 S
t S

E

53rd St SE

Cedar Ln

Sunset Dr

Pacific Ave

W
ay

ne
 A

ve
 S

E

Hawthorne Ave S

P
ac

ifi
c 

P
l

Va
le

nt
in

e 
C

t

4t
h 

A
ve

 S
E

2n
d 

Av
e 

SE

Hawthorne Ave S

5.5

12
88

80
0

12
88

80
0

12
89

60
0

12
89

60
0

12
90

40
0

12
90

40
0

12
91

20
0

12
91

20
0

12
92

00
0

12
92

00
0

12
92

80
0

12
92

80
0

12
93

60
0

12
93

60
0

12
94

40
0

12
94

40
0

12
95

20
0

12
95

20
0

12
96

00
0

12
96

00
0

92000

92000

92800

92800

93600

93600

94400

94400

95200

95200

96000

96000

96800

96800

97600

97600

98400

98400

99200

99200

100000

100000

100800

100800

101600

101600

Figure 1. 
Vicinity map of the White River at
Countyline project site and study area.

0 800 1,600400
Feet

Aerial: USDA (2009)

Legend

First- and second-generation 
modeling domain

Third-generation model domain

Project site

County boundary

Railroad

$ River mile

PA
C

IF
IC

 O
C

E
A

N

OREGON

WASHINGTON

Area of
map detail

Produced by: GIS (rdr)
File path: K:\Projects\09-04375-140\Project\Site_Map.mxd



 



May 2012

Hydraulic and Sediment Transport Modeling Tech Memo—White River Countyline Levee Setback Project 5

MMETHODOLOGY 
The background methodology of the modeling work for the project is described in large part 
in Herrera (2011); however, updates to that approach and cursory background information are 
summarized here. Numerical models require a set of boundary conditions for each simulation 
that consist of discharge at the upstream end of the computational mesh, and water surface 
elevation or a rating curve at the downstream end of the computational mesh. The boundary 
conditions and other input data developed for the project models are described in this
section. Field measurements from the project site were also needed to calibrate the models. 
Figure 1 shows the RiverFLO-2D model domain, along with many other key locations discussed 
in the following sections.

Topographic Data 
Three different topographic data sets were used in the modeling analysis. Table 1 summarizes a 
description of these data sets and their sources. They were all derived from three-dimensional 
surfaces produced by King County and its consultants. Table 1 also summarizes the modeling 
uses of the different data sets. The following section describes the sequence of modeling work 
that has been done using these data sets.

Table 1. Summary of Topographic Surfaces Used in the Sediment Transport Modeling.

Name Constituents Use

2007/2008 Bathymetric sections (March 2007, April 2008), 
Photogrammetric analysis (March 2007) 

Initial sediment transport calibration geometry,
hydraulic calibration geometry (first and second 

generation hydraulic modeling)

2009 Bathymetric sections (April 2009), 
Lidar (February 2009), 

wetland survey (March 2009)

Final sediment transport calibration geometry, 
initial sediment transport validation geometry,

third generation hydraulic modeling

2011 Bathymetric sections (April 2011), 
Lidar (March 2011)

Final sediment transport validation geometry,
fourth (final) generation hydraulic modeling

Hydraulic Modeling Approach 
Four “generations” of hydraulic modeling have been run to date for the project. The first 
generation of modeling was performed by Northwest Hydraulic Consultants (NHC) and is 
summarized in Herrera (2011). This modeling consisted of calibration runs for existing 
conditions, comparing simulated results to observations made during the January 2009 flood 
event. It also used what is called hereafter as the “Build B” version of the RiverFLO-2D 
model.
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Based upon the recommendations of Herrera (2011), King County updated the first-generation 
model to refine its resolution in selected areas. These refinements were first made on the 
2007/2008 surface for calibration purposes. As with original calibration documented by
Herrera (2011), the January 2009 flood event was simulated and compared to high-water-
mark observations made during that event. The computational mesh was refined to better 
resolve flood predictions in key locations in the model domain, which required increasing
(densifying) the number of elements in the mesh. These refinements are summarized in 
Table 2. The second-generation modeling also compared different “builds” of RiverFLO-2D. 
In the time between the first and second generation modeling, the model software was 
improved by its developers to better handle wetting and drying in the model.

Table 2. Summary Schematic of Breaklines and Improvements to the Hydraulic Model.

Features Common to Project and 
Existing Model Domains

Features Unique to the Existing 
Conditions Domain

Features Unique to the Proposed 
Conditions Domain

Break lines along Butte Avenue,
Stewart Road SE, Government 

Channel (Boeing Ditch), the top of 
the right bank revetment, and the top 

of the left bank upstream of the 
A Street Bridge

Parallel break lines for the HESCO 
barrier

An outer boundary that follows the 
HESCO barrier alignment

Parallel break lines along the top of 
the left bank downstream of the 

A Street Bridge

Double break lines that are close 
together and extend along a portion 
of the forested wetland very near the 

southern boundary of the wetland

Break line parallel to the proposed 
biorevetment set back along the 

terrace

Break line along the edge of the 
terrace (the proposed bio-revetment 

alignment)

Parallel break lines along the top of 
the revetment along the left bank

Single break line along the top of the 
left bank revetment

Two short break lines to capture the 
high ground of the BNSF railroad
bridge and the A Street Bridge on

the north side of the river

An outer domain boundary that 
includes neighborhoods behind the 

HESCO barrier

A longer break line along the left 
bank of the river just upstream of the 

Stewart Road SE (8th Street E) 
bridge

With refinements made in the computational mesh and a decision on the best model build to 
use, the third generation of hydraulic modeling involved simulating flooding with the 2009 
topographic surface under the 2-year, 10-year, 50-year, 100-year, and 500-year events. The 
third generation of modeling included a new proposed (project) conditions surface based upon 
the 40% design prepared by King County.

The fourth generation of hydraulic modeling completed as of the writing of this memorandum 
incorporated the same refinements as made in the second and third generation models and 
applied them to the 2011 topographic surface. Like the third-generation model runs, this 
included both an existing conditions surface and a proposed (project) conditions surface 
modeled on the same range of flood hydrographs.
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Sediment Transport Modeling Approach 
The focus of the sediment transport modeling was, specifically, to estimate the flood flow 
conveyance lost in both existing and proposed conditions due to sediment deposition and to 
provide information for analyzing the long-term geomorphic response of the project following 
construction. The sediment transport modeling was also intended to provide constraints on 
the immediate response and hydraulic parameters used in the design of engineered logjams 
(ELJs) proposed in the left bank floodplain that will be restored and reconnected to the 
mainstem river channel as a part of the proposed project.

The modeling described herein is confined to two model runs: 1) calibration of the sediment 
transport model to geomorphic changes observed at the project site between 2007 and 2009, 
and 2) validation of the sediment transport model to geomorphic changes observed at the 
project site between 2009 and 2011. Like the earlier hydraulic model calibration work, the 
primary means to evaluate the model results was the volume of sediment deposited in three 
areas identified as crucial to the effectiveness of the project and the changes with respect to 
existing conditions. Those three crucial areas are: two channel delineations—one broad, one 
narrow—and an area of overbank deposits near the jurisdictional county line.

Hydrodynamic Boundary Conditions 
The hydrodynamic boundary conditions used in the sediment transport models were the same 
as described in Herrera (2011). The downstream boundary condition consisted of water surface 
elevations derived from earlier one-dimensional (HEC-RAS) modeling of the river. In addition, 
to control flow instabilities over Stewart Road SE, the flow depth over the road was fixed to be 
non-zero, but extremely shallow. Finally, the input hydrograph for both the calibration and 
validation model simulations was developed using the methodology described in Herrera 
(2011).

Downstream Sediment Transport Boundary Condition 
There was no specific downstream boundary condition applied for the sediment transport 
models. Sediment is transported out of the model automatically. The sediment outflux from 
the model was tallied for each model run and is provided for each model run in the Results 
section of this memorandum. The predicted outflux numbers were inherently overestimated 
because eroded areas were included in the calculations (see further discussion in the 
Calibration section, below).

Upstream Sediment Transport Boundary Condition 
Sediment influx (i.e., the upstream boundary condition for sediment entering the model) was 
set by the sediment rating curve described in Herrera (2011) for both the calibration and 
validation simulations. The rating curve establishes a sediment loading (for the bedload 
fraction) based upon the water discharge. The loading is spread equally across the upstream 
boundary nodes in the model. Input hydrographs used a compound hydrograph developed 
as part of the Lower White River 2D modeling project (Herrera 2011) consisting of flow 
occurrences greater than 4,000 cubic feet per second (cfs). For smaller flows, wholesale 
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sediment transport across the river channel does not exceed the critical shear stress, 
indicating that most of the sediment is not in transport. Since sediment transport is a highly 
non-linear process that occurs primarily during only the largest flood events, it was assumed 
that the elimination of smaller flows from the simulation would not affect the predicted bed 
elevation changes in a significant way. Therefore, those smaller discharges were eliminated 
from the input hydrograph time series to reduce computation time. If the smaller discharges 
were not removed, the model would require a much longer period of time to complete (i.e., 
several times as long). With model runs taking days and sometimes weeks to complete even 
with exclusion of the smaller discharges, computation time was an important factor to 
consider in completing this work.

Calibration 
Initial calibration of the sediment transport model is summarized in Herrera (2011). However, 
through the initial calibration process for the modeling effort described in this memorandum, 
it was determined that several aspects of the model could be modified to improve accuracy 
and reduce model artifacts. In summary, the modifications that were implemented for model 
calibration included:

Refined the left bank levee immediately downstream to eliminate numerical piping 
through the structure

Added representation for a naturally occurring log jam approximately 900 feet 
upstream of the Stewart Road SE bridge on the right bank (this log jam formed 
recently)

Refined the topography in the vicinity of Government Channel to direct flow in a more 
realistic way

A subsequent version of the computational mesh (which had slightly more than 44,000 
elements) was developed to incorporate these changes. The re-run of the calibration model is 
referred to as the “re-calibration run” throughout the remainder of this memorandum.

In addition to re-calibration, an ad hoc assumption incorporated in the RiverFLO-2D model 
was omitted from the discussion of the original calibration (Herrera 2011). To properly 
account for the reduction in erosion of areas that are either vegetated or hardened (i.e., 
covered in riprap or concrete), the bed of the model was not allowed to erode. The criterion 
was: for those areas outside the channel that are represented by Manning’s n greater 
than 0.042, the bed was not allowed to erode. While this is an oversimplification, it produced 
reasonable results in the initial calibration.

One consequence of the assumption of no erosion in these areas was not realistic. Despite 
preventing adjustment of the bed elevation due to predicted erosion in selected areas, the 
way the model tracked sediment transport did account for the erosion of sediment and the 
resetting of the bed elevation at each time step. As a result, the model as a whole did not 
conserve sediment mass, and typically produced sediment as can be seen in the results 
below.
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Validation 
An important, but often overlooked, part of environmental numerical modeling is validation. 
Validation is the process of checking that a model meets specifications and that it fulfills its 
intended purpose. During the sediment transport model calibration process, input and model 
calculation variables were adjusted to determine the most appropriate, site-specific set of 
variables to replicate observed conditions in the calibration condition. In the validation 
phase, the calibration variables are used on an entirely independent data set. Because of the 
inflexibility of the validation process it is rare for models, particularly those involving highly 
nonlinear, chaotic physical processes such as sediment transport, to perform well in long-
term simulations.

To implement the sediment transport validation, the 2009 post-flood topographic and 
bathymetric surface (computational mesh) was used as the initial conditions for the 
validation simulation. A hydrograph for the time period between the post-flood survey 
(Lidar: February 19, 2009; bathymetry: April 2011) and the 2011 Lidar flight (March 8, 2011) 
was generated using the methodology described in Herrera (2011). Like the calibration, only 
those flows exceeding 4,000 cfs were included in the hydrograph. The sediment transport 
validation model was also evaluated using two different topographic surfaces collected during 
the course of the project (described in detail above). The initial model surface was the 2009 
post-flood surface described in Table 1. As was assumed for model calibration, those areas 
with roughness exceeding n=0.042 were assumed to be non-erodible.
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RRESULTS 
This section presents the results of the hydraulic and sediment transport modeling completed 
through January 2012. The discussion of hydraulic modeling results includes the results from 
four generations of hydraulic models. The discussion of sediment transport modeling results
includes both the re-calibration and validation of the sediment transport model.

Hydraulic Modeling 
The first generation model runs are summarized in Herrera (2011). Those results found that 
increasing mesh density lowered water surface elevations and more closely simulated observed 
conditions. For those computational meshes in excess of 44,000 elements, replication of 
observed flood conditions was good, and generally less than 1 foot higher than observed 
values. As a result, all subsequent modeling has used the refined and densified mesh as its 
basis.

The second-generation model refined the mesh as described previously in the Methods section. 
These refinements increased the total number of elements (increasing run time), but not 
significantly. Because the refinements created a higher-resolution (much higher resolution 
than the numerical model itself) topographic surface, the model could more accurately 
characterize flooding in the study area. When these refinements were added, the differences 
between observed and simulated water surface elevations remained essentially the same as 
described by Herrera (2011), although the pattern of inundation simulated was more realistic 
(Table 3). The improved performance of the model with refinements in topographic accuracy 
indicates that the model is performing well. This generation of modeling also explored 
different model “builds”. These describe executable routines used in running the model. 
These executables are constantly updated by the software developers to improve model 
performance. The results are compared in Table 3. As can be seen in the table, the updated 
newer build (in this case, Build G) had essentially the same fit between the simulation and
the observations, as the original calibration (the Herrera [2011] Build B run). Based upon a 
qualitative estimate of the extent of inundation from observers and aerial photographs, which 
was best reflected by the last three observations listed in Table 3, the updated model Build G
was selected for ongoing project modeling.

The third generation model simulated both an existing conditions surface and a proposed 
(post-project construction) surface (see Appendix A). The proposed surface included several 
unique aspects in its computational mesh. These are summarized in Table 2. One of the key 
changes was that the mesh was truncated to the existing HESCO barrier alignment on the 
right bank to conserve on computation time. It is assumed that in the future condition (i.e., 
1 percent chance exceedance event), overbank inundation would be limited by a subsequent 
right bank flood protection project. The third generation modeling will not be used as a basis 
of design because a more recent topographic surface (the 2011 surface) has been constructed 
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which more accurately represents existing conditions. The results of the third generation 
hydraulic model simulations are presented in Appendix A.

Table 3. Second-Generation Model Results Compared to Observed High-water Marks for 
the January 2009 Flood Event.

Water Level 
Observation 

Name
Observation 
WSE Value

Updated Build G Updated Build B Herrera (2011) Build B

Computed 
WSE
(feet)

Difference 
between 

Observed and 
Computed

(feet)

Computed 
WSE
(feet)

Difference 
between 

Observed and 
Computed

(feet)

Computed 
WSE
(feet)

Difference 
between 

Observed and 
Computed 

(feet)

GW-3 73.7 74.1 0.4 73.8 0.1 73.9 0.2

GW-4 72.7 72.8 0.1 72.6 -0.1 72.6 -0.1

GW-5 75.9 75.5 -0.4 75.1 -0.8 75.4 -0.5

HWM-C 90.4 90.9 0.4 90.7 0.3 90.7 0.3

HWM-A 82.6 83.5 0.9 83.2 0.6 83.3 0.7

HWM-L 71.3 71.6 0.3 71.1 -0.2 71.1 -0.2

HWM-M 71.7 71.8 0.1 71.5 -0.2 71.5 -0.2

HWM-U 71.8 72.9 1.1 72.7 0.9 72.7 0.9

HWM-T 72.9 74.1 1.2 73.5 0.6 73.5 0.6

Photo Obs 1 77.5 77.3 -0.2 77.2 -0.3 77.2 -0.3

Photo Obs 2 78.6 78.7 0.1 78.2 -0.4 78.6 0.0

Photo Obs 3 86.3 87.0 0.7 86.7 0.4 86.9 0.6

WSE - water surface elevation

The fourth generation of hydraulic modeling made the same mesh refinements as described 
above, but on the 2011 topographic surface (Appendix A). It is important to mention that the
meshes described above were designed specifically for flood scenarios when much of the 
model domain is inundated. As a result, for the mean annual flow simulations where only a 
few mesh elements are wetted, discretization errors were much greater, particularly near the
upstream and downstream boundary conditions in the model. These discretization errors led
to input and output flow differences of slightly less than 10 percent for these simulations 
only. However, a new mesh was generated in the final generation of modeling for the mean 
annual flow that significantly increased the number of elements in the main channel and
provided a small “run-up” channel upstream end of the domain that eliminated nearly all of 
input and output flow differences.

Sediment Transport Modeling 
Calibration 
The original calibration, the re-calibration, and the observed bed changes for the same time 
period (2007 to 2009) are summarized in Table 4 and shown graphically for the re-calibration 
model in Figure 2 (Sheets A and B). The modeled maps of sediment deposition can be 
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Figure 2, Sheet A
Map of deposition and erosion from
2007/2008 to 2009 as predicted by
the model using the County-updated
model mesh with volume polygons
overlaid on the Lower White River
study area. 
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Map of deposition and erosion from
2007/2008 to 2009 as predicted by
the model using the County-updated
model mesh with volume polygons
overlaid on the Lower White River
study area. 
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compared to the observed changes shown in Figure 3 (Sheets A and B). As can be seen in the 
re-calibration sediment transport results, the re-calibration model matched observed 
conditions less accurately than the original calibration. This is likely because the original 
calibration model under-predicted the sediment stored within the model domain, and the 
most significant alteration was to confine more flow in the channel in the re-calibration. This 
resulted in an increase in sediment transport competency of the flow in the main channel, 
reducing the amount of sediment deposited there.

Table 4. Summary of Sediment Transport Re-calibration Results.

Area of Interest

Original Model 
Calibration Volume

(cubic yards)

Re-calibration 
Volume

(cubic yards)

Observed 
Volume

(cubic yards)

Overbank Area Sediment Deposition 1,762 1,431 4,800

Channel Delineation #1 Sediment Deposition 11,290 6,765 25,800

Channel Delineation #2 Sediment Deposition 28,033 18,899 33,600

Total Model Domain Sediment Deposition 155,677 116,341 Uncertain*

Modeled Sediment Influx N/A 84,675** N/A

Modeled Sediment Outflux N/A 75,490** N/A

N/A = Not available
* The comparison of the two observed topographic surfaces outside the immediate river channel area were 

subject to large deviations in the floodplain wetland due to the difference in the survey techniques used to 
determine the surface, complicating any estimation of the topographic volume difference between the two 
surfaces.

** The outflux plus the amounted deposited exceeded the influx (i.e., there was a net production of sediment in 
the model domain). The reason for this apparent discrepancy is the consequence of making some model 
elements non-erosive, which is discussed in the Methods section above.

It is uncertain why the calibration model under-predicted the amount of sediment deposited
during the simulation time period. However, it is important to mention that the under-
prediction could simply be an artifact of an under-prediction in the sediment influx used to 
model the January 2009 flood event. It is well known that sediment production rates are 
highly nonlinear and are generally out-sized for the largest flood events (Syvitski et al. 2003). 
It is quite possible that, if the influx were known precisely, the model could have better 
simulated the actual deposition volumes.

The patterns of deposition can be more confounding. For instance, the bar near the City of 
Pacific Park was eroded away in the calibration model, whereas it has grown in reality. In this 
case, the dynamics in reality are quite different than what occurred in the simulation. Because 
the bar near the park is a persistent feature, it has been significantly coarsened over time, 
such that it now comprises very coarse cobble and boulders. Because the model assumed a 
single grain-size, it was unable to resolve the armoring that protects the bar from erosion. As a
result, the model predicted that the bar would be washed away, when in actuality it was built 
up, probably from a large armored plug of material deposited during the January 2009 event.

Validation 
The results of the sediment transport validation model run are summarized in Table 5 and 
shown graphically in Figure 4 (Sheets A and B). The modeled maps of deposition can be 
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compared to the observed changes shown in Figure 5 (Sheets A and B). The validation time 
period was sedimentologically different than the calibration time period. The validation time 
period did not include a significant flood event of the magnitude of the January 2009 event. As 
a result, the total deposition found in both the observed data and the model results is 
significantly smaller. In contrast, the model results show significantly more sediment 
deposited, comparable to the modeled deposition in the re-calibration run.

Table 5. Summary of Sediment Transport Model Validation Results.

Area of Interest
Model Validation Volume

(cubic yards)
Observed Conditions Volume

(cubic yards)

Overbank Area Sediment Deposition 2,260 3,476

Channel Delineation #1 Sediment Deposition 20,713 14,663

Channel Delineation #2 Sediment Deposition 34,570 15,672

Total Model Domain Sediment Deposition 108,125 34,635

Modeled Sediment Influx 27,353* N/A

Modeled Sediment Outflux 54,314* N/A

N/A = Not available
* Although the outflux exceeded the influx, there was a net deposition of sediment in the model domain. The 

reason for this apparent discrepancy is the consequence of making some model elements non-erosive, which is 
discussed in the Methods section above.

The validation model better predicted the sediment deposition volumes in the three key areas 
of concern for project design. However, the validation model over-predicted the sediment 
deposited. As described above, the re-calibration model under-predicted sediment 
deposition, likely because the model assumed an inaccurate sediment influx because of 
events that occurred during the calibration time period. Similarly, the validation model may 
have overestimated the sediment input during the relatively quiescent flow conditions in the 
simulation time period, during which there were no large floods to provide a plug of sediment 
that is implicitly reflected in the derivation of the modeled sediment influx.

The performance of smaller features in the validation model run was somewhat better than in 
the re-calibration run, but the model still lacked the ability to accurately and consistently 
match site-specific observations because of the assumptions mentioned in the following 
section.

Model Assumptions Affecting Calibration and Validation Results 
There are many assumptions made in order to numerically model any physical process. Many 
of those assumptions are common to any model, regardless of the nature of the process 
simulated. For instance, the equations of motion (i.e., the equations that constitute the basis 
of the model) are not solved in a continuous way, but utilize discrete information about the 
boundaries of the model. Discretization always produces errors, particularly when important 
“sub-grid” information is lost. This can be seen in the reduction of hydraulic calibration errors 
with increasing mesh density as reported in Herrera (2011) and described in this memorandum.
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Figure 3, Sheet A
Map of topographic differences (2009
surface minus the 2007/2008
surface) in the Lower White River
project area used to calibrate the
sediment transport model, along with
the three areas of interest.
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Figure 3, Sheet B
Map of topographic differences (2009
surface minus the 2007/2008
surface) in the Lower White River
project area used to calibrate the
sediment transport model, along with
the three areas of interest.
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Figure 4, Sheet A
Map of deposition and erosion from
2009 to 2011 as predicted by the
model with volume polygons overlaid
on the Lower White River study area.
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Figure 4, Sheet B
Map of deposition and erosion from
2009 to 2011 as predicted by the
model with volume polygons overlaid
on the Lower White River study area.
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Figure 5, Sheet A
Map of observed topographic
differences (2011 surface minus the
2009 surface) in the Lower White
River project area used to validate
the sediment transport model, along
with the three volume polygons
overlaid.
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Figure 5, Sheet B
Map of observed topographic
differences (2011 surface minus the
2009 surface) in the Lower White
River project area used to validate
the sediment transport model, along
with the three volume polygons
overlaid.
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However, there are several assumptions particular to this sediment transport modeling effort 
that warrant further discussion as they limit the accuracy of the modeled conditions in 
specific ways. They are:

Erosion capacity of vegetated areas – Currently there is no well-established method to 
estimate the reduction in erosion rate in vegetated areas, particularly one that would 
be relevant to the plant species found at the project site. As a result, it was necessary 
to assume that vegetated areas would not erode at all, although they could accumulate 
sediment. While this assumption produced reasonable results with regard to the 
sediment deposition volume estimates, it could result in significant deviations from 
observed conditions, particularly for a long-term simulation.

Single grain size – The Ackers and White (1975) equation used to predict sediment 
transport in the model did not have the capability to transport different-sized material 
differently. Therefore, it was not possible to simulate the armoring of surficial 
sediments. The project site is highly armored, particularly in key areas, like the right 
bank bar at the City of Pacific Park. As mentioned in the validation section above, the 
bar at the city park denudes in smaller flood events and accumulates material in larger 
flood events. This bar has coarsened considerably in recent years as each successive 
denuding of finer material has been followed by deposition of large cobble in a 
subsequent flood event, ultimately resulting in it becoming a persistent feature. Since 
the model equations do not represent this process, the model is incapable of resolving 
bar armoring, and as a result the bar at the city park was obliterated over time in the 
re-calibration and validation model runs, although the models did initiate a significant 
amount of deposition around it. The result is that the pattern of deposition in the 
model is significantly different than that in the observations, even though the overall 
deposition and loss of conveyance in the channel is predicted reasonably accurately.

Sediment input – The method of importing sediment into the model is always a key 
consideration in any sediment transport model because the typical approach implicitly 
assumes some form of sediment transport equilibrium. Variability of sediment supply 
is notoriously difficult to assess even in systems where significant sediment transport 
observations have been made. It is well known that sediment input into a river system 
like the White River has hysteretic behavior (i.e., the sediment concentrations are 
significantly higher on the rising limb of the hydrograph than the falling limb for a 
given discharge). The past history of sediment loading and the hysteresis of sediment 
concentration were not possible to incorporate into the model input rating curve 
because of a lack of data. This likely had numerous impacts on the ability of the model 
to predict sediment transport, not the least of which was that deposition on the rising 
limb was underestimated, but overestimated on the falling limb.

The collective effect of these assumptions resulted in the inability of the sediment transport 
model to precisely match the geomorphic response of the river system, particularly over long 
time periods.
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CCONCLUSIONS 
The hydraulic modeling results indicate that the model performs well when up-to-date
topography is used along with a detailed accounting of critical flow dispersal points, provided 
that the mesh density is appropriate to the flows modeled (low flows need a much finer mesh 
to accurately simulate depths and velocities).However, the rapid sediment deposition in the 
project area can cause significant errors to develop if significant geomorphic change has 
occurred, as found by Herrera (2011). Increasing resolution of the model, particularly around 
key flow dispersal points, such as the left bank levee immediately downstream of the A Street 
bridge, did not impair the calibration, indicating that the physical processes responsible for 
flooding are well simulated by the model.

The sediment transport model did not perform as well as the hydraulic model in replicating 
observed conditions. While the sediment transport validation model results matched 
observations within the error established during the re-calibration effort, the model did not 
adequately match important geomorphic features seen throughout the project site. It is 
suggested that this is due to the model limitations to account for river bed armoring and the 
sediment input rate uncertainty. Continuing with the sediment transport modeling effort 
could provide unreliable estimates of geomorphic changes in specific areas that are difficult 
to defend. Explaining the nuances of the modeling approach and assumptions described in 
this memorandum to a lay audience would also be extremely challenging. As a result, the 
sediment transport modeling work was concluded after the re-calibration and validation 
model runs documented in this memorandum, and will not be carried farther in project 
design. The challenges in accurately simulating sediment transport at the project site with 
the RiverFLO-2D model do not affect the ability of the same model program to accurately 
simulate hydraulic characteristics, as long as a reasonable depiction of existing and future 
floodplain topography and channel bathymetry is reflected in the computational mesh in the 
hydraulic model for any given scenario.
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IINTRODUCTION 
The White River at Countyline Levee Setback (Countyline) project is a salmon recovery 
and flood risk reduction project located on the left (east) bank of the White River between 
river mile (RM) 5.00 and RM 6.33. Implementation of the Countyline project will reconnect 
approximately 115 acres of forested wetland and historical floodplain to the main stem of 
the White River by removing the existing left bank levee and constructing a new setback 
levee and biorevetment along the eastern edge of the project boundary. The reconnection 
of the historical floodplain to the White River will alter flood flow patterns and water depths 
within the project reach and downstream of the project site. The hydraulic effects of the 
proposed project are expected to vary through time depending on the magnitude, frequency, 
and duration of future river flows and in relation to likely sediment deposition in the river 
channel and the reconnected floodplain. In partial fulfillment of Task 200 of Herrera’s 
contract with King County for analysis and design of the proposed project (Contract 
#E00187E10), this memorandum presents the methods and results of hydraulic modeling 
of existing and proposed (post-project) conditions at the 60% project design level. This 
memorandum documents all of the simulation results specific to off-site impacts and the 
flood-reduction benefits of the proposed project. A Geomorphic Assessment memorandum 
(Herrera 2012c) prepared under Task 300.3 of this same contract summarizes the geomorphic 
ramifications of the final, limited-domain model results discussed herein . The final hydraulic 
results were not available at the time the geomorphic assessment was written, but the 
differences between the limited-domain-model results and the final expanded-domain-model 
results are not significant from a geomorphic or hydraulic point-of-view. The model results 
presented herein were used to guide the project design and to assess potential project 
impacts related to flooding and erosion. 

Project Site and Study Area 
The proposed project site is located on the left bank of the White River between the A Street 
Bridge in Auburn and the 8th Street E Bridge in Sumner. The project site lies within the City 
of Pacific and also extends into the City of Sumner in Pierce County, with a small portion of 
the project site lying in an unincorporated area of Pierce County (Figure 1). 

The study area, which in the case of a modeling project is the model domain, varies for 
the types of simulation performed. Those simulations that focused on implications within 
the project site (e.g., those that intended to quantify the hydraulic impact on the wood 
structures and those that were used to size the height of the setback levee) used the original 
or limited-domain-model extents (see Figure 1 – “limited domain”), which are bounded by 
approximately RM 4.4 and RM 6.7. 

For the final model runs focused on more fully understanding project impacts in the right 
bank floodplain and downstream of the site, the domain was extended in several directions. 
It was extended laterally to the railroad tracks on the west (owned by Union Pacific Railroad 
[UP]) and the east (owned by Burlington-Northern Santa Fe Railway [BNSF]) sides of the 
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valley. The downstream boundary condition was extended much further downstream to 
near RM 2.5, which is near an artificial constriction in the valley formed by recent fill pads, 
downstream of the Lake Tapps diversion return. The upstream boundary of the domain was 
also extended north to include nearly all areas between the two railroads south of 1st 
Avenue SE (Figure 1). 

Objectives 
The hydraulic analysis for the proposed project focuses on the determination of likely 
geomorphic changes that can be expected as a result of constructing the project and the 
associated effects on flooding characteristics in the study area. It also supports evaluating 
the consequences of no action (i.e., no project implementation) on the future flooding 
characteristics in the study area. 

It is well established that the study area is a locus for sediment deposition ((Banks 1907; 
Roberts 1920; Herrera 2010, 2011a, 2011b, 2012c; Czuba et al. 2010; Collins and Montgomery 
2011). Given the dynamic sediment deposition that occurs in the study area, the extent of 
development surrounding the project site, and the County’s desire to design project elements 
that serve their intended functions for a long design life, the objectives of the hydraulic 
modeling were to: 

1. Estimate the extent of floodplain inundation under existing and proposed conditions 
under a suite of scenarios that simulate both short- and long-term expected changes. 

2. Determine the maximum range of probable flow velocities and depths near the 
proposed levee setback infrastructure (i.e., the proposed biorevetment and 
engineered log jams [ELJs] in the reconnected floodplain). 

3. Identify possible consequences and design refinements necessary to successfully 
complete the proposed levee setback project. 

An earlier memorandum (prepared under Task 200.9) summarized preliminary results for the 
model simulations used to support the preliminary project design work (Herrera 2012d). That 
memorandum did not include simulations to test the hydraulic stresses on selected design 
components (i.e., the ELJs and biorevetment), to estimate conditions at the end of the 
project’s service life, and to address initial concerns about the model’s ability to simulate 
conditions south of 8th Street E. 

This memorandum relies heavily on earlier documentation that describes previous modeling 
work in the project area (Herrera 2011a, 2011b, 2012a, 2012b, 2012d), particularly as they 
relate to the way the model was set up and implemented. 
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MMETHODOLOGY 
The methodology for the hydraulic modeling work performed for the project is described in 
large part in a series of previous documents, including Herrera (2011a, 2011b, 2012a, 2012b, 
2012d). Updates to the approach outlined in those documents are summarized here along 
with relevant background information. 

Numerical models require a set of boundary conditions for each simulation that consist of 
discharge (inflow) at the upstream end of the computational mesh, a water surface elevation 
or an elevation-discharge rating curve at the downstream end of the computational mesh, 
and a topographic surface over which the flows are run. The boundary conditions and other 
input data developed for the project models are described in this section. Figure 1 shows the 
RiverFLO-2D model domain, along with many other key locations and features discussed in the 
following sections. 

Model Overview 
The software used to perform hydraulic modeling for this project is RiverFLO-2D Version 99g, 
though the extended model domain simulations use an updated version (Version 3.0). 
Regardless of the version, RiverFLO-2D is a hydrodynamic and mobile-bed model specifically 
developed for rivers. It is a two-dimensional, finite-element model for routing flood flows 
that enables high-resolution flood hydraulic analysis. A flexible triangular mesh refines the 
flow field around key features of interest in complex river environments. RiverFLO-2D has 
been applied on a number of river projects worldwide, including several in King County. 
RiverFLO-2D uses the shallow-water equations for depth-averaged, free-surface flow that 
allow simulation of water surface elevations, and two components of the velocity (Garcia 
et al. 2006), resulting in resolution of detailed two-dimensional channel hydraulics and 
overbank flooding characteristics. RiverFLO-2D version 3.0 can also simulate flow through 
culverts and around buildings, which are important features in the extended model domain. 

The RiverFLO-2D user interface is based upon the Argus Open Numerical Environment (Argus 
ONE) platform. This GIS-integrated software system provides interactive functions to generate 
and refine the finite-element mesh representing the topographic and bathymetric surface 
over which flood flow is routed. It also facilitates assigning boundary conditions and roughness 
values. Finally, it serves as the means to export model results to GIS-based platforms. 

Modeling Approach 
To achieve the project objectives described above, Herrera and King County defined a series 
of scenarios and timeframes that would simulate the range of conditions both due to the 
project and in the absence of the project. Much of the explanation of the modeled scenarios 
is provided in Herrera (2012d). Each scenario refers to an assumed set of circumstances that 
are tracked through time. Because of this, the earlier model results guided the determination 
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of the topographic surface to use in subsequent modeled scenarios, but necessarily confined 
the results to the preceding scenario assumptions. 

Table 1 summarizes the model scenarios and simulations performed on the limited domain 
(shown graphically in Figure 1). The preliminary results of the model runs displayed in gray 
in the table are described in detail in Herrera (2012d) and final “reckoned” simulations 
are included in Attachment A to this memorandum. Table 1 is the same as Table 1 presented 
in Herrera (2012d), with inclusion of the S1d, S5a, and S6a simulations, which were 
recommended by Herrera (2012d). 

Table 1. Summary of the Model Simulations. 

Scenario Year Zero a Short-term b Fully Evolved c Service Life d 

Without Project (S4) S4a, S4ax S4b S4c N/A 

With Project (S1) S1a, S1ax S1b S1c S1d 

With Project, Avulsion at Pacific Park (S2) N/A S2b N/A N/A 

With Project, Avulsion at County Boundary 
Line (S3) 

N/A S3b N/A N/A 

Without Project With Scour at the 
8th Street E Bridge (S5)  

S5a N/A N/A N/A 

With Project with Scour at the 8th Street E 
Bridge (S6) 

S6a N/A N/A N/A 

With Project and Including Proposed Right 
Bank Improvements (S1aa) 

S1aax N/A N/A N/A 

a Time immediately following construction for scenarios simulating effects of project construction. 
b Approximately 3 years following construction. 
c 13.8 years following the construction of the project when the main channel under existing conditions is 

expected to completely fill to the height of the existing levee. 
d Assumed to be approximately 30 years, when sediment aggradation impacts 3-foot freeboard. 
x refers to extended model domain simulations. 
N/A = Runs were not performed because they are not applicable or not appropriate. 
 

Reckoned, Limited-Domain Simulations 
The purpose of the reckoned simulations was to perform all limited-domain-model simulations 
with an identical mesh (topographic surface) to make point-by-point comparisons possible. 
The process of reckoning is well described in the modeling approach memorandum (Herrera 
2012d). It entails implementing all of the limited-domain-model refinements together 
(e.g., using the higher-resolution meshes around the modeled avulsion areas) following the 
completion of all of the preliminary simulations. The boundary conditions, hydrographs, and 
general approach to the preliminary simulations (i.e., those simulations shaded in grey in 
Table 1) are summarized well in Herrera (2012d). 

Service Life Simulation 
Previous modeling was done primarily for comparison purposes to document the future 
benefits of the project long after construction; however, the value of modeled conditions 
in the future is fundamentally limited by the fact that the river channel is expected to 
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completely fill in with sand, gravel, and cobbles and necessarily avulse at the county 
boundary line in approximately 14 years if the project is not constructed. Because it is 
not possible to make a sensible comparison with an avulsed river as existing conditions, a 
separate proposed-conditions-only surface was developed and modeled to estimate the 
longevity of the design condition (primarily the levee height). In this simulation (denoted as 
Simulation S1d in Table 1), deposition rates estimated to occur in the time period between 
the short-term and fully evolved conditions following project construction were assumed to 
persist until approximately 30 years following construction. 

Worst-Case Scenario Simulations 
To properly design the biorevetment to resist the potential for the river to entrain itself 
against the structure, two different scenarios were developed that specifically tested 
geomorphic “worst-case” scenarios that could occur following project construction. These 
scenarios assumed that geomorphic processes would direct the entire flow of the river 
directly at and perpendicular to the biorevetment structures. This would produce the largest 
possible hydraulic forcing on the structures. Because it is unlikely that these scenarios would 
occur (though they cannot be entirely ruled out), these simulations have been called the 
worst-case scenario simulations. 

For the purposes of having discrete simulations, it was determined in coordination with the 
County that two such unusual avulsion scenarios would have the most detrimental impact to 
the proposed infrastructure. These scenarios are: 

 Avulsion at Pacific Park (S2) – This scenario assumed that a debris jam would form 
in the existing main channel downstream of the tip of the existing levee that is to 
remain following construction and thereby divert all of the mainstem flow into the 
reconnected floodplain. To simulate the scenario, the proposed short-term surface 
was altered by raising both the ground surface within the main channel and a portion 
of the reconnected floodplain to the elevation of the top of the existing levee. This 
scenario was selected because it is the best test of the upper (northern) end of the 
biorevetment. 

 Avulsion at County Boundary Line (S3) – This scenario assumed that the main channel 
would remain unobstructed until the point where it crosses the county boundary line, 
at which a debris dam would form and block the channel and direct flow towards the 
proposed biorevetment. To simulate the scenario, a barrier was placed in the main 
channel at the county boundary line with a top elevation equal to the height of the 
right bank. This scenario was selected because it tests the potentially most-vulnerable 
portion of the proposed biorevetment that extends westerly toward the main channel. 

8th Street E Bridge Area Scour Scenario Simulations 
Because the project is designed to contain the 100-year flood flow of the White River along 
the left bank approaching the 8th Street E Bridge (Herrera 2012d), peak flow velocities will 
almost certainly increase through the bridged portion of the river channel. River bed scour 
associated with increased flow velocities could have the potential to ameliorate the impacts 
that would otherwise occur due to increased water surface elevations during flood events. 
Total scour depths were calculated by King County using the HEC-18 CSU Equation with K4 
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correction (Federal Highway Administration 2001), using information from recent surveys and 
the 1952 design drawings of the 8th Street E Bridge. The scour depths were expressed in the 
model as pyramids that radiate away from the bridge foundation piers at 1V:4H (vertical to 
horizontal) slopes in the downstream direction and 1V:2H slopes in the lateral and upstream 
directions. The model resolution was subsequently increased near the piers to fully resolve 
these bathymetric differences. However, the piers themselves were not included in the 
model. They were deemed too small relative to the width of the hydraulic opening beneath 
the bridge to be accurately represented in the model, and the complicated fluid dynamics 
associated with them is not encapsulated in the governing equations of the model. 

Extended Domain Simulations 
The extended domain simulations (S4ax, S1ax, and S1aax) effectively extended the model 
to the point where the full extent of flood water inundation potentially affected by the 
project could be simulated. Another goal of these simulations was to sufficiently separate the 
downstream boundary condition from areas affected by the project. As discussed at length in 
Herrera (2012d), simulated flow conditions in areas immediately adjacent to the downstream 
boundary condition can be inaccurate due to water-surface elevations imposed during model 
calibration by results from a less-accurate and spatially explicit, one-dimensional HEC-RAS 
hydraulic model that was used by King County for floodplain mapping purposes several years 
ago (i.e., 2009). 

Expanding the domain also provided the opportunity to reassess the version of RiverFLO-2D 
used to evaluate the project. As a result, a decision was made in consultation with County 
staff to use RiverFLO-2D Version 3.0 for the extended domain model runs. This version allows 
for modeling of the effects of more structures and culverts, has improved speed of input and 
output, and provides more and better tools to assess continuity. All of these model attributes 
were helpful for quickly, accurately, and effectively assessing the effects of the project. 

Topographic Surfaces 
The extended domain topographic surface incorporated all of the numerical model sensitivities 
and site-specific model responses interpreted from the results of the limited-domain-model 
simulations summarized in Herrera (2012d). The existing conditions topographic surface itself 
used the limited-domain model upstream of RM 4.45, which was compiled from lidar flown by 
King County in March 2011, channel and wetland bathymetry surveyed by King County in May 
2011, and the HESCO barrier surveyed in 2010, supplemented with additional topographic 
data. The additional data included 2012 lidar flown by King County on the eastern two-thirds 
of the valley floor through the City of Sumner. The western third of the valley floor not 
included in the 2012 lidar flight was compiled from 2010 lidar provided by Pierce County. King 
County extended the channel bathymetry downstream of RM 4.45 to the downstream boundary 
condition at RM 2.5 by interpolating between 14 cross-sections surveyed by the USGS and King 
County in 2001-2002. The 2001-2002 cross-section locations were re-surveyed in 2012, but 
these data were not available in time for incorporation into the extended domain model. In 
addition, the surface included culverts that convey the flow of Government Canal into the 
White River, which were found in preliminary extended domain simulations to be an important 
variable in estimating the flooding extents on the right bank upstream of the 8th Street E 
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Bridge. Key culvert dimensions used for model input were measured in the field by Herrera 
staff. 

The proposed conditions surfaces are based upon an alteration of the original model surface 
(based upon April 2011 lidar and survey) to reflect the proposed changes represented by the 
60% complete project design plans (i.e., design refinements that included extending the 
setback levee north to the BNSF railroad embankment and the most up-to-date alignment 
of the proposed setback levee). The extended–domain-model surface also re-defined the 
boundary condition along the right bank. In the limited–domain model, both the existing-
condition scenario (S4) and the proposed-conditions scenario (S1) assumed that the temporary 
HESCO barriers were in place, whereas they were not included in the S4 and S1 scenarios in 
the extended–domain model. The extended-domain-model surface did not include the effects 
of scour at the bridge piers because the scour simulations significantly increased the number 
of nodes, but only captured changes in an extremely localized (within the main channel 
around the piers themselves) area. For a full discussion of the impacts of scour, see the 
results section discussing these simulations below. 

Boundary Roughness 
The hydraulic roughness values assigned in the extended model domain were generally 
the same as used in the earlier models (described in detail in Herrera [2012d]), with the 
exception of the portion of 3rd Place SE. Roughness was lowered in this area because the 
primary roughness elements, which are buildings, were explicitly included in the model 
as impermeable areas. Large buildings elsewhere were also included (i.e., blocked out 
as impermeable areas), though only in areas where earlier preliminary modeling showed that 
the building would likely be engaged with flow at least partially during the largest flood 
events. Figure 2 (Sheets A through H) illustrates the buildings that were explicitly accounted 
for and the roughness values used in the extended model domain. 

It is important to mention that two-dimensional models are generally less sensitive to 
roughness coefficients than one-dimensional models like HEC-RAS. Also because two-
dimensional models explicitly account for expansion, contraction and flow curvature 
(common sources of “roughness” in one-dimensional models) in the equations that they 
solve, roughness coefficients in two-dimensional models have a tendency to be smaller than 
those in one-dimensional models. 

Upstream Boundary Condition 
The upstream boundary condition is set by hydrographs developed in earlier phases of the 
project. This included hydrographs for the 2-, 10-, 50-, 100-, and 500-year recurrence events 
and the mean annual flow simulation. The 10-year recurrence hydrograph is described in 
Herrera (2011a). The 50-year hydrograph was created from the 100-year hydrograph, scaled 
by the ratio of the respective peak flows (50-year and 100-year) determined from the original 
hydrologic analysis (Herrera 2011a). The extended domain includes the Lake Tapps return 
channel at Dieringer near the downstream end of the model. Historical records indicate that 
the volumetric flow rate in this return flow would be insignificant compared to overbank 
White River flood flows, so inflow at this location was assumed to be zero in both existing and 
proposed conditions. 
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Downstream Boundary Conditions 
Because of the extensive downstream expansion of the model domain, it was possible 
to select a downstream boundary condition that performs much better than the limited-
domain simulations described by Herrera (2012d). The downstream boundary condition was 
constructed near RM 2.5 by the model itself using local channel slope determined from 
existing lidar and bathymetry. By extension to earlier calibration efforts, this new boundary 
condition is capable of accurately depicting high water marks across the project site under 
existing conditions. Very close to this boundary condition the results are not necessarily 
reliable and these areas were eliminated from the difference plots shown in the results 
section of this memorandum. 

Lateral Boundary Conditions 
Unlike the modeling runs with the limited domain, the extended domain model runs extended 
the lateral boundary conditions to the railroad embankments (i.e., UP to the west and BNSF 
to the east) and farther north on the right bank. The model domain extents in both scenarios 
were identical. Because of the way boundaries are handled in RiverFLO-2D, the lateral sides 
of the model domain function as vertical walls. 
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RRESULTS 
The discussion of hydraulic modeling results presented in this section includes the final 
results from all nine limited-domain simulations described in Herrera (2012a) and summarized 
in Table 1 and the three extended model domain simulations described herein and also 
summarized in Table 1. All model results are presented specifically for the 100-year flood 
event using a common mesh (topographic surface) for each model domain to enable direct 
comparisons of results at specific locations from the existing and proposed conditions model 
runs. Previous model simulations on earlier topographic surfaces and for earlier engineering 
design plan configurations are summarized in Herrera (2011b, 2012b, 2012d). Those 
simulations provided the broad basis for understanding the general hydraulic characteristics 
of the study area, which informed model refinements described in this memorandum. The 
model results described below reflect improved performance of the model and repeatability 
of model results. 

Reckoned, Limited–Domain Simulations 
The reckoned simulation results for the limited-domain simulations are plotted in 
Attachment A. There were no striking differences seen in the results that were not 
adequately documented previously in Herrera (2012d). 

Service Life Simulation 
The design service life simulation results (simulation S1d) are shown in Figure 3. These 
results can be compared to the simulated conditions immediately following construction 
(scenario S1a, see Attachment A) based upon the topographic information extracted from the 
40% complete design plans and the design refinements described earlier in this memorandum. 
In general the main differences are those associated with the predicted amount of sediment 
deposition in the reconnected floodplain on the left bank. The ground surface in the service 
life simulation was set approximately 1.5 feet above existing conditions in the reconnected 
floodplain based on historical rates of sediment aggradation, resulting in higher water-surface 
elevations in the model output as compared to conditions immediately following construction, 
for which the modeled ground surface in the reconnected floodplain was assumed to be 
equivalent to the existing ground surface. 

Worst-Case Scenario Simulations 
The results of the worst-case scenario simulations (simulations S2b and S3b) depicting the 
water surface elevations and flow velocities during the 100-year flood event are shown 
in Figures 4 through 7. As can be seen in Figures 5 and 7, the model run for the avulsion 
simulation S2b yielded higher flow velocities within the reconnected floodplain compared to 
simulation S3b (avulsion at county boundary line). As a result, the model results for avulsion 
simulation S2b were used for all of the biorevetment and ELJ design calculations. Table 2 
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summarizes the flow velocity and depth information from this scenario that were used for 
design development. 

Table 2. Estimated Maximum Flow Velocities and Depths Obtained from the S2, 100-Year 
Flood Simulation Results. 

Design Element 
Design Flow Velocity 

(feet per second) 
Design Flow Depth 

(feet) 

Inlet (Small Apex) ELJ Structures 8 10 

Bank Deflector ELJs 8 14 

Large Apex ELJ Structure 8 14 

Biorevetment 8 14 

 

8th Street E Bridge Area Scour Simulations 
The model results comparison between the original model result without scour (S1a) and the 
simulation in which channel bed scour was assumed in the vicinity of the 8th Street E Bridge 
(S6a) is presented in Figures 8 and 9. The differences are calculated as the modeled water 
surface elevation and flow velocity with scour minus those without scour for proposed 
conditions (i.e., S1a minus S6a). Scour for the existing conditions is less and will therefore 
necessarily produce smaller differences. As can be seen in these figures, the primary 
difference is focused around the bridge foundation piers, which are not explicitly included 
in the simulations. There are no predicted changes beyond the area close to the bridge 
crossing shown in these figures. The reduction of the water surface elevation during the 
100-year flood due to the inclusion of scour does not extend to the banks. Although proposed 
conditions will produce more channel bed scour at the bridge crossing than in existing 
conditions due to increased flow rates through the crossing, the results in Figures 8 and 9 
indicate that the differences in water surface elevations and flow velocities due to scour in 
this area following project construction will be negligible upstream and downstream of the 
bridge; however, geomorphic changes expected to occur over many years associated with 
generally greater flow rates in the bridge crossing area may be more significant than assumed 
in the mesh refinements made for scenarios S5a and S6a. These changes are much more 
difficult to predict, and were therefore not accounted for in this analysis. With that said, the 
infrequent erosion around the piers during large events is expected to be less over time than 
the steady deposition documented well by previous sediment transport analyses (Herrera 
2010). 

Extended Domain Simulations 
Figures 10 through 12 depict the simulated differences in 100-year water surface elevations 
and flow velocities between existing conditions (simulation S4ax), immediately following 
construction of the Countyline project (simulation S1ax), and after construction of both the 
Countyline and the future right bank project (scenario S1aax) in the extended model domain. 
The greatest change in water-surface elevation resulting from the project is predicted to 
occur within the existing wetland of the left bank floodplain, where post-project water-
surface elevations are predicted to rise between 2 and 5 feet at the peak of the 100-year  
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Figure 3. Sheet B.
Service Life (S1d) Simulation Water
Surface Elevation Results for the 
100-year Flood Event
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Figure 4. Sheet A.
Full Avulsion (S2b) Simulation 
Water Surface Elevation Results 
for the 100-year Flood Event.
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Figure 4. Sheet B.
Full Avulsion (S2b) Simulation 
Water Surface Elevation Results 
for the 100-year Flood Event.
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Figure 5. Sheet A.
Full Avulsion (S2b) Simulation 
Water Velocity Results  for the
100-year Flood Event.
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Figure 5. Sheet B.
Full Avulsion (S2b) Simulation 
Water Velocity Results  for the
100-year Flood Event.
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Figure 6. Sheet A.
Avulsion at County Line (S3b) 
Sumulation Water Surface Elevation
Results for the 100-year Flood Event.
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Figure 6. Sheet B.
Avulsion at County Line (S3b) 
Sumulation Water Surface Elevation
Results for the 100-year Flood Event.
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Figure 7. Sheet A.
Avulsion at County Line (S3b)
Simulation Water Velocity Results 
for the 100-year Flood Event.
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Figure 7. Sheet B.
Avulsion at County Line (S3b)
Simulation Water Velocity Results 
for the 100-year Flood Event.
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Figure 8.
Water Surface Elevation Difference 
for the 100-year Flood Event 
With and Without Scour 
at the 8th Street E Bridge (S6a-S1a). 
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Figure 9.
Water Surface Elevation Difference 
for the 100-year Flood Event 
With and Without Scour at the 
8th Street E Bridge (S4a-S5a).
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Figure 10. Sheet A.
Comparison of Existing (Without 
Project: S4ax) and Proposed (With
Project Not Including Right Bank 
Improvements: S1ax)  Water Surface 
Elevations for the 100-year Event in
the Extended Domain Simulations.
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Figure 10. Sheet B.
Comparison of Existing (Without 
Project: S4ax) and Proposed (With
Project Not Including Right Bank 
Improvements: S1ax)  Water Surface 
Elevations for the 100-year Event in
the Extended Domain Simulations.
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Figure 10. Sheet C.
Comparison of Existing (Without 
Project: S4ax) and Proposed (With
Project Not Including Right Bank 
Improvements: S1ax)  Water Surface 
Elevations for the 100-year Event in
the Extended Domain Simulations.

Legend

Prepared for King County by Herrera

GF River mile

Railroad

Project area

County boundary

Change in water surface elevation (feet)

< -5

-5 to -4

-4 to -3

-3 to -2

-2 to -1

-1 to -0.5

0.5 to 1

1 to 2

2 to 3

3 to 4

4 to 5

> 5

-0.5 to 0.5



 



GF

GF

GF

GF

GF

GF

GF

GF

GF

GF

GF

BNSF RR

6

6.5

6.4

6.3

6.2

6.1

5.9

5.8

5.7

5.6

5.5

12
91

20
0

12
91

20
0

12
91

60
0

12
91

60
0

12
92

00
0

12
92

00
0

12
92

40
0

12
92

40
0

12
92

80
0

12
92

80
0

12
93

20
0

12
93

20
0

12
93

60
0

12
93

60
0

12
94

00
0

12
94

00
0

12
94

40
0

12
94

40
0

12
94

80
0

12
94

80
0

96800 97200

97200

97600

97600

98000

98000

98400

98400

98800

98800

99200

99200

99600

99600

100000

100000

100400

100400

100800

100800

101200

101200

101600

101600

0 400 800200

Feet

Produced By: GIS
Project: K:\Projects\10-04770-000\Project\H&H_Modeling_Figures\fig11_s1a_minus_s4a_velocity.mxd (9/5/2013)

Aerial: USDA (2009)
Coordinates: NAD 1983 Washington 

State Plane North (ft)

Figure 11. Sheet A.
Comparison of Existing (Without 
Project: S4ax) and Proposed (With
Project Not Including Right Bank
Improvements: S1ax) Water Surface 
Elevations for the 100-year  Event
in the Extended Domain Simulations.
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Figure 11. Sheet B.
Comparison of Existing (Without 
Project: S4ax) and Proposed (With
Project Not Including Right Bank
Improvements: S1ax) Water Surface 
Elevations for the 100-year  Event
in the Extended Domain Simulations.
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Figure 11. Sheet C.
Comparison of Existing (Without 
Project: S4ax) and Proposed (With
Project Not Including Right Bank
Improvements: S1ax) Water Surface 
Elevations for the 100-year  Event
in the Extended Domain Simulations.
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Figure 12. Sheet A.
Comparison of Existing (Without
Project: S4ax) and Proposed (With
Project Including Right Bank
Improvements: S1aax) Water Surface
Elevations for the 100-year  Event in
the Extended Domain Simulations.
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Figure 12. Sheet B.
Comparison of Existing (Without
Project: S4ax) and Proposed (With
Project Including Right Bank
Improvements: S1aax) Water Surface
Elevations for the 100-year  Event in
the Extended Domain Simulations.
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Figure 12. Sheet C.
Comparison of Existing (Without
Project: S4ax) and Proposed (With
Project Including Right Bank
Improvements: S1aax) Water Surface
Elevations for the 100-year  Event in
the Extended Domain Simulations.
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flood (see Figure 10, Sheets A and B). This predicted increase in water-surface elevation 
is contained entirely within the reconnected floodplain by means of the setback levee. 
Because of the expansion of the available flow area into this reconnected floodplain, there 
are decreases in the inundation depth and flow velocity in the main channel and in right 
bank floodplain areas in the City of Pacific. The model results indicate the elimination of 
inundation for large areas of the right bank floodplain. 

Another major difference observed in the simulation results for conditions immediately 
following project construction is the elimination of flow over 8th Street E, southeast of the 
project site (see Figure 10, Sheet B). In existing conditions, the flow rate over 8th Street E is 
predicted to be significant during the 100-year flood event. The existing conditions model 
predicts that approximately 5,450 cubic feet per second, or 35 percent of the total peak 
discharge of the White River, will flow over 8th Street E east of the bridge during the 
100-year event. Most of the water in the floodplain in this area is predicted to reenter the 
river in the large meander south of 8th Street E. 

Downstream of the westward turn in the proposed setback levee, just south of the county 
boundary line (i.e., 1,200 feet upstream of the 8th Street E Bridge), the S1a simulation 
(proposed conditions immediately after construction) model results show a temporary 
increase in water surface elevations in the river channel and adjacent floodplain areas 
(Figure 10) primarily because the setback levee will eliminate the split flow overtopping the 
left bank wetland area and 8th Street E. The simulated water surface elevation differences 
between existing and proposed conditions immediately after construction are largest 
immediately upstream of the 8th Street E Bridge, since water will accumulate here and be 
forced to flow under the bridge after project construction is complete. Some of the increased 
accumulation of flood water can be accommodated in the reconnected floodplain on the left 
bank, but not all of it. The predicted increase in water surface elevation during the 100-year 
flood event following project construction extends into the main channel from the county line 
to the beginning of the meander downstream of the 8th Street E Bridge. Compared to existing 
conditions, the water surface elevations in the main channel are predicted to be up to 2 feet 
higher upstream of the 8th Street E Bridge to less than 0.5 feet higher downstream of the 
bridge in the timeframe immediately following project construction. These increases also 
drive more flow into the floodplain in this reach, though water surface elevation increases in 
the adjacent floodplain areas are predicted to be generally less than 1 foot at the peak of the 
100-year flood event. The greatest increases outside of the channel will occur near the river 
in a mitigation wetland owned by Pierce County on the right bank. The model results indicate 
that the project is not expected to increase the extent of existing flooding or inundate 
properties that do not currently flood. The modeling results in this area of the right bank 
floodplain indicate that flow patterns here are complex due to reverse flow up Government 
Canal, which allows flood waters to inundate areas along Butte Avenue; however, the 
downstream extent of this area along Butte Avenue is hydraulically disconnected from the 
river due to topographic barriers imposed by dredge spoil mounds east of Butte Avenue, the 
Union Pacific Railroad embankment to the west, and the 8th Street E road prism to the south, 
which thereby exacerbate and extend the duration of flooding in this area under existing 
conditions. 
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The relative increases in water-surface elevations described above for residential properties 
located on the right bank along Butte Avenue are expected to diminish to within the 
resolution of the hydraulic model (inches) within 10 to 15 years following project construction 
(Herrera 2012d). The reason for this reduction in flood impact over time is two-fold. First, the 
project will reduce the rate of sediment accumulation in the main channel by opening up 
80 to 100 acres of reconnected floodplain for sediment deposition and storage. Second, the 
filling of floodplain areas downstream of the project for permitted land development within 
the City of Sumner is currently underway. This floodplain fill occurred soon after topographic 
surface data were obtained for the project hydraulic modeling, hence the model does not 
account for the effects of these newly added fill areas. Also not included in the baseline 
conditions is temporary fill (sand bags) placed during flood events to protect existing private 
development (as was done in January 2009 and is planned by multiple agencies during future 
flood fights). The cumulative impact of these actions is to reduce split flow to the left bank 
wetland and over 8th Street E and increase baseline flood elevations on the right bank south 
of Government Canal. These actions, not included in the modeling, consequently reduce the 
relative modeled impacts imposed in this area by the Countyline project. Because the 
hydraulic models do not account for the recent fill in the area of the split flow or future 
flood-fight fill, the potential impacts described above are considered conservative estimates. 

The additional flow that can be contained in the reconnected floodplain relative to existing 
conditions will also increase flow velocities in the river channel in the vicinity of the 8th 
Street E Bridge (see Figure 11, Sheets B and C). Increases in flow velocity in this area will 
also likely cause increased scour of the river bed at the bridge during large floods. Scour 
calculations conducted by King County (2013) indicate that maximum scour for the 100-year 
event will increase by approximately 2 to 3 feet immediately after construction. Because the 
thalweg (the deepest part of the river) at the bridge has aggraded approximately 2 feet since 
the bridge was constructed in 1952, and because the 100-year peak flow at that time was 
approximately 3,500 cfs greater, the additional 2 to 3 feet of scour is not expected to 
increase the risk to the bridge above what existed in the past. 

The model results for proposed conditions immediately following construction also show 
increased flow velocities in the large meander south of the bridge and in the floodplain 
on both banks immediately adjacent to the meander (see Figure 11, Sheet C). Once water 
returns to the channel at the downstream end of the meander from these adjacent floodplain 
areas, the predicted differences in water surface elevations and flow velocities between 
existing and proposed conditions vanish. This is an expected finding because this is the same 
general location along the river where flow overtopping 8th Street E in major floods will 
reenter the river in the existing condition. 

Figures 12 and 13 present the simulated differences in water surface elevations and flow 
velocities, respectively, during the 100-year flood event between existing (S4ax) and proposed 
(S1aax) conditions with inclusion of the proposed right bank floodplain improvements upstream 
of the 8th Street E bridge (a future King County project). The model results are roughly the 
same as without the right bank floodplain improvements, with the obvious and important 
exception that riverward of the proposed right bank setback levee all flooding is eliminated 
in the proposed conditions case. The water surface elevation increases predicted around the  
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Figure 13. Sheet A.
Comparison of Existing (Without 
Project: S4ax) and Proposed (With
Project Including Right Bank
Improvements: S1aax) Water Surface
Elevations for the 100-year Event in
the Extended Domain Simulations.
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Figure 13. Sheet B.
Comparison of Existing (Without 
Project: S4ax) and Proposed (With
Project Including Right Bank
Improvements: S1aax) Water Surface
Elevations for the 100-year Event in
the Extended Domain Simulations.
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Figure 13. Sheet C.
Comparison of Existing (Without 
Project: S4ax) and Proposed (With
Project Including Right Bank
Improvements: S1aax) Water Surface
Elevations for the 100-year Event in
the Extended Domain Simulations.
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8th Street E Bridge following construction of proposed right bank floodplain improvements 
are also broadly similar to the simulation (scenario S1a) without the right bank floodplain 
improvements. This is likely because the area inundated in the City of Pacific under existing 
conditions provides relatively little flood flow conveyance and storage compared to the total 
flow in the main channel and in the proposed left bank setback floodplain. 

Quality Control 
As discussed at length in Herrera (2012d), the initial model runs with a smaller model domain 
failed to consistently conserve mass. Two primary reasons were cited for this in Herrera 
(2012d). First, the model “produced” flow due to inaccuracies in calculation of flow near 
and around 8th Street E, primarily in the existing conditions simulations due to the adverse 
slope associated with water flowing over the road prism. The other possibility for error was 
that the boundary conditions employed were highly simplified in the downstream end of the 
left bank floodplain and could have forced model errors. It was unclear from the results at 
that time which was more important. Therefore, it was recommended to expand the model 
domain to completely resolve the flow in the left bank floodplain. 

From subsequent testing with RiverFLO-2D Version 3.0 and the extended model domain, 
it was found that both sources of error likely contributed to the continuity problems, 
especially in the existing conditions simulations where significant flow is predicted over 
8th Street E. In addition, the wetting-drying method used in RiverFLO-2D (i.e., how the model 
simulates wetting and drying of individual elements at small geographic scale in the mesh) 
also played a role. The wetting-drying method in the program changed over the course of 
the project modeling work based upon different issues encountered over time. Originally, 
Method A was used to determine wetting and drying (see the discussion in Herrera 2011a 
and 2011b). Method A was abandoned in the ensuing simulations documented in Herrera 
(2012d), and Method B was thereafter used exclusively because earlier simulations found that 
Method A produced anomalous “numerical piping” through the left bank levee immediately 
downstream of the A Street Bridge; however, after further analysis it was determined that 
the primary source of “numerical piping” was eliminated through the inclusion of a second 
breakline in the mesh at the top of the levee. Based on that finding, Method A was 
subsequently reused without these effects, while better conserving mass. The final extended 
domain results, which are used as the primary basis for understanding off-site impacts, were 
developed using Method B and conserved mass within 5 percent, which is sufficiently small as 
to be considered reasonable and not an indication that further testing of the wetting and 
drying method is needed. 

It is important to note that although the simulations with the extended model domain did 
not produce the exact same water surface elevations and flow velocities as the earlier 
simulations with the limited domain, in a broad sense they captured all of the same flow 
features as the smaller domain results. In all of the comparative simulations, significant flood 
reduction benefits are expected to be achieved north of the Government Canal confluence as 
a result of project implementation, with those benefits diminishing in the upstream direction 
to a point at or near the A Street Bridge. Further, simulations with both the original model 
domain and the extended model domain indicate that temporary water surface elevation 
increases can be expected following project construction from the confluence of Government 
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Canal with the mainstem river to a point approximately 1,000 feet downstream of the 
8th Street E Bridge. In all of the scenarios that were modeled, this effect is due to the 
elimination of large volumes of split flow over 8th Street E in the existing condition 
simulations. 

These impacts are expected to diminish over time due to increase relocation of sedimentation 
from the main channel to the left bank wetland. In the without-project case, deposition will 
continue to be concentrated in the constrained main channel until the channel bed exceeds 
the elevation of the left bank levee, at which time all of the flow will leave the channel 
even during drier periods. With the project, it is expected that sediment will be deposited 
preferentially in the lower left bank wetland. This action will maintain conveyance in the 
main channel for at least the design life of the proposed project (30 years), maintaining flood 
levels near immediately post-construction levels. 

Because of concern about the continuity problems, a procedure was subsequently developed 
to assess the quality and repeatability of the modeling results and is recommended in any 
future large modeling effort conducted by King County and others. The procedure is as 
follows: 

 Perform steady-state simulations to determine if the flow rate remains constant 
through several cross sections scattered throughout the model domain. 

 If there are large discrepancies, increase the model resolution in the vicinity of those 
sections, particularly in areas where flow velocities or velocity gradients are large. 

 Once the steady state runs satisfy continuity throughout the model domain, commence 
modeling with unsteady flows to assess proposed channel and floodplain conditions. 

Although calibration was completed on the hydraulic model only for the January 2009 event 
(Herrera 2011a), and then only on a post-2009-flood surface, smaller floods in the intervening 
time were examined to determine the continued accuracy of the model given the changes 
known to have occurred on site. For example, the model indicates that the 3-foot dirt berm at 
south end of wetland will overtop at approximately 7,500 cfs. On February 23, 2012, a peak 
flow of 7,280 cfs was observed. At this time, the berm was “within inches of overtopping” 
(Chris Brummer, personal communication), consistent with the current model estimates. 

There are large differences between the results presented herein and other model estimates 
(e.g., King County [2013]). These differences are directly related to topographic changes 
within the project site. For instance, the average bed change was approximately 4 inches per 
year in the channel between 2007 and 2011 based upon an analysis of the two topographic 
data sets used during the design process. These changes are well known and documented 
in the project literature (Herrera [2010]) and the peer-reviewed literature (Collins and 
Montgomery [2011]). Therefore it is expected that the model is accurately predicting current 
flood conditions considerably better than other flood models in the vicinity of the project site 
with older topography. 
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Assumptions and Limitations 
Like all modeling analyses, there are numerous assumptions that can limit the applicability 
and accuracy of the forecast of future conditions. Some key assumptions and the limitations 
associated with them for this project are: 

 All of the hydraulic modeling performed to date was for meteorological (“clear 
water”) floods only. The entire study area is within a documented lahar zone of 
Mount Rainier (Washington State Department of Natural Resources 2013). Lahars 
produce mud and debris that could be carried by the White River into the study area. 
This phenomenon was not considered in this analysis. 

 The latest available topographic surface information was used to model the conditions 
documented herein (April 2011 lidar and survey). However, known topographic 
changes have occurred since that time. Newly placed fill in the floodplain may have 
unknown impacts on the flood conditions reported herein and may exacerbate existing 
flooded areas or trigger flooding in areas not currently predicted to be inundated. 

 The existing conditions model does not assume any informal, ad hoc flood fighting 
activities. The model results for existing conditions indicate that large areas of 
development would be inundated in a moderate (5- to 10-year recurrence interval) 
flood event. Flood fighting of any kind may direct flood waters to areas that are not 
shown to be inundated in the model results figures in this document. These actions 
may also initiate geomorphic changes which were not considered here. 

 The buildings included as obstructions to (and displacement of) flow in the right bank 
floodplain were those that could be identified in the 2011 aerial photographs that 
accompanied the lidar survey. Recently permitted structures within flooded areas may 
change flooding patterns and flow velocities in comparison to the results presented for 
the extended domain model results. 
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SSUMMARY OF FINDINGS 
The following summary statements are based upon the model results discussed in this 
memorandum: 

 The findings are based on the projection of recent trends in sediment deposition 
within the project reach and assume that both the Countyline (left bank) project 
and the future right bank project (or temporary flood protection measures) will be 
constructed to provide 100-year flood protection with 3 feet of freeboard throughout 
the service life of the project. 

 The extended domain model simulations produced results that satisfied continuity 
and were physically realistic for all of the conditions simulated between the A Street 
Bridge and the White River near the Lake Tapps diversion return. 

 The proposed Countyline project will lower flood water surface elevations by several 
feet along the right bank of the White River in the City of Pacific for all time periods 
examined. The greatest flood reduction benefit appears to be in the vicinity of Pacific 
City Park, where modeled flood water surface elevation reductions of up to 5 feet are 
predicted immediately following project construction. 

 For floodplain areas downstream of Government Canal, nearly all of the differences 
in flood water surface elevations and flow velocities simulated between existing and 
proposed conditions are because the project will eliminate flow over 8th Street E (a 
major arterial) for all flows greater than 7,500 cfs (which is less than the 2-year event) 
and instead send all of water through the 8th Street E Bridge crossing. Temporary 
water surface elevations increases are expected immediately after construction in the 
right bank floodplain along Butte Avenue upstream of the 8th Street E Bridge due to 
the backwater effects from the bridge and associated fill. Temporary water surface 
elevation increases are also expected in major floods in the right bank floodplain 
downstream of this bridge. The model results indicate that water surface elevations in 
the floodplain outside of the channel in these areas can be expected to increase by up 
to 1 foot upstream of the bridge and by less than 0.5 feet downstream of the bridge 
immediately after construction and will decline relative to future conditions if the 
project was not constructed. Both areas of estimated water surface elevation increase 
are within the present-day, 100-year flood zone. Because these increases in flood 
elevations are temporary relative to future conditions without the project, the 
increased risk would only be realized if a major flood event occurs during the first 
10 to 15 years after construction. 

 Differences in channel bed scour around the 8th Street E Bridge foundation piers 
between existing and proposed conditions are not expected to have a significant 
impact on flood water surface elevations upstream or downstream of the bridge or on 
the structural integrity of the bridge. 
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 The simulated differences between the existing and proposed conditions models (with 
extended domain) vanish at the south end of the Sumner Meadows Golf Course and 
near the Lake Tapps diversion return, where the left overbank floodplain flow over 8th 
Street E would return to the main channel in existing conditions. 
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Figure A-4. Sheet A.
Without Project Year Zero (S4a)
Simulation Water Velocity Results
for the 100-year Flood Event.
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Figure A-4. Sheet B.
Without Project Year Zero (S4a)
Simulation Water Velocity Results
for the 100-year Flood Event.
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Without Project Year Zero (S4a)
Simulation Water Surface Elevation
Results for the 500-year Flood Event.
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Figure A-5. Sheet B.
Without Project Year Zero (S4a)
Simulation Water Surface Elevation
Results for the 500-year Flood Event.
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Figure A-6. Sheet A.
Without Project Year Zero (S4a)
Simulation Water Velocity Results
for the 500-year Flood Event.





GF GF
GF

GF GF GF

GF

GF

GF

GF

GF

UP RR

5

5.7

5.6

5.5

5.4

5.3

5.25.1

4.9
4.84.7

12
89

20
0

12
89

20
0

12
89

60
0

12
89

60
0

12
90

00
0

12
90

00
0

12
90

40
0

12
90

40
0

12
90

80
0

12
90

80
0

12
91

20
0

12
91

20
0

12
91

60
0

12
91

60
0

12
92

00
0

12
92

00
0

12
92

40
0

12
92

40
0

12
92

80
0

12
92

80
0

93600

93600

94000

94000

94400

94400

94800

94800

95200

95200

95600

95600

96000

96000

96400

96400

96800

96800

97200

97200

97600

97600

98000

98000

0 400 800200

Feet

Produced By: GIS
Project: K:\Projects\10-04770-000\Project\H&H_Modeling_Figures\reckoned_domain_velocity_appendix_figures.mxd (6/13/2013)
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Figure A-6. Sheet B.
Without Project Year Zero (S4a)
Simulation Water Velocity Results
for the 500-year Flood Event.
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Figure A-7. Sheet A.
Without Project Year Zero (S4a)
Simulation Water Surface Elevation
Results for Mean Annual Flow.
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Figure A-7. Sheet B.
Without Project Year Zero (S4a)
Simulation Water Surface Elevation
Results for Mean Annual Flow.
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Figure A-8. Sheet A.
Without Project Year Zero (S4a)
Simulation Water Velocity Results
for Mean Annual Flow.
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Figure A-8. Sheet B.
Without Project Year Zero (S4a)
Simulation Water Velocity Results
for Mean Annual Flow.
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Figure A-9. Sheet A.
Without Project Short-Term (S4b)
Simulation Water Surface Elevation
Results for the 2-year Flood Event.
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Aerial: USDA (2009)
Coordinates: NAD 1983 Washington 
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Figure A-9. Sheet B.
Without Project Short-Term (S4b)
Simulation Water Surface Elevation
Results for the 2-year Flood Event.
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Aerial: USDA (2011)
Coordinates: NAD 1983 Washington 
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Figure A-10. Sheet A.
Without Project Short-Term (S4b)
Simulation Water Velocity Results
for the 2-year Flood Event.
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Figure A-10. Sheet B.
Without Project Short-Term (S4b)
Simulation Water Velocity Results
for the 2-year Flood Event.
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Aerial: USDA (2009)
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Figure A-11. Sheet A.
Without Project Short-Term (S4b)
Simulation Water Surface Elevation
Results for the 100-year Flood Event.
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Aerial: USDA (2009)
Coordinates: NAD 1983 Washington 
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Figure A-11. Sheet B.
Without Project Short-Term (S4b)
Simulation Water Surface Elevation
Results for the 100-year Flood Event.
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Aerial: USDA (2011)
Coordinates: NAD 1983 Washington 
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Figure A-12. Sheet A.
Without Project Short-Term (S4b)
Simulation Water Velocity Results
for the 100-year Flood Event.
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Aerial: USDA (2011)
Coordinates: NAD 1983 Washington 
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Figure A-12. Sheet B.
Without Project Short-Term (S4b)
Simulation Water Velocity Results
for the 100-year Flood Event.
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Aerial: USDA (2009)
Coordinates: NAD 1983 Washington 
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Figure A-13. Sheet A.
Without Project Short-Term (S4b)
Simulation Water Surface Elevation
Results for the 500-year Flood Event.
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Aerial: USDA (2009)
Coordinates: NAD 1983 Washington 

State Plane North (ft)

Figure A-13. Sheet B.
Without Project Short-Term (S4b)
Simulation Water Surface Elevation
Results for the 500-year Flood Event.
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Aerial: USDA (2011)
Coordinates: NAD 1983 Washington 
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Figure A-14. Sheet A.
Without Project Short-Term (S4b)
Simulation Water Velocity Results
for the 500-year Flood Event.





GF GF
GF

GF GF GF

GF

GF

GF

GF

GF

UP RR

5

5.7

5.6

5.5

5.4

5.3

5.25.1

4.9
4.84.7

12
89

20
0

12
89

20
0

12
89

60
0

12
89

60
0

12
90

00
0

12
90

00
0

12
90

40
0

12
90

40
0

12
90

80
0

12
90

80
0

12
91

20
0

12
91

20
0

12
91

60
0

12
91

60
0

12
92

00
0

12
92

00
0

12
92

40
0

12
92

40
0

12
92

80
0

12
92

80
0

93600

93600

94000

94000

94400

94400

94800

94800

95200

95200

95600

95600

96000

96000

96400

96400

96800

96800

97200

97200

97600

97600

98000

98000

0 400 800200

Feet

Produced By: GIS
Project: K:\Projects\10-04770-000\Project\H&H_Modeling_Figures\reckoned_domain_velocity_appendix_figures.mxd (6/13/2013)

Aerial: USDA (2011)
Coordinates: NAD 1983 Washington 
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Figure A-14. Sheet B.
Without Project Short-Term (S4b)
Simulation Water Velocity Results
for the 500-year Flood Event.
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Aerial: USDA (2009)
Coordinates: NAD 1983 Washington 
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Figure A-15. Sheet A.
Without Project Short-Term (S4b)
Simulation Water Surface Elevation
Results for Mean Annual Flow.
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Aerial: USDA (2009)
Coordinates: NAD 1983 Washington 

State Plane North (ft)

Figure A-15. Sheet B.
Without Project Short-Term (S4b)
Simulation Water Surface Elevation
Results for Mean Annual Flow.
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Aerial: USDA (2011)
Coordinates: NAD 1983 Washington 
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Figure A-16. Sheet A.
Without Project Short-Term (S4b)
Simulation Water Velocity Results
for Mean Annual Flow.
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Aerial: USDA (2011)
Coordinates: NAD 1983 Washington 
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Figure A-16. Sheet B.
Without Project Short-Term (S4b)
Simulation Water Velocity Results
for Mean Annual Flow.
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Aerial: USDA (2009)
Coordinates: NAD 1983 Washington 
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Figure A-17. Sheet A.
Without Project Fully Evolved (S4c)
Simulation Water Surface Elevation
Results for the 2-year Flood Event.
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Figure A-17. Sheet B.
Without Project Fully Evolved (S4c)
Simulation Water Surface Elevation
Results for the 2-year Flood Event.
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Figure A-18. Sheet A.
Without Project Fully Evolved (S4c)
Simulation Water Velocity Results
for the 2-year Flood Event.
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Figure A-18. Sheet B.
Without Project Fully Evolved (S4c)
Simulation Water Velocity Results
for the 2-year Flood Event.
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Figure A-19. Sheet A.
Without Project Fully Evolved (S4c)
Simulation Water Surface Elevation
Results for the 100-year Flood Event.
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Coordinates: NAD 1983 Washington 
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Figure A-19. Sheet B.
Without Project Fully Evolved (S4c)
Simulation Water Surface Elevation
Results for the 100-year Flood Event.
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Aerial: USDA (2011)
Coordinates: NAD 1983 Washington 
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Figure A-20. Sheet A.
Without Project Fully Evolved (S4c)
Simulation Water Velocity Results
for the 100-year Flood Event.
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Coordinates: NAD 1983 Washington 

State Plane North (ft)

Legend

Prepared for King County by Herrera

Water velocity (ft/sec)

GF River mile

Railroad

Project area

County boundary

0.05 to 2

2 to 4

4 to 6

6 to 8

8 to 10

10 to 12

12 to 14

14 to 16

16 to 18

> 18

Figure A-20. Sheet B.
Without Project Fully Evolved (S4c)
Simulation Water Velocity Results
for the 100-year Flood Event.
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Figure A-21. Sheet A.
Without Project Fully Evolved (S4c)
Simulation Water Surface Elevation
Results for the 500-year Flood Event.
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Aerial: USDA (2009)
Coordinates: NAD 1983 Washington 
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Figure A-21. Sheet B.
Without Project Fully Evolved (S4c)
Simulation Water Surface Elevation
Results for the 500-year Flood Event.
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Aerial: USDA (2011)
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Figure A-22. Sheet A.
Without Project Fully Evolved (S4c)
Simulation Water Velocity Results
for the 500-year Flood Event.
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Aerial: USDA (2011)
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Figure A-22. Sheet B.
Without Project Fully Evolved (S4c)
Simulation Water Velocity Results
for the 500-year Flood Event.
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Aerial: USDA (2009)
Coordinates: NAD 1983 Washington 
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Figure A-23. Sheet A.
Without Project Fully Evolved (S4c)
Simulation Water Surface Elevation
Results for Mean Annual Flow.
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Aerial: USDA (2009)
Coordinates: NAD 1983 Washington 
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Figure A-23. Sheet B.
Without Project Fully Evolved (S4c)
Simulation Water Surface Elevation
Results for Mean Annual Flow.
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Figure A-24. Sheet A.
Without Project Fully Evolved (S4c)
Simulation Water Velocity Results
for Mean Annual Flow.
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Figure A-30. Sheet A.
With Project Year Zero (S1a)
Simulation Water Velocity Results
for the 500-year Flood Event.
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Figure A-25. Sheet A.
With Project Year Zero (S1a)
Simulation Water Surface Elevation
Results for the 2-year Flood Event.
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Figure A-25. Sheet B.
With Project Year Zero (S1a)
Simulation Water Surface Elevation
Results for the 2-year Flood Event.
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Figure A-26. Sheet A.
With Project Year Zero (S1a)
Simulation Water Velocity Results
for the 2-year Flood Event.
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Figure A-26. Sheet B.
With Project Year Zero (S1a)
Simulation Water Velocity Results
for the 2-year Flood Event.
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Figure A-27. Sheet A.
With Project Year Zero (S1a)
Simulation Water Surface Elevation
Results for the 100-year Flood Event.
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Figure A-27. Sheet B.
With Project Year Zero (S1a)
Simulation Water Surface Elevation
Results for the 100-year Flood Event.
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Figure A-28. Sheet A.
With Project Year Zero (S1a)
Simulation Water Velocity Results
for the 100-year Flood Event.
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Figure A-28. Sheet B.
With Project Year Zero (S1a)
Simulation Water Velocity Results
for the 100-year Flood Event.
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Figure A-29. Sheet A.
With Project Year Zero (S1a)
Simulation Water Surface Elevation
Results for the 100-year Flood Event.
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Figure A-29. Sheet B.
With Project Year Zero (S1a)
Simulation Water Surface Elevation
Results for the 100-year Flood Event.
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Figure A-30. Sheet B.
With Project Year Zero (S1a)
Simulation Water Velocity Results
for the 500-year Flood Event.
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With Project Year Zero (S1a)
Simulation Water Surface Elevation
Results for Mean Annual Flow.
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Figure A-31. Sheet B.
With Project Year Zero (S1a)
Simulation Water Surface Elevation
Results for Mean Annual Flow.
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Figure A-32. Sheet A.
With Project Year Zero (S1a)
Simulation Water Velocity Results
for Mean Annual Flow.
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Figure A-32. Sheet B.
With Project Year Zero (S1a)
Simulation Water Velocity Results
for Mean Annual Flow.
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Figure A-33. Sheet A.
With Project Short-Term (S1b)
Simulation Water Surface Elevation
Results for the 2-year Flood Event.
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Figure A-33. Sheet B.
With Project Short-Term (S1b)
Simulation Water Surface Elevation
Results for the 2-year Flood Event.
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Figure A-34. Sheet A.
With Project Short-Term (S1b)
Simulation Water Velocity Results
for the 2-year Flood Event.
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Figure A-34. Sheet B.
With Project Short-Term (S1b)
Simulation Water Velocity Results
for the 2-year Flood Event.
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Figure A-35. Sheet A.
With Project Short-Term (S1b)
Simulation Water Surface Elevation
Results for the 100-year Flood Event.
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Figure A-35. Sheet B.
With Project Short-Term (S1b)
Simulation Water Surface Elevation
Results for the 100-year Flood Event.
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Figure A-36. Sheet A.
With Project Short-Term (S1b)
Simulation Water Velocity Results
for the 100-year Flood Event.
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Figure A-36. Sheet B.
With Project Short-Term (S1b)
Simulation Water Velocity Results
for the 100-year Flood Event.
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Figure A-37. Sheet A.
With Project Short-Term (S1b)
Simulation Water Surface Elevation
Results for the 500-year Flood Event.
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Figure A-37. Sheet B.
With Project Short-Term (S1b)
Simulation Water Surface Elevation
Results for the 500-year Flood Event.
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Figure A-38. Sheet A.
With Project Short-Term (S1b)
Simulation Water Velocity Results
for the 500-year Flood Event.
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Figure A-38. Sheet B.
With Project Short-Term (S1b)
Simulation Water Velocity Results
for the 500-year Flood Event.
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Aerial: USDA (2009)
Coordinates: NAD 1983 Washington 
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Figure A-39. Sheet A.
With Project Short-Term (S1b)
Simulation Water Surface Elevation
Results Mean Annual Flow.
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Figure A-39. Sheet B.
With Project Short-Term (S1b)
Simulation Water Surface Elevation
Results Mean Annual Flow.
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Aerial: USDA (2011)
Coordinates: NAD 1983 Washington 
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Figure A-40. Sheet A.
With Project Short-Term (S1b)
Simulation Water Velocity Results
for Mean Annual Flow.
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Figure A-40. Sheet B.
With Project Short-Term (S1b)
Simulation Water Velocity Results
for Mean Annual Flow.





GF

GF

GF

GF

GF

GF

GF

GF

GF

GF

GF

BNSF RR

6

6.5

6.4

6.3

6.2

6.1

5.9

5.8

5.7

5.6

5.5

12
91

20
0

12
91

20
0

12
91

60
0

12
91

60
0

12
92

00
0

12
92

00
0

12
92

40
0

12
92

40
0

12
92

80
0

12
92

80
0

12
93

20
0

12
93

20
0

12
93

60
0

12
93

60
0

12
94

00
0

12
94

00
0

12
94

40
0

12
94

40
0

12
94

80
0

12
94

80
0

96800 97200

97200

97600

97600

98000

98000

98400

98400

98800

98800

99200

99200

99600

99600

100000

100000

100400

100400

100800

100800

101200

101200

101600

101600

0 400 800200

Feet

Produced By: GIS
Project: K:\Projects\10-04770-000\Project\H&H_Modeling_Figures\reckoned_domain_WSE_appendix_figures.mxd (6/13/2013)

Aerial: USDA (2009)
Coordinates: NAD 1983 Washington 
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Figure A-41. Sheet A.
With Project Fully Evolved (S1c)
Simulation Water Surface Elevation
Results for the 2-year Flood Event.
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Aerial: USDA (2009)
Coordinates: NAD 1983 Washington 
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Figure A-41. Sheet B.
With Project Fully Evolved (S1c)
Simulation Water Surface Elevation
Results for the 2-year Flood Event.
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Aerial: USDA (2011)
Coordinates: NAD 1983 Washington 
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Figure A-42. Sheet A.
With Project Fully Evolved (S1c)
Simulation Water Velocity Results
for the 2-year Flood Event.
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Coordinates: NAD 1983 Washington 
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Figure A-42. Sheet B.
With Project Fully Evolved (S1c)
Simulation Water Velocity Results
for the 2-year Flood Event.
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Aerial: USDA (2009)
Coordinates: NAD 1983 Washington 
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Figure A-43. Sheet A.
With Project Fully Evolved (S1c)
Simulation Water Surface Elevation
Results for the 100-year Flood Event.
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Aerial: USDA (2009)
Coordinates: NAD 1983 Washington 
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Figure A-43. Sheet B.
With Project Fully Evolved (S1c)
Simulation Water Surface Elevation
Results for the 100-year Flood Event.
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Floodplain Geomorphic Surface Development Approach Technical Memorandum — 1 
White River at Countyline Levee Setback Project

IINTRODUCTION 
This memorandum was prepared for King County’s (the County’s) proposed White River at 
Countyline Levee Setback Project (the Project) under contract Amendment #3 as a 
supplement and update to the initial Model Approach Memo prepared under Task 200.1 in 
2011 (Herrera 2011c). King County intends to remove an existing, near-channel levee and
revetment and then construct a new setback levee and biorevetment in the project area to 
improve flood water conveyance, thereby reducing flooding impacts on area residents and
public infrastructure while also improving habitat for fish and wildlife.

Flooding in the project area is directly affected by sediment transport and depositional
processes inherent to the White River. King County previously retained Herrera to perform 
hydraulic and sediment transport modeling for the proposed project (Task 200.3 and 200.8) 
and document the modeling results in a memorandum prepared under Task 200.4 (Herrera 
2012). Based upon the model calibration and validation results, it was determined that the 
sediment transport numerical modeling was not sufficiently accurate to predict future 
geomorphic changes, particularly considering the degree to which the system is out of 
equilibrium with respect to sediment supply (Herrera 2012). Thus, a different method of 
predicting future geomorphic change is necessary to support project effects analysis and 
design. 

This memorandum describes an alternate approach to generate a prediction of future 
geomorphic changes.  Included in this memorandum is a description of the methodology of a 
process that will be used to develop a series of topographic surfaces that simulate future 
conditions at the project site. These surfaces and the subsequent hydraulic modeling of them 
will have direct application to engineering design analyses and will be used to assist the 
design team in identifying potential project effects. The surfaces include a representation of 
physical site characteristics for no-project and with-project conditions covering a suite of 
geomorphic behaviors expected over the short-term (approximately 3 years following 
construction) and a “fully evolved” state in the long-term. Hence, there are four scenarios 
simulated in three time periods.  Hydraulic modeling methods and results based upon the 
predicted topographic surfaces will be described in a separate memorandum prepared at a 
later date under Task 200.9.

Project Site and Study Area 
The proposed project site is on the left (east) bank of the White River between river mile 
(RM) 4.9 and RM 6.1, downstream of the A Street Bridge. The project site lies within 
incorporated King County, Washington in the City of Pacific and also extends into the City of 
Sumner in incorporated Pierce County, with a small portion lying in an area of unincorporated 
Pierce County (Figure 1). 



Month Year

2 Draft/Final Report Title

The study area, which in the case of a modeling project is the model domain, extends 
between approximately RM 4.4 and RM 6.7. A study area larger than the project site is 
required to properly “spin-up” the numerical hydraulic model and to identify risks to adjacent
infrastructure, such as the A Street Bridge, a Burlington Northern and Santa Fe Railway (BNSF) 
bridge, Stewart Road SE and its bridge crossing over the river, and private development on 
both sides of the river.
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SSCENARIO DEVELOPMENT METHODOLOGY 
The methodology of the numerical modeling component of the Project has already been 
described in large part in the Model Approach Memo prepared under Task 200.1 (Herrera 
2011c) and the subsequent 2012 technical memorandum prepared under Task 200.4 (Herrera 
2012); however, updates to that approach and a cursory background are summarized here. 
RiverFLO-2D is the hydraulic and sediment transport modeling software that has been used to 
date for the Project, and that will continue to be used for numerical hydraulic modeling in 
support of the design and impacts assessment. Figure 1 shows the RiverFLO-2D model domain, 
along with many other key locations discussed in the following sections.

The numerical hydraulic modeling to estimate future impacts from the Project requires the 
establishment of some basic terminology. To fully vet the range of possible outcomes that the 
Project may produce, several scenarios (i.e., possible outcomes) are investigated. These 
correspond to the scenario number (e.g., S1, where the 1 corresponds to the most-likely, 
with-project scenario). Because the site is dynamic from a geomorphic point of view, these 
scenarios need to be analyzed at different periods of time in the future. The result is that 
several surfaces will need to be constructed and used as the geometry for the individual
hydraulic model runs, called simulations. They are called simulations because they are 
intended to simulate most likely future conditions, and do not represent a definitive 
calculation because there is inherent unpredictability to the alignment of the river over time. 
The time period of interest is denoted with a suffix in the simulation number (e.g., S1c, 
where c corresponds to the fully evolved, most likely, with-project simulation).

The development of the methodology for the scenarios and surfaces was synthesized and 
discussed in a series of three meetings involving Herrera and County staff. These meetings 
chronologically addressed increasing specificity in the methodology documented in this 
memorandum. The first meeting, held on March 15, 2012, determined the type of simulations 
(i.e., existing without-project, with-project most probable, and two avulsion scenarios) to be 
performed and the basic methodology to be used to develop the future floodplain topography 
scenarios. The second meeting, held on April 4, 2012, developed the details (e.g., the types 
of channels to be developed, major assumptions associated with future actions, etc.) of the 
scenarios. The final meeting, held on April 12, 2012, established a procedure to define the 
estimated quantities of sediment to be eroded and deposited in the identified future 
conditions scenarios.

Finally, it is important to mention that data of all sorts (e.g., hydraulic, sediment 
concentration, survey, etc.) is being collected continuously on geomorphic changes occurring 
throughout the study area. Therefore, the methodology may be refined based upon these new 
observations as appropriate.
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Background Information  
There have been a number of studies completed to characterize sediment transport through 
the Project site and downstream to Commencement Bay. These studies provide the scientific 
basis for the model scenarios originally developed and described in Herrera (2011a),
particularly as the system evolves following project implementation. Similar studies of other 
fluvial systems are relevant for context and for understanding how researchers have 
addressed predictions of sediment transport and deposition in those systems. Additionally, 
there have been several studies and investigations at the project site during the course of 
project development. The studies and data sets include:

Project-specific work contracted or performed by the County

A sediment trends report for the White River between RM 4.44 to RM 10.60 (Herrera 
2010)

Previous modeling reports regarding the project, including topographic comparisons 
between 2007, 2009, and 2011 (Herrera 2011a, 2011b, 2011c and 2012) 

An exploration by the County of the left bank levee composition at the project site 
(King County 2011)

An earlier survey of hand-augered boreholes in the left bank floodplain within the 
project site provided by King County (Shannon & Wilson 2009)

An analysis of topographic data collected by the County and several recent lidar flights 
(King County 2012b)

An archeological investigation of the project site, which included 90 shovel probes of 
shallow subsurface conditions provided by King County (Paragon Research Associates 
2011)

A radiocarbon analysis of soil borings in the project site provided by King County (Beta 
Analytic 2010)

Oblique aerial photographs taken during the January 2009 and February 2012 flood 
events (U.S. Army Corps of Engineers 2009; King County 2012a)

Site-specific work developed for other purposes

A U.S. Geological Survey (USGS) study that sought to characterize and model sediment 
transport in the greater lower Puyallup River system, including the project site (Czuba 
et al. 2010; Czuba et al. 2011), and a subsequent study to develop a sediment budget 
for the White-Puyallup basin (public release date expected in later 2012).

USGS sediment sampling (bedload and suspended load) of the White River at R Street 
in Auburn (USGS 2010) 
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A sediment rating curve constructed by USGS staff of the White River in the 1980s 
(Sikonia 1990) 

Washington State Department of Ecology well logs for wells and borings drilled by 
others within the project site (Ecology 2012) 

Historical resources

Several early investigations of sediment removal and channel conveyance in the 
greater lower Puyallup River system, including the project site (Borland 1984;
Prych 1988)

A series of Inter-County River Improvement (ICRI) maps that pre-date some of the 
human alterations to the river (ICRI 1914 and 1922, Undated) 

Historical aerial photographs provided by King County (King County 1936, 2008)

An analysis and description of historical channel locations of the White River (Collins 
and Sheikh 2004)

Analyses of potential analog sites and projects

Upper Puyallup River geomorphic assessment (Cardno-Entrix 2010)

Recent analysis of performance monitoring at the Hansen Creek levee setback project 
site (Mostrenko et al. 2011)  

A geomorphic analysis of the lower Tolt River (Herrera 2007)

An analysis of the ramifications of maintaining status quo levees in the lower Puyallup 
River on flooding and channel aggradation (TetraTech 2009)

General scientific literature related to the physical processes active at the project   

A recent peer-reviewed journal article describing the long-term geomorphic evolution 
of the study area (Collins and Montgomery 2011) 

Recent theoretical developments in the characterization of floodplain sedimentation 
(Lauer and Parker 2008a, 2008b)

A series of recent publications from around the world that describe the geomorphic 
evolution of channel cutoff events and the alluviation of former floodplain channels 
(Hooke 1995; Piegay et al. 2000; Hooke 2003; Citterio and Piegay 2009; Constantine 
et al. 2010; Le Coz et al. 2010; Zinger et al. 2011) 

These materials were used to synthesize and provide analogs for the development of several 
future topographic surfaces at the project site that are discussed below. In particular, these 
references were used to estimate the quantity and location of sediment that may deposit or 
erode in the project site to generate the surface to simulate future conditions. It is expected, 
however, that the scenario surfaces may each indicate that sediment deposition occurs in the 
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study area, including the without-project alternative. It is clear from the referenced studies 
that without extensive, ongoing sediment removal (i.e., dredging) the river channel within 
the project site will continue to aggrade over time (Herrera 2010; Czuba et al. 2010; Collins 
and Montgomery 2011).

General Surface Development Procedure 
The development of the surfaces will be a coordinated effort between the County and 
Herrera. The procedure will be dependent on the surface in question. In those instances 
where a surface is already prepared for another purpose (e.g., the post-construction surface,
S1a; and the without-project existing conditions simulation, S4a), those surfaces will be 
constructed by the County and delivered to Herrera. For the S4b surface, which is relatively 
straightforward to produce, a map .pdf (using the same format as previous maps produced for 
the Project: Herrera [2011c]) of the topographic differences between the April 2011 lidar 
surface and the S4b surface will be delivered to the County for their approval. The S4b 
surface will then be used as the surface, or topographic basis, for hydraulic modeling to be 
completed as part of Task 200.8. 

For all other surfaces, a hand sketch of the deposition and erosion present for the given 
scenario and time frame will be produced by the County, which details the distribution of 
sediment volumes calculated according to the analysis described in the next section. The 
sketch will be delivered to Herrera, who will modify the April 2011 lidar surface to reflect the 
modifications in the sketch. Once the surface is created, it will be used to generate a map 
.pdf of the differences between that surface and the April 2011 lidar surface. Once approved 
by the County, the surface will be used for the hydraulic model simulations. 
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SSURFACE DEVELOPMENT 
Basis of Topographic Surfaces 
The topographic surface of the floodplain for the scenarios described in the calibration report 
(Herrera 2011a) can be readily developed using the data sets and various methods described 
above. In the meeting on March 15, 2012, it was agreed upon that the pending hydraulic model 
runs will emulate the same four scenarios described in Herrera (2011a). These scenarios are 
summarized in Table 1, along with each set of simulations and the order in which they will be 
performed. All of the original scenarios developed in the production of the sediment transport 
numerical modeling approach can be attained through the four scenarios (S1-S4) listed below
(Herrera 2011c). 

The order of simulations follows with each successive time frame building on earlier ones. As 
a result, the simulations should occur in the order listed in Table 1 (numbers in parentheses 
following each scenario). A specific sequence is needed because some of the earlier model 
results indicating conditions immediately following construction (i.e. Year 0 and Short Term) 
will inform the patterns of sediment deposition and erosion that should be used to develop 
future surface topography for subsequent model runs. The need to change the sequence of 
the model simulations will be evaluated as preliminary modeling results become available.
Finally, to ensure that individual locations within the project site can be evaluated in a strict 
way (i.e., so that one point in the with-project model corresponds to the same exact point in 
the no-project model), the final model domain and mesh for all runs must be the same. This 
necessitates a “reckoning” of all model runs once the densest topographic/bathymetric mesh 
is determined because it cannot be known at the outset of these model simulations where the 
model mesh needs to be dense to accurately model the flow until all of the runs have been 
completed. Each model run will be replicated as necessary following the reckoning of the 
mesh. It was determined that the mean annual flow runs will be reckoned separately from the 
flood runs because of the propensity of those runs to produce highly resolved grids in the 
main channel that are unnecessary for and would significantly slow the flood event modeling. 

The study area is under continual change from both natural processes (e.g., deposition from 
incoming sediment input) and human modifications (e.g., development of adjacent land and 
associated infrastructure and the maintenance of flood facilities). Some of these types of 
changes have occurred in the study area since the latest model was developed, as documented 
in Herrera (2012). The “Year Zero” time will be set to coincide with the time of the 2011 lidar 
flight (April 2011). It is acknowledged that landscape and infrastructure alterations that may 
have an impact on the flood flow patterns have occurred since April 2011.  These include the 
placement of fill materials as related to land development south of Stewart Road SE.  Lidar
topographic data collected in spring 2012 is not yet available to incorporate into an update of 
the surface model in this area. Updating the surface model with topographic changes 
unrelated to the project could also pose a problem rectifying whether the cause of any 
changes in flood elevations were caused by the project or by the surface update.  In order to 
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assess changes in flood flow patterns and flood elevations resulting only from the project, 
recent landscape changes will not be included in the future model simulations. 

Assumed Sediment Deposition within the Study Area 
Numerous studies of sediment production, transport and deposition have been prepared for 
the White River basin which includes estimates of bed material deposited in the study area
(Prych 1988; Herrera 2010, 2011a, 2012; Czuba et al. 2011; King County 2012b). Bed material 
is distinguished from sediment size classifications (i.e., gravel/cobble, sand, silt/clay) 
because it includes sediment of a range of sizes. The estimates of deposited sediment in 
these studies were derived using a variety of methods, from quasi-analytical methods to 
topographic comparisons and dredge contract records. For those sediment studies developed 
prior to the 1990s (Borland 1984; Prych 1988), the volumes are strongly influenced by the 
effects of the extensive and ongoing dredging that was occurring at that time. The results of 
all of the bed material sediment budgets vary between roughly 1,100 and slightly less than 
110,000 cubic yards per year, based upon the bedload flux into the project site. These 
estimates depend on the approach by which they were obtained and the time-frame of the 
measurements. The highest (post-dredge) estimates come from a quasi-analytical approach 
(Syvitski et al. [2003] used in Herrera [2010]). This method implicitly incorporates a relatively 
long time frame and the largest sedimentation events. Likewise, the smallest estimates from 
King County (2012b) are from years in which no significant flood events (i.e., events 
exceeding 10,000 cfs) occurred.
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Table 1. Description of surfaces to be constructed and modeled, with order of sequence indicated

Scenario Scenario Intent Time Frame

Year Zero * Short-term ** Fully Evolved ***

S4a S4b (3) S4c (5) 

Assumptions: Assumptions: Assumptions:
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Table 1 (continued). Description of surfaces to be constructed and modeled, with order of sequence indicated.

Scenario Scenario Intent Time Frame

Year Zero * Short-term ** Fully Evolved ***

  

S1a -  S1b (4) S1c (6) 

Assumptions: Assumptions: Assumptions:

S2b (7) 

Assumptions:
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Table 1. Description of surfaces to be constructed and modeled, with order of sequence indicated

Scenario Scenario Intent Time Frame

Year Zero * Short-term ** Fully Evolved ***

S3b (8)

Assumptions:

* Time immediately following construction for scenarios simulating effects of project construction. 
** After the first few annual flood events, assumed to occur approximately 3 years following construction. 
*** Future time at which the channel will avulse into the floodplain if the project is not implemented, assuming no erosion of the left bank levee. This time is similarly applied to the Project concept scenarios.
TBD = To be determined following completion of the preceding simulations. The characteristics (i.e., topography) of these surfaces will be dependent on the inundation and velocity distribution of preceding simulations.
N/A = Scenarios will not be developed and modeled for these timeframes because avulsions require some time in which to occur. 
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Table 2 summarizes the estimates of sediment input, output, and change in storage from 
repeated surveys of the study area between 2001 and 2009. The change in storage ( S) is 
equivalent to deposition of bed material. As mentioned above, bed material includes all 
sediment size classes (i.e., gravel/cobble, sand and silt/clay). The bed material is assumed to 
be comprised of 70% gravel/cobble and 30% sand. This was the approximate size distribution 
found in earlier subsurface sampling of the bars within with the project site (Herrera 2011). 

Table 2. Historical channel sediment deposition estimates from 
King County (2012b) in 1000s of cubic yards per year (2001-2009)

IN OUT

Note: Numbers in shaded boxes indicate values used to construct the surfaces for scenario S4. 
Silt/clay fractions are assumed negligible.

From this analysis, a value of 22,000 cubic yards of deposition per year will be used as the 
assumed rate of average annual bed material deposited in the project reach under existing 
conditions in the short-term following project construction. This value necessitates several 
assumptions. This value is based on the assumption that moderate-sized floods will likely occur 
in the near future as controlled by current U.S. Army Corps of Engineers authorized operation 
guidelines at Mud Mountain Dam (C. Brummer, personal communication, April 30, 2012).It is 
slightly less than the preliminary value calculated by Czuba et al. (2011) for the study area 
because these preliminary results were based on the wettest portion of the 2011 water year 
(C. Brummer, personal communication, April 30, 2012). It is important to mention that the 
volumes in Table 2 are for in-channel deposition only. They do not include the volume of sand 
in the left overbank splay deposit, which was approximately 4,800 cubic yards between 2007 
and 2009 and 3,500 cubic yards between 2009 and 2011.

For suspended load, Czuba et al. (2011) provides a preliminary estimate of suspended load 
discharge (680,000 tons per year) in the White River through the project area based upon 
suspended sediment measurements at the R Street Bridge in Auburn (approximately 1 mile 
upstream of the study area). This equates to approximately 450,000 cubic yards, assuming a 
unit weight of 1.5 tons per cubic yard of sediment. The same anecdotal evidence mentioned 
above (i.e., that the preliminary results were obtained for only the wettest portion of the 
year) suggests that the preliminary sediment supply figures derived by Czuba et al. (2011) may 
also be high (C. Brummer, personal communication, April 30, 2012). Also, there is some 
storage of fine sediment upstream of the A Street Bridge (Herrera 2010). Therefore, the 
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County estimated the average annual suspended load entering the project site would likely be
about 290,000 cubic yards per year based upon an analysis of storage and transport through 
the project site (Table 2) and the most recent USGS estimates (King County 2012b). This
estimate of annual suspended load agrees with the relative estimate provided by Czuba et al. 
(2011) indicating that the suspended load in the White River is approximately ten times as 
large as the coarse sediment transported as bedload. Finally, this value is significantly less 
than the value calculated by Herrera (2010) using the methodology of Syvitski et al. (2003). 
Again this difference is because the Syvitski et al. (2003) method implicitly includes large
events from unregulated basins, which do not currently occur on the White River because of
the operation of Mud Mountain Dam.

Estimating future storage of sediment in the floodplain requires making several assumptions, 
detailed in the following section. First, it is assumed that all of the sand that currently 
overtops the left bank levee is sequestered in the left bank floodplain in the short term 
following construction. This is consistent with the distinct edge of the splay deposition in the 
2009 and 2011 lidar data. It is also consistent with direct observations of the splay deposit in 
the field. Because the channels that develop shortly after the levee is removed will be 
immature (i.e. within the assumed 3-year timeframe), like the existing left overbank splay, it 
is expected that the sand transported into the floodplain will continue to be completely 
sequestered, at least for a few years following construction. 

While some amount of the finer-grained materials (i.e., silt/clay) are delivered to floodplains
in the study area under existing conditions, as can be seen in recent flood aerial photographs 
(King County 2012a), the percentage of silt/clay in bed material is extremely small (2 percent
silt/clay found in hand auger sample HA-4 in Shannon & Wilson [2009]). There is also a thin 
veneer of fine sediment in areas beyond the primary splay deposit. It is assumed that this 
veneer, because of how thin it is (generally less than a few inches), has negligible influence 
on flood storage or conveyance over relatively short time periods (years, not decades). 
Therefore, it is assumed that for the short-term simulations (suffix b of each scenario in 
Table 1) the contribution to overbank deposition from silt- and clay-sized material will be 
negligible. This assumption will be reevaluated for the fully evolved simulations (suffix c) 
after the short-term simulations are completed. 

Potential Effects of Climate Change 
Climate change is an important factor to consider in any analysis of future geomorphic change
in western Washington. It has been shown that basins like the White River are transitioning
from mixed snowmelt/rainfall basins to becoming rainfall-dominated basins (Mantua and 
Binder 2011). From this same work, it is estimated that peak flows in the Puyallup River Basin 
will increase by 10 to 20 percent, indicating that sediment load may increase in the future
because sediment transport is a highly non-linear physical process where the largest events 
disproportionally transport more sediment. Also, since the White River is supply limited with 
respect to sediment (i.e., there is more sediment available than can be transported by the 
existing flows), an increase in peak flows means there could be an increase in the average 
annual quantity of sediment transport to the project site. 
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However, it is expected that the White River will not be as susceptible to these changes as 
the Puyallup River because the Puyallup River flow is largely unregulated, while the White 
River is greatly influenced by the flood control operations at Mud Mountain Dam. The 
regulation of flow releases from the dam decreases the amount of sediment transported 
during peak flow events by reducing peak shear stress and flow rate, even though the dam 
does not specifically prevent any bedload from being transported through the dam outlets 
during these events. 

Two other factors are important to consider in assessing whether future climate change could 
increase sediment supply to the project site beyond the estimate of 290,000 cubic yards per 
year (on average) described above. First, the period of time selected for the estimation of 
sediment input to the project site could have still been under the influence of the gravel 
removal that occurred in the late twentieth century, causing estimates to be higher than they 
will be in the future without accounting for climate change. It is clear in the draft channel 
monitoring data assembled by the County that the highest sediment accumulation rates 
occurred immediately following cessation of channel dredging (King County 2012b). Second, 
the time period used to construct the sediment supply estimates coincides with a period of 
time in which the U.S. Army Corps of Engineers used a maximum flow release target of 12,000 
cfs for Mud Mountain Dam discharge, which is lower than the formal maximum operational 
release of 17,600 cfs.  Operations at the dam are expected to continue with the lower flow 
releases, when feasible per the Corps’ operational requirements, thereby potentially 
supplying less sediment than was supplied during the period of project site sediment supply 
estimation described above (C. Brummer, personal communication). Therefore, for the short-
term simulations (i.e., 3 years in the future), no adjustment to sediment volumes listed in 
Table 2 will be made. However, for the fully evolved simulations, the average annual 
sediment influx will be increased by 10 percent after the first 3 years to account for potential 
increases in sediment flux due to climate change. 
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IINTRODUCTION 
This memorandum was prepared for Task 200.9 of King County’s proposed White River at 
Countyline Levee Setback Project (the Project). King County intends to remove and set back 
a levee in the project area to improve flood water conveyance, thereby reducing flooding 
impacts on area residents, as well as to improve habitat for resident fish and wildlife. 

King County retained Herrera to perform two-dimensional hydraulic modeling for the proposed 
project and to document the modeling results. The methods and preliminary results presented 
in this memorandum were performed by the project team as a part of Task 200.8 (Contract 
E00187E10). Some results related to the model topographic surface production, completed 
under Task 300.4, are also presented. This memorandum documents the modeling approach 
and initial simulation results specific to off-site impacts and the flood reduction benefits 
of the proposed project. A Geomorphic Assessment memorandum, to be prepared under 
Task 300.3, will summarize the geomorphic ramifications of the final model results. The model 
results presented herein are those that specifically relate to off-site impacts and that were 
used to formulate the remainder of the hydraulic modeling approach for the project. 

Project Site and Study Area 
The proposed project site is located on the left (east) bank of the White River between river 
mile (RM) 4.9 and RM 6.1, downstream of the A Street Bridge. The project site lies within 
the City of Pacific and incorporated King County, and also extends into the City of Sumner in 
Pierce County, with a small portion of the project lying in an unincorporated area of Pierce 
County (Figure 1). 

The study area, which in the case of a modeling project is the model domain, extends 
between approximately RM 4.4 and RM 6.7. A study area larger than the project site is 
required to properly “spin-up” the numerical hydraulic model and to identify risks to adjacent 
infrastructure, such as the A Street Bridge, a Burlington Northern and Santa Fe Railway (BNSF) 
bridge, Stewart Road SE (also referred to as 8th Street E) and its bridge crossing over the 
river, and private development on both sides of the river. 

Objectives 
The hydraulic analysis for the proposed project focuses on the determination of likely 
geomorphic changes that can be expected as a result of constructing the project and 
associated effects on flooding characteristics in the study area. It also supports evaluating 
the consequences of no action (i.e., no project implementation) on the future flooding 
characteristics in the study area. 

It is well established that the study area is a locus for sediment deposition (Herrera 2010, 
2011a, 2011b; Czuba et al. 2010; Collins and Montgomery 2011). Therefore, the objectives of 
the hydraulic modeling were to: 
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1. Estimate the extent of flood inundation under existing and proposed conditions under 
a suite of scenarios that simulate both short- and long-term expected changes 

2. Determine the maximum range of probable flow velocities and depths near the 
proposed levee setback infrastructure (i.e., the proposed biorevetment and 
engineered log jams [ELJs] in the setback floodplain) 

3. Identify possible consequences and mitigation actions necessary to successfully 
complete the proposed levee setback project 

A companion memorandum (prepared for Task 200.4.1) will summarize all of the model 
simulations used to support the project design work. These will include simulations to test 
the hydraulic stresses on selected design components (i.e., the ELJs and biorevetment), to 
estimate conditions at the end of the project’s service life, and one additional simulation 
that will be defined once all of the other simulations have been evaluated. This memorandum 
relies heavily on earlier documentation that describes previous modeling work in the area 
(Herrera 2011a, 2011b, 2012a, 2012b), particularly as they relate to the way the model was 
set up and implemented. 
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MMETHODOLOGY 
The background methodology of the modeling work for the project is described in large part 
in a series of previous documents, including Herrera (2011a, 2011b, 2012a, 2012b). Updates 
to the approach outlined in those documents and cursory background information are 
summarized here. 

Numerical models require a set of boundary conditions for each simulation that consist of 
discharge at the upstream end of the computational mesh, a water surface elevation or an 
elevation-discharge rating curve at the downstream end of the computational mesh, and a 
topographic surface over which the flows are run. The boundary conditions and other input 
data developed for the project models are described in this section. Figure 1 shows the 
RiverFLO-2D model domain, along with many other key locations discussed in the following 
sections. 

Modeling Overview 
The software used to perform hydraulic modeling for this project is RiverFLO-2D Version 99g. 
RiverFLO-2D is a hydrodynamic and mobile-bed model specifically developed for rivers. It is 
a two-dimensional, finite-element model for routing flood flows that enables high-resolution 
flood hydraulic analysis. A flexible triangular mesh refines the flow field around key features 
of interest in complex river environments. RiverFLO-2D has been applied on a number of 
river projects worldwide, including several in King County. RiverFLO-2D uses the shallow-
water equations for depth-averaged free surface flow that allow simulation of water surface 
elevations, and two components of the velocity (Garcia et al. 2006), resulting in resolution of 
detailed two-dimensional channel hydraulics and overbank flooding characteristics. 

The RiverFLO-2D user interface is based upon the Argus Open Numerical Environment (Argus 
ONE) platform. This GIS-integrated software system provides interactive functions to generate 
and refine the finite element mesh representing the topographic and bathymetric surface 
over which flood flow is routed. It also facilitates assigning boundary conditions and roughness 
values. Finally, it serves as the means to export model results to GIS-based platforms. 

Modeling Approach 
To achieve the project objectives described above, Herrera and King County defined a series 
of scenarios and timeframes that would simulate the range of conditions both due to the 
project and in the absence of the project. Because of the inherent stochastic nature of river 
channel development and avulsion, it is impossible to predict accurately and consistently 
the path of the river beyond a single flood event. Each scenario refers to an assumed set of 
circumstances that are tracked through time. Because of this, the earlier model results guide 
the determination of the next surface in time, but necessarily confine the results to the 
preceding scenario assumptions. 
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Topographic Surfaces 
The hydraulic simulations differed by the topographic surface used. The basic approach to 
defining the surfaces for the first subset of scenarios (i.e., those intended to simulate existing 
conditions and conditions immediately following construction of the project – simulations with 
suffix of “a” in Table 1) is straightforward. In these simulations, a single surface, observed in 
April 2011, was used for the S4a (existing conditions) simulations. The proposed conditions 
are based upon an alteration of that surface to reflect the proposed changes represented by 
the 40% complete project design plans and design refinements that included extending the 
setback levee north to the BNSF railroad and increasing the levee crest elevation. It is 
important to note that alterations to the landscape within the model domain, extending 
approximately from RM 4.4 to 6.7, may have occurred following April 2011, but these were 
not incorporated into the modeling described herein. Bridges and piers were not included in 
the topographic surface; only the openings under the bridges were included in the modeling. 
In the remainder of this report the word “bridge” is used to refer to the opening only. 

Table 1. Summary of the Preliminary Hydraulic Modeling to be Performed. 

Year Zero a Short-term b Fully Evolved c Service Life d

Existing Without Project (S4) S4a S4b S4c N/A

Existing With Project (S1) S1a S1b S1c S1d

Full Avulsion (S2) N/A S2b N/A N/A

Avulsion at County Line (S3) N/A S3b N/A N/A
a Time immediately following construction for scenarios simulating effects of project construction 
b Approximately 3 years following construction 
c 13.8 years following the construction of the project when the main channel under existing conditions is 

expected to completely fill to the height of the existing levee 
d Assumes an approximately 30 year service life 
N/A = Runs will not be performed because they are not applicable or not appropriate 
 
The next set of simulations (i.e., the simulations with a suffix of “b” in Table 1) are intended 
to represent conditions 3 years following construction or 3 years of sediment aggradation 
upon the 2011 surface assumed to occur without the project. These are summarized in 
detail in Herrera (2012a). All of these topographic surfaces use the same initial surface 
from the suffix “a” simulations as a base, and were developed using the proposed approach 
summarized in Herrera (2012a) for this time period shortly following construction. 

As mentioned in Herrera (2012a), the scenario S4b simulations assumed that historical 
sediment accumulation rates would continue to occur in the river channel to a similar extent 
in the future. In practice this meant the addition of a fixed amount of channel bed elevation 
increase to simulate future sediment deposition. As mentioned and described in Herrera 
(2012b), the deposition rate was assumed to be approximately 22,000 cubic yards per year. 
The addition was ramped down at its edges to ensure a realistic transition to the channel 
banks, while preserving the total sediment volume added. The same amount was added both 
upstream of the A Street Bridge and downstream of the Stewart Road SE Bridge to ensure 
that there were no unrealistic knickpoints formed in the stream profile. In addition to the 
in-channel sediment accumulation, accumulation was also assumed to occur in the large 
wetland area east of the existing left bank levee in a similar manner as has been observed in 
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recent lidar flights (Herrera 2012a). That is, deposition is presumed to occur in classic deltaic 
style where accumulation rates are greatest at the delta front and diminish to zero on the 
delta top and at the toe of the delta front. Again, the total volume of accumulation was kept 
identical to observed accumulation in the past. 

For the scenario S1b simulations, the pattern of geomorphic change was predicted as part 
of a geomorphic assessment (documentation in preparation at the time this memorandum 
was written). From the geomorphic analysis, it was determined that a partial avulsion of the 
main channel into the wetland is the most likely scenario following removal of the existing 
levee. If such an event occurs, the channel complex will form a splay deposit first and then 
re-incise into that splay to create a new channel network. As described in Herrera (2012a) 
and observed at a levee setback site along Hansen Creek in Skagit County, Washington 
(Mostrenko et al. 2011), it is assumed that the splay will capture all of the bedload (both 
coarse material and a small fraction of the sand load) entering the floodplain immediately 
following levee removal. It is further assumed that the splay will also include the volume of 
sediment eroded from up to 2 feet of scour anticipated between the downstream end of the 
remaining left bank levee and the A Street Bridge. 

The scenario S1a model results indicate that approximately half of the flow will leave the 
channel in all of the flood events (i.e., 2-year, 100-year, and 500-year). Sediment transport 
is assumed to be partitioned the same as flow. Therefore, the model surface for scenario S1b 
assumes 10 percent of the sand that enters the left bank wetland will deposit there because 
much of it will simply pass through the area. It is assumed that sand and coarse bedload will 
also be trapped at observed historical rates for the proportion of the flow that remains in the 
existing channel. 

Proposed Fully Evolved Simulations 
Unlike the suffix “b” scenarios, the methodology to simulate conditions beyond 3 years 
following construction is not described in Herrera (2012a). The scenario S4c surface was 
generated assuming a continuation of existing sediment trends documented at the project 
site (Herrera 2012a). This is defensible because the time period calculated is so short. 
Typically substantive geomorphic change occurs over much longer time periods (i.e., 
decades). The time selected (13.8 years) is the length of time for the thalweg elevation to 
reach the levee height at the current overtopping point at the county line. Once the thalweg 
elevation is the height of the levee, a full avulsion will have taken place and substantive 
geomorphic change will occur (Figure 2). 

In order to simulate the fully evolved, most likely proposed conditions (scenario S1c), several 
more assumptions about the dynamics of the system must be made. These were made 
following review of the results from the scenario S1b simulations. These results helped lead to 
the following assumptions (Figure 3): 

70 percent of the coarse sediment reaching the project site will be retained there, 
both in the new left bank floodplain channel network and in the existing main 
channel. 
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A new splay deposit will form downstream of the location where flow in the existing 
channel splits into the left bank floodplain wetland (at approximately RM 5.7) based 
upon the results of the scenario S1b simulations. 

Sediment transport is assumed to partition the same as flow. 

40 percent of the river flow will enter the new setback floodplain channel network, 
50 percent will remain in the existing channel, and 10 percent will flow through 
the floodplain between the two (existing and new) main channels (taken from the 
scenario S1b, 2-year event). 

All of the bedload material that enters the setback floodplain will be deposited in the 
first 3 years following construction. 

The proposed conditions, fully evolved simulations (S1c) also used a specially designed 
method to predict the amount of sand that will deposit in the floodplain. The process to 
estimate the sand accumulation volume in the wetland is described in detail in a separate 
memorandum (in preparation at the time this memorandum was prepared). In short, the 
process estimates the sand delivered to the floodplain based upon the scenario S1b results 
and historical sand deposition rates in the right bank constructed wetland complex 
immediately downstream of the King/Pierce county line. Because this approach is 
fundamentally event-based, the sand flux estimates are also event based. The flood events 
that were assumed to occur in the 13.8 years following construction are: 

A 48-hour-long, 10-year recurrence event 

A 48-hour-long, 12,000 cfs event, somewhat similar to the January 2009 flood event 
(which peaked at approximately 12,400 cfs at the project site) 

A 48-hour-long, 2-year recurrence event 

Five days each year with discharge of 8,000 cfs 

Four days each year with discharge of 6,000 cfs 

Future Simulations 
Because it is assumed that the fully evolved channel and floodplain scenario will be complete 
in 13.8 years, King County is interested in estimating the levee height needed to contain 
floodwaters for its entire service life. The County determined that a practical service life, 
given the design constraints, is approximately 30 years, at which time available levee 
freeboard above the 100-year flood water surface elevation may begin to decrease. The 
methodology for assessing the necessary levee height was identical to the fully evolved 
simulations, meaning that the trends estimated between 3 and 13.8 years were assumed to 
continue to occur until the service life is complete. The results of this simulation will be 
summarized in the final hydraulic modeling memorandum to be prepared for the project. 

In addition to the service life simulation, two design scenarios will also be performed that 
maximize the velocities at the proposed engineered logjams in the left bank floodplain. 
Because these scenarios are for design purposes, they will not necessarily follow the same  
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Figure 2. 
Channel network assumed to form in 
the three years following construction 
of the project 

0 800 1,600400
Feet

Aerial: USDA (2009)

Legend

Project area

Hydraulic modeling
domain boundary
and study area

County boundary

Railroad

$ River mile

Elevation (ft)
High : 104.836

Low : 54.3561

Produced by: GIS (rdr)
File path: K:\Projects\10-04770-000\Project\Hydraulic_modeling_approach_memo\channel_network.mxd



 



$

$

$

$

$

$
$

$ $
$

$ $ $

$

$

$

$

$

$

$

$

$

$

$

$

$

$

$

$

K I N G  K I N G  
C O U N T YC O U N T Y

P I E R C EP I E R C E
C O U N T YC O U N T Y

White River

City of
Pacific Park

Right Bank Project Site

Countyline Project Site

16
th

 S
t E

Valentine Ave SE

East Valley Hwy E

LAKE TAPPS PKWY E

Butte Ave SE

MONTEVISTA DR SE

140th Ave Ct E

S
te

w
ar

t R
d 

S
E 142nd Ave E

2n
d 

S
t E

Francis Ct SE

15
1s

t A
ve

 E

12
th

 S
t E

8t
h 

St
 E

Government
 C

ha
nn

elUP RR

BNSF RR

6

5

4

6.7

6.6

6.5

6.4

6.3

6.2

6.1

5.9

5.8

5.7

5.6

5.4

5.3

5.25.1

4.94.84.7
4.6

4.5

4.4

4.3

4.2

4.1

A St SE

3r
d 

A
ve

 S
E

Butte Ave

1s
t A

ve
 S

E

Oravetz Rd

Milwaukee Blvd S

River Dr

Skinner Rd

La
ke

la
nd

 H
ill

s 
W

ay

St Paul Blvd

Valentine Ave

Pacific Ave S

B St SE

Alder LnAlder Ln S

O
ra

ve
tz

 P
l S

E

Hawthorne Ave

4t
h 

A
ve

 S
E

5t
h 

A
ve

 S
E

H
om

er
 A

ve

W
ay

ne
 A

ve

2n
d 

Av
e 

S
E

Aspen Ct

2n
d 

Av
e 

N
E

Pacific Ave N

3r
d 

A
ve

 N
E

B
ut

te
 P

l

Eastgate Ave

2nd Pl S

O
akhurst D

r

47th St SE

Aspen Ln N

Birch Ln

E
as

em
en

t

44
th

 S
t S

E

53rd St SE

Cedar Ln

Sunset Dr

Pacific Ave

Hawthorne Ave S

P
ac

ifi
c 

P
l

Va
le

nt
in

e 
C

t

4t
h 

A
ve

 S
E

2n
d 

Av
e 

SE

Hawthorne Ave S

5.5

12
88

80
0

12
88

80
0

12
89

60
0

12
89

60
0

12
90

40
0

12
90

40
0

12
91

20
0

12
91

20
0

12
92

00
0

12
92

00
0

12
92

80
0

12
92

80
0

12
93

60
0

12
93

60
0

12
94

40
0

12
94

40
0

12
95

20
0

12
95

20
0

12
96

00
0

12
96

00
0

92000

92000

92800

92800

93600

93600

94400

94400

95200

95200

96000

96000

96800

96800

97600

97600

98400

98400

99200

99200

100000

100000

100800

100800

101600

101600

Figure 3. 
Channel network and deposition 
assumed to occur in 13.8 years 
following construction of the project
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strict procedures to calculate the time required for the associated surface to form following 
construction. Rather, it is assumed that the altered channel and floodplain surface will be 
formed due to large woody accumulations that are much more stochastic in nature. 

Boundary Roughness 
Roughness that slows flood flows is a key component to any hydraulic model, although 
changes in roughness manifest as changes in water surface elevations to a lesser extent in 
two-dimensional models than they do in simpler one-dimensional models such as HEC-RAS. For 
all of the scenario S4 simulations, the roughness was delineated in the same manner as in 
earlier hydraulic model calibration work (Herrera 2011a). For the scenario S1 simulations, all 
of those areas that were delineated as channel features were assigned a Manning’s “n” value 
of 0.025. The Manning’s “n” values in areas of assumed splay deposits and in other overbank 
floodplain areas were not changed compared to existing conditions in the scenario S4 
simulations. 

Upstream Boundary Condition 
The upstream boundary condition is set by hydrographs developed in earlier phases of the 
project. For the purposes of permit application submittals and determination of basic project 
design geometry, a subset of simulations was performed. It was determined that simulation 
of the mean annual flow (1,740 cubic feet per second), 2-year, 100-year, and 500-year 
recurrence flood events would sufficiently reveal all of the off-site impacts that may occur 
due to the project construction for environmental documentation and permitting purposes, 
while also identifying basic design constraints (e.g., the height of the setback levee). All of 
the simulations are unsteady. The hydrograph used for mean annual flow is held constant 
through time. The hydrographs for the other flood events (i.e., 2-year, 100-year, and 
500-year recurrence events) are based upon historical events described in detail in Herrera 
(2011a). Hydraulic modeling of the 10- and 50-year recurrence events will eventually be 
performed for the project. These results will be summarized in a future memorandum. 

Downstream Boundary Conditions 
There are two separate downstream boundary conditions for the model. The first and primary 
(for most of the simulations) downstream boundary condition is in the main channel at 
RM 4.4. This boundary condition is a rating curve derived from HEC-RAS model simulations at 
this location, which were performed for updated floodplain mapping purposes. The rating 
curve is described in depth in Herrera (2011a). In sum, it is capable of accurately depicting 
high water marks across the project site under existing conditions. Very close to this boundary 
condition care should be taken to not over-interpret the model results since the existing 
conditions HEC-RAS model is not capable of simulating dynamic hydraulic conditions where 
flow has a component that is parallel to the downstream boundary, as occurs there during 
times of high flow. 

Flow over Stewart Road SE leaves the model domain outside of the channel. As a result, it 
was necessary to establish a new downstream boundary condition to regulate flow in this 
area. Because very little is known about how flow will leave and reenter the main channel in 
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this area, the boundary condition in this area was kept simple. It assumes a fixed water 

surface elevation along the boundary that increases for the size of the event (e.g., 63 feet in 

the 2-year event, 65 feet in the 100-year event, and 66 feet in the 500-year event). This 

boundary condition, and the need for it, is described in detail in Herrera (2011a). 

Many of the simulations are intended to predict conditions where sediment deposition will not 

be uniform across the downstream boundary. Presumably this altered topographic surface will 

alter the fraction of flow remaining in the channel. As a result, a sensitivity analysis was 

performed on both the water surface elevation adjacent to the left bank levee and other key 

design variables. The results of this sensitivity analysis are summarized in the Quality Control 

subsection of this memorandum. 

Lateral Boundary Conditions 

Though the model domains in all of the scenarios are identical, the right bank protection was 

modeled differently in different scenarios. The without project scenario (S4) only had the 

existing HESCO revetment included, while the with-project scenarios (S1, S2, S3) had an 

extremely high levee that precluded all flow over it. 
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IINITIAL MODELING RESULTS 
This section presents the results of the hydraulic modeling completed through July 2012, using 
the methods described above. The discussion of hydraulic modeling results includes the results 
from 6 of the 10 scenarios described in Herrera (2012a) and summarized in Table 1. The six 
scenarios represent existing conditions and most likely (based on expert interpretation) 
proposed conditions immediately following construction, 3 years following construction, and 
fully evolved conditions, which are forecasted to be in effect about 13.8 years following 
project construction. They also represent the most probable conditions without the project for 
the same timeframes (S4b and S4c). 

Previous model simulations on earlier topographic surfaces and for earlier engineering design 
plan configurations are summarized in Herrera (2011b, 2012b). Those results found that 
increasing topographic surface mesh density lowered the modeled water surface elevations 
and more closely simulated observed conditions. That documentation also recommended 
several model mesh refinements: 

Greater mesh resolution and two closely spaced breaklines on the left bank levee to 
prevent short circuiting of water to the wetland 

Greater mesh resolution and the placement of a series of single breaklines in the 
vicinity of the Butte Avenue SE crossing of Government Channel 

Greater mesh resolution along the eastern edge of the left bank wetland 

A breakline and greater mesh resolution along Stewart Road SE on both sides of the 
bridge over the White River 

Two closely spaced breaklines on the BNSF railway alignment 

A breakline on the top of the Auburn Riverside High School revetment on the left bank 
upstream of the A Street Bridge 

All of these recommendations were implemented and broadly improved the performance of 
the model and the accuracy of the original model calibration. 

Year-0 (“a”) Simulations 
The existing conditions simulations without the project are summarized in Figure 4. These 
simulations can be compared to the simulated conditions immediately following construction 
based upon the topographic information extracted from the 40% complete design plans 
and the design refinements described earlier in this memo (Figure 5). Figure 6 provides a 
detailed map of the differences between existing (scenario S4a) and proposed conditions 
(scenario S1a) for the 100-year flood event. Large areas behind the proposed levees that 
are outside of the proposed-conditions model domain show a reduction in depth differences 
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(negative values in Figure 6) but are actually simulated as dry under proposed conditions 
following construction because they are isolated by the proposed facilities. These areas 
depicted in Figure 6 (and in forthcoming figures showing inundation differences) include 
residential, commercial and light industrial areas in the City of Pacific outside of Pacific City 
Park and agricultural and light industrial areas south of the wetland restoration property in 
Pierce County. 

As can be seen in Figures 4, 5, and 6, the model indicates that the primary impact of the 
project will be lowered flood water surface elevations along the right bank in the City of 
Pacific. Localized flood height reductions are predicted to be up to 5 feet for the 100-year 
event in the vicinity of Pacific City Park immediately following construction of the project. 
Similarly, the model predicts lowered water surface elevations in these same locations in the 
2-year flood event, but to a lesser magnitude. 

Downstream of the westward turn in the proposed new levee just south of the county 
boundary line (i.e., 1,200 feet upstream from the Stewart Road SE Bridge), the model 
predicts an increase in flood water surface elevations primarily because the setback levee 
will prevent flow from overtopping the left bank wetland area and Stewart Road SE. The 
additional flow contained by the setback levee relative to existing conditions (which allows 
overland flow to leave the wetland area) will also increase flow velocities in this area. These 
increased water surface elevations are localized in the vicinity of the Stewart Road SE Bridge, 
and the increases vary, though on average they are predicted to be about 1 foot upstream of 
the Stewart Road SE Bridge and less than 0.5 feet downstream of the bridge in the timeframe 
immediately following construction compared to existing conditions. Local perturbations in 
the proposed model output (and the mottled appearance seen in Figure 6) are a modeling 
artifact associated with numerical stability, which can lead to larger (greater than 1 foot) 
single-point differences. Increases in flow velocity in this area will also likely mean that there 
will be increased scour at the bridge during large floods. It is important to note that this 
scour effect was not included in the channel/floodplain topographic surfaces used for later 
simulations (i.e., suffix “b” and “c” simulations). 

As noted previously the proposed conditions simulation (scenario S1a) did not alter the 
Manning’s “n” values used to represent hydraulic roughness in the left bank floodplain 
wetland. Therefore, the left bank wetland serves as passive storage and the model results 
indicate very small flow velocities throughout the wetland area. A full discussion of the 
sensitivity of the model to boundary conditions and other input parameters in provided in the 
Quality Control section below. 

Year-3 (“b”) Simulations 
The existing conditions simulations without the project and assuming historical sediment 
accumulation patterns over the course of 3 years (scenario S4b) are summarized in Figure 7. 
These simulations can be compared to the most likely proposed conditions (scenario S1b), 
assuming a partial avulsion of the main channel network to the lowest area of the left bank 
floodplain wetland (Figure 8). Figure 9 provides a detailed map of the simulated differences 
between existing conditions (without project) and the most likely proposed conditions for the 
100-year flood event. 



$

$

$

$

$

$

$

$

$

$

$

BNSF RR

6

6.5

6.4

6.3

6.2

6.1

5.9

5.8

5.7

5.6

5.5

12
91

20
0

12
91

20
0

12
91

60
0

12
91

60
0

12
92

00
0

12
92

00
0

12
92

40
0

12
92

40
0

12
92

80
0

12
92

80
0

12
93

20
0

12
93

20
0

12
93

60
0

12
93

60
0

12
94

00
0

12
94

00
0

12
94

40
0

12
94

40
0

12
94

80
0

12
94

80
0

96800 97200

97200

97600

97600

98000

98000

98400

98400

98800

98800

99200

99200

99600

99600

100000

100000

100400

100400

100800

100800

101200

101200

101600

101600

0 400 800200

Feet

Produced By: GIS
Project: K:\Projects\10-04770-000\Project\Hydraulic_modeling_approach_memo\existing_s4a.mxd (10/4/2012)

Aerial: USDA (2009)
Coordinates: NAD 1983 Washington 

State Plane North (ft)

Legend

$ River mile

Project area

County boundary

Mean annual flow (1740 cfs) extent 
and depth of inundation (ft)

0

0 to 1

1 to 2

2 to 3

3 to 4

4 to 6

6 to 8

8 to 9

9 to 10

> 10

2-year extent

100-year extent

500-year extent

Note:
Flow events are layered with the 500-year 
extent at the base and the mean annual 
extent at the surface (see legend order).

Figure 4. Sheet A.
Existing conditions depth of 
inundation and flooding extent 
without the project (S4a).



 



$ $
$

$ $ $

$

$

$

$

$

UP RR

5

5.7

5.6

5.5

5.4

5.3

5.25.1

4.9
4.84.7

12
89

20
0

12
89

20
0

12
89

60
0

12
89

60
0

12
90

00
0

12
90

00
0

12
90

40
0

12
90

40
0

12
90

80
0

12
90

80
0

12
91

20
0

12
91

20
0

12
91

60
0

12
91

60
0

12
92

00
0

12
92

00
0

12
92

40
0

12
92

40
0

12
92

80
0

12
92

80
0

93600

93600

94000

94000

94400

94400

94800

94800

95200

95200

95600

95600

96000

96000

96400

96400

96800

96800

97200

97200

97600

97600

98000

98000

Figure 4. Sheet B.
Existing conditions depth of
inundation and flooding extent 
without the project (S4a).

0 400 800200

Feet

Produced By: GIS
Project: K:\Projects\10-04770-000\Project\Hydraulic_modeling_approach_memo\existing_s4a.mxd (10/4/2012)

Aerial: USDA (2009)
Coordinates: NAD 1983 Washington 

State Plane North (ft)

Legend

$ River mile

Project area

County boundary

Mean annual flow (1740 cfs) extent 
and depth of inundation (ft)

0

0 to 1

1 to 2

2 to 3

3 to 4

4 to 6

6 to 8

8 to 9

9 to 10

> 10

2-year extent

100-year extent

500-year extent

Note:
Flow events are layered with the 500-year 
extent at the base and the mean annual 
extent at the surface (see legend order).



 



$

$

$

$

$

$

$

$

$

$

$

BNSF RR

6

6.5

6.4

6.3

6.2

6.1

5.9

5.8

5.7

5.6

5.5

12
91

20
0

12
91

20
0

12
91

60
0

12
91

60
0

12
92

00
0

12
92

00
0

12
92

40
0

12
92

40
0

12
92

80
0

12
92

80
0

12
93

20
0

12
93

20
0

12
93

60
0

12
93

60
0

12
94

00
0

12
94

00
0

12
94

40
0

12
94

40
0

12
94

80
0

12
94

80
0

96800 97200

97200

97600

97600

98000

98000

98400

98400

98800

98800

99200

99200

99600

99600

100000

100000

100400

100400

100800

100800

101200

101200

101600

101600

Figure 5. Sheet A.
Proposed conditions depth of 
inundation immediately following 
construction (S1a).

0 400 800200

Feet

Produced By: GIS
Project: K:\Projects\10-04770-000\Project\Hydraulic_modeling_approach_memo\proposed_s1y0.mxd (10/4/2012)

Aerial: USDA (2009)
Coordinates: NAD 1983 Washington 

State Plane North (ft)

Legend

$ River mile

Project area

County boundary

Mean annual flow (1740 cfs) extent 
and depth of inundation (ft)

0

0 to 1

1 to 2

2 to 3

3 to 4

4 to 6

6 to 8

8 to 9

9 to 10

> 10

2-year extent

10-year extent

100-year extent

500-year extent
Note:
Flow events are layered with the 500-year 
extent at the base and the mean annual 
extent at the surface (see legend order).



 



$ $
$

$ $ $

$

$

$

$

$

UP RR

5

5.7

5.6

5.5

5.4

5.3

5.25.1

4.9
4.84.7

12
89

20
0

12
89

20
0

12
89

60
0

12
89

60
0

12
90

00
0

12
90

00
0

12
90

40
0

12
90

40
0

12
90

80
0

12
90

80
0

12
91

20
0

12
91

20
0

12
91

60
0

12
91

60
0

12
92

00
0

12
92

00
0

12
92

40
0

12
92

40
0

12
92

80
0

12
92

80
0

93600

93600

94000

94000

94400

94400

94800

94800

95200

95200

95600

95600

96000

96000

96400

96400

96800

96800

97200

97200

97600

97600

98000

98000

0 400 800200

Feet

Produced By: GIS
Project: K:\Projects\10-04770-000\Project\Hydraulic_modeling_approach_memo\proposed_s1y0.mxd (10/4/2012)

Aerial: USDA (2009)
Coordinates: NAD 1983 Washington 

State Plane North (ft)

Legend

$ River mile

Project area

County boundary

Mean annual flow (1740 cfs) extent 
and depth of inundation (ft)

0

0 to 1

1 to 2

2 to 3

3 to 4

4 to 6

6 to 8

8 to 9

9 to 10

> 10

2-year extent

10-year extent

100-year extent

500-year extent
Note:
Flow events are layered with the 500-year 
extent at the base and the mean annual 
extent at the surface (see legend order).

Figure 5. Sheet B.
Proposed conditions depth of 
inundation immediately following 
construction (S1a).



 



$

$

$

$

$

$

$

$

$

$

$

BNSF RR

A St SE

3r
d 

Av
e 

SE

1s
t A

ve
 S

E

Skinner Rd

River Dr

Pacific Ave S

B St SE

2n
d 

Av
e 

SE

Alder Ln S Alder Ln

O
ra

ve
tz

 P
l S

E

Oravetz Rd

Aspen Ct

2n
d 

Av
e 

N
E

La
ke

la
nd

 H
ill

s 
W

ay

3r
d 

Av
e 

N
E

Pacific Ave N

3rd Pl SE

Eastgate Ave

O
ak

hu
rs

t D
r

Aspen Ln N

SE
 4

5t
h 

S
t

Birch Ln

Cedar Ln

44
th

 S
t S

E

1st Pl

4t
h 

Av
e 

SE

2n
d 

Av
e 

N
E

Cedar Ln

Pacific Ave S

44
th

 S
t S

E

6

6.5

6.4

6.3

6.2

6.1

5.9

5.8

5.7

5.6

5.5

12
91

20
0

12
91

20
0

12
91

60
0

12
91

60
0

12
92

00
0

12
92

00
0

12
92

40
0

12
92

40
0

12
92

80
0

12
92

80
0

12
93

20
0

12
93

20
0

12
93

60
0

12
93

60
0

12
94

00
0

12
94

00
0

12
94

40
0

12
94

40
0

12
94

80
0

12
94

80
0

96800 97200

97200

97600

97600

98000

98000

98400

98400

98800

98800

99200

99200

99600

99600

100000

100000

100400

100400

100800

100800

101200

101200

101600

101600

0 400 800200
Feet

Aerial: USDA (2009)

Produced by: GIS (rdr)
File path: K:\Projects\10-04770-000\Project\Hydraulic_modeling_approach_memo\Difference_s4bands1y0.mxd

Legend

Figure 6. Sheet A.
Inundation difference for the 100-year 
flood event between existing and 
proposed conditions immediately 
following construction (S4a-S1a).

$ River mile

Project area

County boundary

Depth difference (ft)

< -5

-5 to -2.5

-2.5 to -1.5

-1.5 to -0.5

-0.5 to 0.5

0.5 to 1.5

1.5 to 2.5

2.5 to 5

> 5



 



$ $
$

$ $ $

$

$

$

$

$

Butte Ave SE

8t
h 

St
 E

140th Ave Ct E

142nd Ave E

Lake Tapps Pkw
y E

8t
h 

St
 E

St
ew

ar
t R

d 
SE

UP RR

G
ov

ernment Channel

Butte Ave

D
iv

is
io

n 
Av

e 
E

White River D
r

5

5.7

5.6

5.5

5.4

5.3

5.25.1

4.9
4.84.7

12
89

20
0

12
89

20
0

12
89

60
0

12
89

60
0

12
90

00
0

12
90

00
0

12
90

40
0

12
90

40
0

12
90

80
0

12
90

80
0

12
91

20
0

12
91

20
0

12
91

60
0

12
91

60
0

12
92

00
0

12
92

00
0

12
92

40
0

12
92

40
0

12
92

80
0

12
92

80
0

93600

93600

94000

94000

94400

94400

94800

94800

95200

95200

95600

95600

96000

96000

96400

96400

96800

96800

97200

97200

97600

97600

98000

98000

0 400 800200
Feet

Aerial: USDA (2009)

Produced by: GIS (rdr)
File path: K:\Projects\10-04770-000\Project\Hydraulic_modeling_approach_memo\Difference_s4bands1y0.mxd

Figure 6. Sheet B.
Inundation difference for the 100-year 
flood event between existing and 
proposed conditions immediately 
following construction (S4a-S1a).

Legend

$ River mile

Project area

County boundary

Depth difference (ft)

< -5

-5 to -2.5

-2.5 to -1.5

-1.5 to -0.5

-0.5 to 0.5

0.5 to 1.5

1.5 to 2.5

2.5 to 5

> 5



 



$

$

$

$

$

$

$

$

$

$

$

BNSF RR

6

6.5

6.4

6.3

6.2

6.1

5.9

5.8

5.7

5.6

5.5

12
91

20
0

12
91

20
0

12
91

60
0

12
91

60
0

12
92

00
0

12
92

00
0

12
92

40
0

12
92

40
0

12
92

80
0

12
92

80
0

12
93

20
0

12
93

20
0

12
93

60
0

12
93

60
0

12
94

00
0

12
94

00
0

12
94

40
0

12
94

40
0

12
94

80
0

12
94

80
0

96800 97200

97200

97600

97600

98000

98000

98400

98400

98800

98800

99200

99200

99600

99600

100000

100000

100400

100400

100800

100800

101200

101200

101600

101600

0 400 800200

Feet

Produced By: GIS
Project: K:\Projects\10-04770-000\Project\Hydraulic_modeling_approach_memo\Existing_con_d.mxd (10/4/2012)

Aerial: USDA (2009)
Coordinates: NAD 1983 Washington 

State Plane North (ft)

Legend

$ River mile

Project area

County boundary

Mean annual flow (1740 cfs) extent 
and depth of inundation (ft)

0

0 to 1

1 to 2

2 to 3

3 to 4

4 to 6

6 to 8

8 to 9

9 to 10

> 10

2-year extent

100-year extent

500-year extent

Note:
Flow events are layered with the 500-year 
extent at the base and the mean annual 
extent at the surface (see legend order).

Figure 7. Sheet A.
Existing conditions depth of 
inundation, three years in the 
future without the project (S4b).
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Figure 9. Sheet A.
Inundation difference for the 100-
year flood event between existing 
and proposed conditions 3 years 
following construction (S4b-S1b).
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Figure 9. Sheet B.
Inundation difference for the 100-
year flood event between existing 
and proposed conditions 3 years 
following construction (S4b-S1b).
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Like the Year 0 (“a”) simulations, the model predicts decreased water surface elevations 
for the 100-year flood event on the right bank in the City of Pacific, increased water surface 
elevations in the left bank floodplain wetland, and increased water surface elevations in the 
vicinity of the Stewart Road SE Bridge (roughly the same area as described in the Year-0 (“a”) 
Simulations section above though the peak was shifted downstream somewhat). The reasons 
for these differences are similar to the reasons described above for the changes seen in the 
“a” simulations. Although the simulated flood elevations in the wetland restoration area 
between the river and Butte Avenue SE are projected to increase relative to future conditions 
without the project, this relative increase is less than the relative increase for the year 0 
simulations. 

Fully Evolved Channel and Floodplain (“c”) Simulations 
The existing conditions simulations for the “fully evolved” time period (scenario S4c) 
are summarized in Figure 10. The existing conditions fully evolved time period assumes 
complete filling of the existing river channel near the county boundary line. As expected 
these simulations indicate that a majority of the flow would leave the main channel, flow 
through the wetland and agricultural fields to the south, and overtop Stewart Road SE, even 
during mean annual flow conditions. These simulations can be compared to the equivalent 
conditions with the constructed project (scenario S1c) shown in Figure 11. As described in 
the methodology section above, the modeled topographic surface in scenario S1c includes a 
number of active channels and splays based upon the model results from the scenario S1a 
and S1b simulations. Finally, Figure 12 provides a detailed map of the differences between 
existing and proposed conditions for the 100-year flood event in the fully evolved channel and 
floodplain configuration. 

The most significant impact predicted for the fully evolved floodplain under conditions without 
the project is that most of the flow, even for smaller flow rates like the mean annual flow, 
would continue over the left bank of the wetland, overtop Stewart Road SE, and exit the 
model domain in the left bank floodplain in the vicinity of the Sumner Meadows Golf Course. 
This presents significant geomorphic and flood emergency management risks. A partial or full 
avulsion of the White River along 142nd Avenue SE could occur rapidly in flood conditions and 
would likely cause substantial property damage to existing and future proposed development. 
The avulsion could also result in the loss of life, and would temporarily close Stewart Road SE 
until the river was diverted back under the Stewart Road SE Bridge and repairs to Stewart 
Road SE could be completed. Flood fighting actions to curtail overtopping or that route 
overbank waters away from left bank existing infrastructure would increase flood risks 
elsewhere, upriver or on the right bank. These flood fighting actions would have their own 
ramifications that would present a risk to all areas downstream of Stewart Road SE, even those 
properties on the right bank. A full discussion of the geomorphic ramifications of these results 
will be presented in a separate memorandum (Herrera 2012c). 

Like the Year 0 and Year 3 simulations for proposed conditions (i.e., the S1a and S1b 
simulations), the model for fully evolved conditions predicts flood water surface reductions 
in developed areas along the right bank through the project site. The greatest reduction in 
100-year flood water surface elevation is simulated (i.e., immediately post construction) 
to be over 5 feet near Pacific City Park. These reduced water surface elevations would be 
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compensated by water surface elevation increases in the left bank floodplain wetland. The 
model results for scenario S1c indicate that the wetland will be inundated almost completely 
even during mean annual flows. Flood height increases are also predicted in the vicinity of 
the Stewart Road SE Bridge, particularly 500 to 1,000 feet downstream of the bridge. It is 
important to mention that the existing results do not account for scour effects at the bridge. 
Model results indicate that the largest water surface elevation increases downstream of 
Stewart Road SE (absent other landscape or flood protection measures not modeled) will be 
in the river channel, with somewhat smaller increases in the overbank areas within existing 
flood hazard areas. As mentioned above, these effects are a direct result of prohibiting flow 
over Stewart Road SE in the proposed conditions, whereas for future conditions without the 
project, the majority of the river flow is predicted to overtop the road. 

Quality Control 
One of the fundamental tests of any hydraulic model is whether the model conserves mass 
(i.e., the mass of water entering the model domain equals the change in water storage 
and the mass of water leaving the model domain). There are many ways to assess mass 
conservation. The manner employed for this modeling effort calculated all fluxes along the 
domain boundary and then accounting for storage within the model. A summary of those 
calculations for all simulations presented in this memorandum is provided in Table 2. These 
results show that continuity degrades for larger flood events and for simulation time periods 
further in the future. The without-project simulations performed worse than the most likely 
proposed conditions simulations in terms of conservation of mass. The lack of continuity 
(generally less than 3 percent) for those simulations where the 2-year flood does not inundate 
the left bank floodplain indicates that the fixed water surface elevation in the left bank 
floodplain is the source of the continuity error. 

The conservation of mass analysis summarized in Table 2 indicates that there is an imbalance 
between the imposed boundary condition and flow entering the left bank floodplain near the 
downstream boundary condition south of Stewart Road SE. Although the model is technically 
capable of solving for the flow exiting the model and rectifying this balance, previous results 
indicate that a free boundary condition (i.e., without a fixed water surface elevation) does not 
generate a numerically stable solution in most cases (Herrera 2011a). Therefore, modeling for 
this project should continue to employ a fixed boundary condition in the area where the mass 
conservation error occurs, but it is important to understand the extent of these errors. 

It is known that the constriction at the Stewart Road SE Bridge could serve to hydraulically 
isolate much of the project site from the downstream boundary condition by serving as an 
independent hydraulic control point. For instance, the model results indicate a head loss 
of 3 to 4 feet at the bridge due to this construction. To test this hypothesis, a number 
of additional simulations were performed to determine the variability in water surface 
elevations associated with a change in downstream boundary condition for those simulations 
where the continuity error is the largest (i.e., scenarios S4c and S1c). Because one of the 
key design parameters is the water surface elevation along the setback levee (extending 
from the Stewart Road SE Bridge to the junction of the setback levee with the BNSF railroad 
embankment), the maximum water surface elevation was solved for in a number of simulations 
with varying downstream boundary conditions. 
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Table 2. Continuity Errors Calculated at the Edge of the Model Domain 
Accounting for Internal Storage. 

Scenario Simulation Continuity Error (%) 
S4a MAF a 2.3

2-year 1.2

100-year -17.3

500-year -24.7

S1a MAF -20.3

2-year 0.5

100-year 11.4

500-year 15.8

S4b MAF 15.9

2-year -9.5

100-year -27.4

500-year -29.7

S1b MAF -2.7

2-year -2.8

100-year 8.4

500-year 14.1

S4c MAF -177.6

2-year 30.9

100-year -52.8

500-year -51.1

S1c MAF -18.1

2-year -2.8

100-year 17.7

500-year 30.9
a MAF = Mean Annual Flow 

 
The results of the analysis of boundary conditions are summarized in Table 3, which shows 
the maximum and average variability in water surface elevations between the base case 
(i.e., with the original HEC-RAS-generated rating curve and a fixed left bank floodplain 
water surface elevation of 65 feet) and the other sensitivity runs. Each simulation of a 
combination of boundary conditions is called a draft. With the exception of Drafts B, E, 
and G of scenario S4c, all of the simulations indicate less than 1-inch variability in the largest 
deviation of the maximum water surface elevations along the proposed levee alignment, 
despite changing the downstream boundary condition (water surface elevation) by several 
feet. Based on these results, it is obvious that hydraulic control is provided at Stewart 
Road SE. Ironically, the greatest deviations do not occur near Stewart Road SE; they are at 
the north end of the project site near the BNSF railroad. In these simulations there is a small 
bump in the topography near the railroad alignment that is barely overtopped in the base 
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case. The bump controls the flow of water into a small low lying area adjacent to and 
bounded by the railroad. Reducing the left bank floodplain boundary water surface condition 
(as was done in Drafts E and G), results in the bump not being overtopped, which indicates 
that flooding would not occur in the small low lying area, and makes the water surface 
elevations in the low lying area quite different for different drafts. 

Table 3. Results of Sensitivity Analysis. 

Simulation
Main Channel 

Boundary Condition

Floodplain 
Boundary Condition 

Elevation
Maximum Deviation
in WSE from Base

Average Deviation
in WSE 

S4c 100 year

Draft A original 65 N/A N/A

Draft B original 66 1.668 0.026

Draft C original 67 0.019 0.001

Draft D original 64 0.027 0.001

Draft E original 63 1.059 0.017

Draft F original 64.5 0.090 0.001

Draft G original 63.5 1.491 0.009

Draft H original +4 68 0.307 0.007

S1c 100 year

Draft A original 61 0.162 0.024

Draft B original 63 0.162 0.025

Draft C original 64 0.007 0.001

Draft D original 65 N/A N/A

Draft E original +1 65 0.009 0.001

Draft F original +2 65 0.011 0.000

Draft G original +3 65 0.008 0.000

Base simulation in italics 
WSE = Water Surface Elevation 
N/A = Not applicable 
All units in feet 
 
To further validate the model results for scenarios S1 and S4, the flow across Stewart Road SE 
(both the flow that goes under the bridge and over the road surface) was calculated and 
compared to the inflow hydrograph. In nearly all cases, these calculations indicate that the 
flow at and upstream of Stewart Road SE is modeled as accurately as is possible and that the 
roadway and bridge effectively act as hydraulic controls. 

In summary, the results of the sensitivity analyses indicate that Stewart Road SE acts as an 
independent hydraulic control on the model, effectively isolating most of the model domain 
from the downstream boundary condition. While domain boundary continuity checks do not 
perform well for simulations where there is significant flow over Stewart Road SE, these 
imbalances do not adversely affect the results in the model at and upstream of Stewart 
Road SE. However, the model was found to be dependent on the downstream boundary 
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condition (and likely in error) more than 1,000 feet downstream of Stewart Road SE in those 
simulations where flow into and out of the left bank floodplain south of Stewart Road SE is 
significant. 
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SSUMMARY OF PRELIMINARY FINDINGS 
The following statements are based upon the model results discussed herein: 

These preliminary findings are based on the projection of recent trends in sediment 
deposition within the project reach and assume that both the Countyline (left bank) 
project and the right bank project (or temporary flood protection measures) are 
constructed to provide 100-year flood protection. 

The model produced reasonable results for all of the conditions simulated to date 
(for scenarios S1 and S4) at and upstream of Stewart Road SE (i.e., reasonable water 
depths, flow velocities and hydraulic patterns). 

Mass was typically not conserved when it was calculated along the model domain 
boundary because of the imprecise imposition of the downstream boundary condition, 
particularly in the left bank floodplain. Therefore, it is expected that the model 
results are not necessarily reliable very near the model domain boundary for 
simulations where the left bank floodplain is engaged south of Stewart Road SE. 

Based upon the sensitivity analysis and careful evaluation of simulated flows across 
Stewart Road SE, the model was found to be dependent on the downstream boundary 
condition (and likely in error) only more than 1,000 feet downstream of Stewart 
Road SE. 

Nearly all areas between the UP and BNSF railroads will be within the 100-year 
floodplain within 14 years if the project is not constructed.  

The required elevation of the top of the setback levee increases depending on the 
time period examined because of ongoing sediment accumulation expected to occur in 
the left bank floodplain wetland. 

By far, the highest portion of the levee needs to be in the vicinity of the Fairweather 
property. 

The project will lower flood water surface elevations by several feet along the right 
bank in the City of Pacific for all time periods examined. The greatest flood reduction 
benefit appears to be in the vicinity of Pacific City Park, where modeled flood water 
surface elevation reductions of up to 5 feet are common. 

Because the project will eliminate flow over Stewart Road SE (a major arterial) for all 
flow ranges including the 100-year event, water surface elevations immediately after 
construction are expected to increase in the right bank floodplain along Butte Avenue 
upstream of the Stewart Road SE Bridge due to the backwater effects from the bridge. 
Increases are also expected in the right bank floodplain downstream of the bridge. 
The model results indicate that water surface elevations in these areas are expected 
increase by approximately one foot upstream from the bridge and by less than 0.5 feet 
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downstream of the bridge. Both areas of estimated water surface elevation increase 
are within the present-day, 100-year flood zone. These increases in water surface 
elevations might be an artifact of the model because they occur near the edge of the 
model domain. Additional modeling, with the model domain extending farther 
downstream should be conducted to address this effect. 



October 2012 

Hydraulic Modeling Approach & Initial Modeling Results Tech Memo—White River Countyline Levee Setback Project 61 

RREFERENCES 
Czuba, J.A., C.R. Czuba, C.S. Magirl, and F.D. Voss. 2010. Channel-conveyance capacity, 
channel change, and sediment transport in the lower Puyallup, White, and Carbon rivers, 
western Washington. Scientific Investigations Report 2010-5240. U.S. Geological Survey. 

Garcia, R., R. Espinoza, E. Valera, and M. Gonzalez. 2006. An explicit two-dimensional finite 
element model to simulate short- and long-term bed evolution in alluvial rivers. Journal of 
Hydraulic Research 44(6):755-766. 

Herrera. 2010. Summary of sediment trends: lower White River, RM 4.44 to RM 10.60. 
Prepared for King County Department of Natural Resources and Parks, Water and Land 
Resources Division, River and Floodplain Management Section, by Herrera Environmental 
Consultants, Inc., Seattle, Washington. February 2010. 

Herrera. 2011a. RiverFLO-2D calibration report: Lower White River Levee Setback hydraulic 
and sediment transport modeling. Prepared for King County Department of Natural Resources 
and Parks, Water and Land Resources Division, River and Floodplain Management Section, by 
Herrera Environmental Consultants, Inc., Seattle, Washington. March 28, 2011. 

Herrera. 2011b. King County White River (Countyline) Levee Setback Project, hydraulic and 
sediment transport modeling approach (Contract E00187E10, Task 200.1). Prepared for King 
County Department of Natural Resources and Parks, Water and Land Resources Division, River 
and Floodplain Management Section, by Herrera Environmental Consultants, Inc., Seattle, 
Washington. November 4, 2011. 

Herrera. 2012a. Floodplain geomorphic surface development approach technical 
memorandum: White River at Countyline Levee Setback Project (Contract E00187E10, 
Task 200.1.1). Prepared for King County Department of Natural Resources and Parks, Water 
and Land Resources Division, River and Floodplain Management Section, by Herrera 
Environmental Consultants, Inc., Seattle, Washington. May 22, 2012. 

Herrera. 2012b. Hydraulic and sediment transport modeling technical memorandum: White 
River at Countyline Levee Setback Project (Contract E00187E10, Task 200.4). Prepared for 
King County Department of Natural Resources and Parks, Water and Land Resources Division, 
River and Floodplain Management Section, by Herrera Environmental Consultants, Inc., 
Seattle, Washington. May 29, 2012. 

Herrera. 2012c. Geomorphic Assessment: White River at Countyline Levee Setback Project 
(Contract E00187E10, Task 300.3). Prepared for King County Department of Natural Resources 
and Parks, Water and Land Resources Division, River and Floodplain Management Section, by 
Herrera Environmental Consultants, Inc., Seattle, Washington. 

Mostrenko, I., C. Avolio, C. Brummer, K. Lepine, and L. Rich. 2011. Hansen Creek Alluvial Fan 
and Wetlands Restoration Project: hydrogeomorphic changes of a re-activated alluvial fan. 
Salish Sea Conference. October 25-27, 2011. 



 



 

 

 

 

APPENDIX H 
 

Seepage, Stability, Design and 

Construction Considerations 
  



 

 

 



Page 1 of 15

FINAL
Technical Memorandum 

URS Corporation 
Century Square 
1501 4th Avenue, Suite 1400 
Seattle, Washington  98101 
Tel: 206.438.2700 
Fax: 206.438.2699 

To: Herrera Environmental 
Consultants Inc. CC:

From: Rod DenHerder, P.E.,
Martin McCabe, P.E. Date: September 30, 2013 

RE: White River Countyline Levee Setback Project 
Seepage, Stability, Design and Construction Recommendations 

In partial fulfillment of Task 400.3 of the Herrera contract with King County for analysis and 
design of the proposed White River Countyline Levee Setback project (Contract #E00187E10), 
this technical memorandum outlines the approach, analytical methods, and results of 
geotechnical-related evaluations for the setback levee. This memo furthermore presents 
recommendations regarding geotechnical design and construction aspects of the project.

1.0 PROJECT DESCRIPTION  

1.1 SETBACK LEVEE ALIGNMENT 
The White River at Countyline Levee Setback (Countyline) project is a salmon recovery and 
flood risk reduction project located on the left (east) bank of the White River between river mile 
(RM) 5.00 and RM 6.33. Implementation of the Countyline project will reconnect approximately 
124 acres of forested wetland and historical floodplain to the main stem of the White River by 
removing most of an existing left bank levee and constructing a new setback levee and 
biorevetment along the eastern edge of the project boundary.  The site location is shown on 
Figure 1. The proposed setback levee alignment and locations of subsurface investigation 
borings are shown on Figure 2.  Figure 2 also shows the locations of Sections AA’, BB’, CC’, 
and DD’ that are discussed repeatedly in this memo, as representative locations for the 
geotechnical analyses conducted. 

1.2 SETBACK LEVEE CROSS SECTION 
URS and King County agreed upon the following proposed general levee configuration for the 
cross sections evaluated in detail: 

Levee top width 15 feet. 
Levee side slopes 2.5H:1V (horizontal to vertical). 
River-side water level is 3 feet below the levee crest. 
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The proposed levee consists of a zoned embankment consisting of the following materials: 
Core – low permeability fill material. 
Shell – native alluvium surrounding the core. 
Outer surface - topsoil. 
Top – gravel driving surface. 

2.0 SCOPE OF SERVICES 

The scope of services for the analyses presented in this memo is described in the December 6, 
2010 Professional Services Agreement signed between Herrera Environmental Consultants and 
URS Corporation, which includes providing geotechnical services for levee setback seepage 
analysis. Specific elements of this scope of services are: 

Compare river stages to measured groundwater level data to assess the linkage between 
river water level and the groundwater elevation response to it, using river stage data from 
the USGS gauging station at the A Street Bridge in Auburn and groundwater data loggers 
deployed by King County in the wetland on-site. 
Characterize the general foundation conditions along the setback levee alignment and 
provide concept level and design-level geotechnical analysis of the proposed levee, and 
provide construction recommendations addressing compaction; preload requirements; 
and  potential modes of failure, including slope stability, settlement, levee underseepage, 
and seismic considerations in general accordance with the following: US Army Corps of 
Engineers (USACE) Design and Construction of Levees Manual EM 1110-2-1913, dated 
April 30, 2000, USACE Slope Stability Manual EM 1110-2-1902, dated October 31, 
2003, and ETL 1110-2-569 Design Guidance for Levee Underseepage, dated  May 1, 
2005.
Prepare a geotechnical analysis technical memorandum (this memo) that documents 
water level monitoring in wells along the setback levee alignment, addresses the static 
stability and settlement of the new setback levee, the need for seepage cutoff within and 
below the new levee, erosion protection of the new levee, use of on-site soils (if 
available) for construction of the new levee, and seepage cutoff key (if required). 
Provide geotechnical analyses using SLOPE/W and SEEP/W, including design 
recommendations, for up to two setback levee footprints and up to 3 levee cross-section 
configurations prepared by King County. 

3.0 SITE CONDITIONS 

3.1 SURFACE DESCRIPTION 
The proposed setback levee site is on the perimeter of active farmland with a small area of 
commercial/industrial property along the southern 1,500 lineal feet of the setback alignment.  
The ground surface in the setback levee project area is relatively flat and gently sloping upward 
from the southwest to the northeast end, with a mean surface elevation of approximately 70 to 80 
feet (NAVD 88).  The setback floodplain area west of the setback levee alignment encompasses 
approximately 124 acres of forested wetland and upland wetland buffer.
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3.2 GEOLOGIC SETTING 
The valley of the White River is underlain by Holocene alluvium (USGS, 1995).  During the 
Holocene Epoch, erosion and deposition occurred primarily along major river valleys and marine 
embayments. Holocene deposits include peat, mass wasting debris, mudflow sediments 
generated on the volcanic peaks of the Cascade Range, and fluvial and deltaic sediments.  
Alluvium found in the valley of the White River is designated as geologic unit “Qal”, and this 
unit is considered to be an important aquifer.  Few wells fully penetrate the Qal unit in the study 
area, so the thickness of the unit generally is not known.  Near the steep slopes of each valley, 
Qal is interbedded with and sometimes overlain by mass-wasting debris (USGS, 1995).  The 
liquefaction potential of the area is indicated as “moderate to high” in the most recent 
liquefaction susceptibility mapping (Palmer et al, 2004). 

The project area is part of the alluvial fan laid down over the past 5,000 years by the erosion and 
deposition of lahar (volcaniclastic mudflow, such as the 5,700-year-old Osceola mudflow) 
sediment deposited in the White River canyon. The river was historically considered the Stuck 
River, an overflow distributary channel of the White River.  Prior to a major flood in 1906, most 
of the White River water and sediment exited the White River canyon near RM 8 and flowed 
north to join the present-day Green River near Auburn (Herrera, 2012). During the 1906 flood, 
the main flow of the White River was diverted down the old Stuck River channel.  The 
construction of the Auburn Wall in 1915 made the change permanent.    

3.3 SUBSURFACE CONDITIONS 
Subsurface conditions at the project site were investigated by King County by drilling 16 soil 
borings, excavating six test pits and excavating three shallow surface scrapings on the waterward 
face of the existing levee, performing laboratory testing of selected soil samples, and performing 
conductivity testing at two wells at the locations indicated on Figure 2.  A list of the borings and 
a brief summary of soil layers encountered are presented in Table 2 below.  It should be noted 
that when a water level monitoring well was installed in the boring, an additional name was 
assigned to the boring to reflect the presence of the well. For example a monitoring well was 
installed in boring KCB-2, so the boring is also designated as KCMW-2. Boring logs and 
laboratory data are provided in Appendix A, and are also in Appendix A of the County Line to A 
Street Geotechnical Investigation memo prepared by the King County Department of 
Transportation (2012).

STRATIGRAPHY
The general stratigraphy along the proposed setback levee alignment as indicated by the 
subsurface descriptions in the boring logs is roughly illustrated on Figure 3. The figure reflects 
the substantial variation of subsurface conditions in this alluvial fan setting and may not 
accurately portray the stratigraphy at locations between borings. About one foot of cultivated 
sandy topsoil was encountered at the surface along the proposed setback levee alignment at 
borings KCB-1 and KCB-2 and in borings KCB-4 to KCB-9. Uncontrolled fill (mixed natural 
and man-made materials without obvious compaction controls) and road fill were encountered at 
the surface in borings KCB-16 and KCB-3 in thicknesses of about 11 feet and 1 foot, 
respectively. In general, the native stratigraphy below the topsoil or fill surface is poorly graded 
fine to medium sand to silty sand interbedded with silt and scattered lenses of peat and organics. 
In the upper 25 feet, the granular material zones tend to be medium dense to occasionally loose, 
while the fine grained material zones (silt, clay, and peat) tend to be medium stiff to soft.  
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GROUNDWATER  
Groundwater was encountered in all of the borings drilled for this project at depths ranging from 
1.6 to 6 feet below the ground surface (see Figure 3 and Appendix A). Water level measurements 
from six (6) shallow groundwater monitoring wells installed for this project were provided by 
King County. Of the six groundwater wells installed for the project, four are located in the 
wetland area on the landward side of the existing levee, and two are located in borings drilled on 
the floodplain surface above the wetland along the alignment of the proposed setback levee.  The 
locations of the wells (Figure E-1) and the associated water level data are included in Appendix 
E.  A summary of the wells is shown in Table 1.  

Groundwater levels generally follow the slope of the river and alluvial fan surface and are higher 
in the northeast and lower in the southwest (see Figures 3 and E-2).  The time-series plots for the 
wells shown on Figure E-2 illustrate that the upper wetland in the vicinity of groundwater wells 
GW1, GW2, and GW3 is hydraulically disconnected from the river (USGS gage #12100496 – 
White River near Auburn, WA, located at the A Street bridge crossing). King County personnel 
have reportedly observed static water levels in the wetland several feet lower than the river stage 
even when the river level is near the top of the existing left bank levee.  In contrast, groundwater 
at GW4, KCMW-2, and KCMW-4 in the lower portion of the wetland is hydraulically connected 
to the river and responds to water entering the wetland near the county line (for flows greater 
than 3,500 cfs) and returning back to the river near GW4.  The two-foot drop in water levels at 
GW4 between September and October 2011 corresponds to repair work performed on the culvert 
at the wetland outlet, whereby a beaver dam was dismantled, the culvert unclogged, and a ford 
cut in the access road.  Reconstruction of the beaver dam restored groundwater levels at GW4 by 
spring 2012. 

Table 1:  Summary of Groundwater Well Measurements 

GROUNDWATER WELLS 

 GW1 GW2 GW3 GW4 KCMW-2 KCMW-4 

Ground Elevation unknown unknown unknown unknown 70.2 73.3 

Sensor Elevation (ft) 72.15 68.15 66.19 71.57 59.32 61.99 

Start Date 5/22/11 5/22/11 5/22/11 5/22/11 11/17/11 11/17/11 

End Date 5/23/12 5/23/12 5/23/12 5/23/12 5/9/12 5/9/12 

Highest Water Surface 
Elevation  (ft) 75.63 74.02 73.53 72.14 70.77 72.89 

Lowest Water Surface 
Elevation (ft) 72.15 68.15 66.19 71.57 66.53 69.94 

Figure E-2 and Table 1 also show that groundwater levels measured in KCM-2 were higher than 
the ground surface at the well location during peaks in the White River hydrograph.  This 
indicates groundwater movement originating from upland areas on the alluvial fan in addition to 
the shallow groundwater connection with the river described above. This interpretation is 
consistent with saturated ground observed by King County personnel in the fields near KCM-2 
during periods of low river levels in July 2012.



Page 5 of 15

LABORATORY TESTING 
To aid in classifying the subsurface materials and to estimate general material characteristics, 
laboratory tests were performed on selected representative samples.  The following tests were 
performed by the King County Materials Laboratory: moisture content, grain size distribution, 
fines content and Atterberg limits.  The results of the laboratory testing are presented in 
Appendix A and on the boring logs.

4.0 METHODS AND RESULTS  

4.1  SOIL PROFILES AND SOIL PARAMETERS FOR DESIGN 
Figure 3 shows a conceptual stratigraphic profile along the proposed setback levee alignment 
based on an interpretation of the boring logs.  The estimated material parameters for each of the 
soil strata encountered at the site are provided in Table 2 for use in the levee seepage and 
stability analyses.  The values provided in the table have been estimated using a combination of 
field and laboratory data together with published data on similar materials.  It should be noted 
that in most cases the values listed in Table 2 are intended to represent average or slightly 
conservative field conditions.

The estimated material parameters for the proposed setback levee core fill material are also listed 
in Table 2.  Topsoil is not specifically listed but the value for permeability used in the seepage 
modeling was 0.02 centimeters per second (cm/sec).  The permeability value of 0.10 cm/sec was 
used to model alluvium. 

Natural variations in stratigraphy and soil parameters are expected throughout the site, and thus 
the values listed in Table 2 may not be strictly representative of all locations. The definitions of 
the soil types used in Table 2 are listed in ASTM D-2487 Classification of Soils for Engineering 
Purposes (Unified Soil Classification System). 
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Table 2: Summary of Characteristics and Estimated Material Properties

Section * 
or Boring 

No. 

Fill or 
Stratum 

Modeled ** 

Top 
Depth

(ft) 

Thick-
ness
(ft) 

Raw 
SPT

(blows 
per

foot) 

Unit
Weight 
(lbs/ft3)

Friction
Angle 

(degrees) 
Cohesion 
(lbs/ft2)

Perm-
eability 
(cm/s)

2 Riprap n/a n/a n/a 140 40 0    0.200 

1, 2 

Core Fill 
(25% fines) n/a n/a n/a 130 35 50    0.003 

Core Fill 
(20% fines) n/a n/a n/a 130 37 0    0.020 

3a, 3b 
Narrow 

Core Fill 
(25% fines) 

n/a n/a n/a 130 35 50    0.003 

KCB-1

Existing. 
Fill (SP) 0 4 18 128 33 0    0.003 

ML,PT 4 2.5 6 110 28 50    0.00001 
SP-SM 6.5 10.5 7-31 125 35 0    0.0003 

ML 17 4 10-23 115 30 50    0.00001 

KCB-2 / 
KCMW-2 

ML,OR 0 4 2 110 28 50    0.00001 
SM 4 1.5 14 125 35 0    0.0003 
ML 5.5 6.5 14-19 115 30 50    0.00001 

ML-PT 12 2 2 110 28 50    0.00001 
SP-SM 14 14 21-29 130 35 0    0.0003 

KCB-3

Road Fill 
(SM) 0 1.5   128 33 0    0.0003 

ML,PT 1.5 5.5 3-4 110 28 50    0.00001 
SP-SM 7 2.5 8 125 32 0    0.0003 

ML 9.5 2 3 110 28 50    0.00001 
SP-SM 11.5 10 13-28 130 35 0    0.0003 

KCB-6
ML,PT 0 4 9 110 28 50    0.00001 
SP-SM 4 13 7-31 125 35 0    0.0003 
ML,PT 17 8.5 4-8 110 28 50    0.00001 

KCB-7

SM 0 4 8 128 33 0    0.0003 
ML 4 5 13-15 115 30 50    0.00001 
SP 9 3.5 11-18 125 35 0    0.003 
ML 12.5 2 5-17 115 30 50    0.00001 
SP 14.5 5 11 125 35 0    0.003 

KCB-9

SM 0 9 4-16 128 33 0    0.0003 
ML,PT 9 3 3 110 28 50    0.00001 

SP 12 5 12-21 125 35 0    0.003 
ML 17 1 3 110 28 50    0.00001 
SM 18 3 8 125 32 0    0.0003 

* Sections as shown on Figures 4 and 5 
** 20% or 25 % fines is that percentage of fill material that passes the #200 sieve 
SPT – standard penetration test 
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4.2   LEVEE CROSS SECTIONS 

Several different setback levee cross-section configurations were modeled (simulated). Section 1 
and Section 2 are shown on Figure 4.  Sections 3a and 3b are preferred by King County and are 
shown on Figure 5. 

Section 1 was analyzed at locations AA’, CC’, and DD’ shown on Figure 2. Section 1 was 
assumed applicable for all portions of the setback levee except where the levee encroaches into 
the wetland.  This section consists entirely of  imported low permeability material with a top 
width of 15 feet and 2.5H:1V side slopes (Figure 4). 

Section 2 is located in the area where the levee encroaches on the wetland as shown at cross-
section BB’ on Figure 2 (approximately Station 12+00 to 16+50 as shown on the 60% Plans).  
Section 2 is shown on Figure 4 and is similar to Section 1 except that it has a 3-foot layer of 
heavy loose riprap with a filter layer on the riverward side and an engineered logjam with wood 
piles built into the levee toe on the river side.

Sections 3a and 3b have a smaller impermeable core, and were evaluated at locations AA’ and 
DD’ shown on Figure 2.  These sections include an outer shell of gravelly material representative 
of on-site alluvium. Section 3a consists of a core of imported low permeability material with the 
top at the future 100-year recurrence interval water surface elevation, 2.5H:1V side slopes, and 
on-site alluvium for the outer shell around the core ranging in thickness from 18 inches on the 
slopes to 3 feet on the top of the levee.  The shell is covered with 18 inches of topsoil on both 
slopes of the levee. Section 3b is similar to Section 3a, with a narrower core constructed to the 
same height as section 3a but with 1H:1V side slopes. On-site alluvium was assumed for the 
outer shell around the core ranging in thickness from 3 feet on the top of the levee to 
approximately 5 feet on the side slopes.  Both slopes of the levee in Section 3b are covered with 
18 inches of topsoil.

4.3 SEEPAGE ANALYSES 

Seepage analyses were performed using the computer program SEEP/W (2007) to obtain pore 
water pressures in the soil elements for both steady state and transient state flow conditions.  The 
steady state pore pressures are used for the evaluation of exit hydraulic gradients at the toe of the 
levee for long-term conditions.  Similarly, the transient pore pressures are used to evaluate 
hydraulic gradients for rapid drawdown conditions.  The pore pressure values were also used in 
the slope stability analyses using SLOPE/W (2007). 

SEEP/W is a commercially available (Geo-Slope International Ltd) finite element software 
product for analyzing groundwater seepage and excess pore-water pressure dissipation problems 
within porous materials such as soil and rock. SEEP/W provides analyses and results that comply 
with the USACE guidelines in EM 1110-2-1913 and ETL 1110-2-569.  SEEP/W can model both 
saturated and unsaturated flow, a feature that greatly broadens the range of problems that can be 
analyzed.  In addition to traditional steady-state saturated flow analysis, the saturated/unsaturated 
formulation of SEEP/W makes it possible to analyze seepage as a function of time and to 
consider such processes as the infiltration of precipitation. 
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The seepage models were developed for the proposed setback levee using soil conditions 
encountered at borings KCB-1, KCB-2/KCMW-2, KCB-7 and KCB-9, and assumed material 
properties for the imported material to be used in the proposed levee.  These borings were 
considered the most critical for seepage considerations because of the presence of relatively 
higher permeability materials directly beneath the ground surface under the proposed 
embankment compared to the other borings.  Seepage analyses were conducted for the steady 
state condition and for a transient rapid drawdown condition.  A total head boundary condition 
was applied for the seepage model cases discussed below. 

URS used available King County hydraulic modeling data showing the timing of flood water rise 
and fall (see Appendix B) to develop a rapid drawdown rate for the seepage analysis. A 
drawdown rate of 0.42 feet per hour (ft/hr) was calculated from the drawdown curves provided 
by the County for the future conditions scenario.  This value was conservatively rounded up to 
0.50 ft/hr for the seepage analysis.

The phreatic surface across the levee was developed based on the following total head boundary 
conditions for the following model cases:  

Long-term Condition:
o Riverward side of the levee – 100-year flood peak water surface elevation 

(Section AA’ - EL. 80 feet, Section BB’- EL. 80 feet, Section CC’ - EL. 82 feet, 
Section DD’ - EL. 85 feet),

o Landward side of the levee – ground surface elevation (Section AA’ - EL. 72 
feet, Section BB’ - EL. 73 feet, Section CC’ - EL. 79 feet, Section DD’ - EL. 81 
feet).

Rapid Drawdown Condition:  
o Riverward side of the levee – drop from 100-year flood level elevation to 

landward side ground elevation at a rate of 0.5 inches per hour in 6 to 12 hours; 
o Landward side of the levee - ground surface elevation.

For underseepage conditions, the current USACE criterion for the average vertical exit hydraulic 
gradient through a levee’s landward side blanket was used. This criterion is to be less than or 
equal to 0.5 for the design floodwater level condition (see USACE, 2000 and USACE, 2005). 

Table 3 shows results of the seepage analyses for long-term steady seepage conditions.  An exit 
vertical gradient contour output figure was generated using SEEP/W for each case as shown on 
Figures C1 to C5 included in Appendix C.  The results of the seepage analysis are summarized in 
Table 3.  The analyses were performed on the four different sections with different core fill soil 
types as follows:

Fill with an estimated 25 percent fines with a conservative estimate of permeability equal 
to 0.003 cm/sec (Section 1 at locations AA,’ CC’, and DD’; Section 2 at location BB’). In 
this case a “conservative” permeability is one that is in the high end of the expected 
range.

Fill with an estimated 25 percent fines with typical estimate of permeability equal to 
0.003 cm/sec (Sections 3a and 3b). 
Fill with an estimated 20 percent fines passing the #200 sieve and higher permeability of 
0.020 cm/sec (Section 1 at Location AA; Section 2 at BB).

Topsoil was not modeled as a separate layer from the levee fill in Section 1 and Section 2.
However, both of these sections were modeled using permeability of 0.02 cm/sec for the levee 
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fill, which is the same permeability used in modeling topsoil in Sections 3a and 3b.  Therefore, 
12 inches of topsoil placed as part of the section at AA and BB would not be inconsistent with 
the modeled results. 

It should be noted that the estimates of permeability for levee core material having 20 to 25 
percent fines were made assuming that these fines are non-plastic to low plasticity silt and/or 
clay to account for the potential difficulty in obtaining borrow fill containing higher plasticity 
fines that would also have lower permeabilities. 

Table 3: Summary of Seepage Gradient Estimates at Setback Levee Toe 

Analyzed Location 

Levee  Core Material Maximum 
Vertical Exit 

Gradient 
(imax) Figure No. 

Passing #200 
Sieve * 

(%) 
Permeability

(cm/sec)
SECTION 1

AA’
25 0.003 0.38 C1 
20 0.020 0.43 C1a 

CC’ 25 0.003 0.35 C3 
DD’ 25 0.003 0.35 C4 

SECTION  2

BB’ 25 0.003 0.45  C2  
20 0.020 0.46 C2a 

SECTION 3a  
AA’ 25 0.003 0.40 C5  

SECTION 3b
AA’ 25 0.003 0.41 C5a 
DD’ 25 0.003 0.39 C6 

* Percent fines passing the #200 sieve.

The vertical exit gradients listed in Table 3 are less than the maximum acceptable value of 0.5 
that is the current USACE criterion for the levee design floodwater level condition (see USACE, 
2000 and USACE, 2005).  The results of the seepage analysis indicate that the exit gradients are 
considered acceptable according to USACE criteria, and therefore a seepage cutoff trench, core 
or blanket is not required if soils encountered during construction are consistent with the values 
used in the analysis. 
The analysis of core material with an estimated 20 percent fines was performed only at location 
AA’ for Section 1 and location BB’ for Section 2 to show the relative difference if fill is 
imported with lesser fines than assumed for the modeling. 

The results of this comparative analysis show that soils with higher permeability consistent with 
lesser fines content (assumed 20 percent) would have greater exit gradients than soils with 
permeability corresponding to 25 percent fines.  However, the difference in exit gradients for 
location BB’ and Section 2 is insignificant, which may be related to the thinner impermeable 
section with the rock face on the waterward side of levee in this section.
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A transient analysis was performed to simulate the phreatic surface (including groundwater 
levels on the landward side of the proposed levee) during a 100-year flood event in the White 
River.  The results of the transient analysis indicate that groundwater is high enough to be at or 
above the ground surface during extreme flood events with associated high river stages lasting 48 
hours or more. The high groundwater levels would not be from seepage through the levee but 
would occur from the surcharge of deeper pervious layers that would transmit groundwater to 
shallower alluvium near the surface. This is in contrast to existing conditions during moderate 
flood flows less than the 100-year flood event, in which the field areas south of the proposed 
setback levee would be inundated with floodwaters.  Although the proposed setback levee will 
provide protection from flood inundation, the high groundwater levels that currently exist in the 
field areas south of the proposed setback levee will not be alleviated by the levee.  The presence 
of near-surface moisture for 48 hours or more under existing and proposed conditions could have 
adverse impacts on the existing pavements near the toe of the future levee at the south end of the 
alignment.  With or without the setback levee, consideration should be given to adding fill in 
areas where roads and buildings will be constructed immediately adjacent to the proposed 
setback levee toe. 

4.4   STABILITY ANALYSES 

URS performed a static slope stability analysis for long-term conditions and for rapid drawdown 
conditions using SLOPE/W (2007), a commercially available computer program for the general 
solution of slope stability problems by two-dimensional limit equilibrium methods. SLOPE/W 
provides analyses and results that comply with the USACE guidelines in EM 1110-2-1913 and 
ETL 1110-2-1902. The calculation of the factor of safety (FS) against instability of a slope can 
be performed using one of the following methods: Bishop Simplified Method (applicable to 
circular shaped failure surfaces), Ordinary Method, Janbu Simplified Method (applicable to 
failure surfaces of general shape), or Spencer's Method (applicable to any type of surface).  

SLOPE/W features unique random techniques for generation of potential failure surfaces for 
subsequent determination of the more critical surfaces and their corresponding factors of safety.  
These techniques generate circular failure surfaces, surfaces of sliding block character, or more 
general irregular surfaces of random shape.  For the purposes of these analyses, URS utilized 
Spencer’s Method.  The pore pressure generated in the SEEP/W model run was used in the 
SLOPE/W program during stability analysis. The analysis incorporated the following options: 

1. Analysis method:  Spencer 
2. Slip surface option:  entry and exit  
3. Directions of movement:  left to right for landward side of levee; right to left for 

riverward side of levee
4. Tension crack option:  no tension crack 
5. Minimum slip surface depth: 5 feet 

The minimum FS for static conditions required by the USACE (2000) are shown in Table 4. 
Table 4: Minimum Factors of Safety Required by the USACE (2000) for Levees under 
Static Conditions 

Design Condition Minimum FS 
Rapid Drawdown  1.0 to 1.2 *
Long Term (Steady Seepage)  1.4** 
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* Sudden drawdown analysis.  F.S. = 1.0 applies to pool levels prior to drawdown conditions where these water levels 
are unlikely to persist for long periods preceding drawdown.  F.S. = 1.2 applies to pool level likely to persist for long 
periods prior to drawdown. 

**   For existing slopes where either sliding or large deformation have occurred previously and back analyses have been 
performed to establish design shear strengths, lower factors of safety may be used.  In such cases probabilistic analyses 
may be useful in supporting the use of lower factors of safety for design. 

Cross sections for evaluation were selected based on levee height and the presence of the most 
critical foundation soil conditions and strata depths.  Selected locations for stability analyses are 
as follows: 

Location AA’ (near KCB-1) . 
Location BB’ (near KCB-2/KCMW-2). * 
Location CC’ (near KCB-7) . 
Location DD’ (near KCB-9).  

*Note that KCB-2 and KCMW-2 are the same boring with different names to designate that the boring is also used as 
groundwater monitoring well. 

Static factors of safety were estimated for long-term and rapid drawdown conditions. 

The results of the long-term and rapid drawdown stability analyses are summarized in Tables 5 
and 6, respectively.  These tables show that the calculated FS met the minimum acceptable FS 
specified by the USACE (2000) in all cases.  The stability calculation output figures are attached 
in Appendix D. 

Table 5: Summary of Simulated Long-term Condition Factors of Safety 

Analyzed 
Locations

Levee Core Material FS

Figure No. 

Passing
#200
Sieve
(%) 

Friction
Angle

(degrees)
Cohesion
(lbs/ft2)

Perm-
eability 
(cm/sec)

Land-
ward  
Side

River-
ward 
 Side 

AA’
20 37 0 0.020 1.52  1.96  D1, D2  

25 35 50 0.003 1.64 2.15 D1a,  D2a 

BB’
20 37 0 0.020 1.40  2.00  D5, D6  
25 35 50 0.003 1.46 2.19 D5a, D6a 

CC’ 20 37 0 0.020 1.88 2.13 D9, D10 
DD’ 20 37 0 0.020 1.68 2.03 D13, D14 

      

Table 6: Summary of Simulated Rapid Drawdown Condition Factors of Safety 

Analyzed Sections 
FS*

Figure No. Landward 
Side

Riverward 
Side

Section AA’ 1.62 1.52 D3, D4 
Section BB’ 1.56 1.91 D7, D8 
Section CC’ 1.91 1.90 D11, D12 
Section DD’ 1.74 1.74 D15, D16 

*  = 37 °, c = 0 lbs/ft2 , permeability = 0.02 cm/s, assumed 20% fines passing the #200 sieve  for the modeled fill . 
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As in the seepage analyses, the stability analyses were performed for two separate hypothetical 
levee fill soil types, one having 20 percent fines and an assumed zero cohesion value but higher 
friction angle than a fill having 25 percent fines.  In general, the use of the higher fines fill 
resulted in a slightly higher long-term factor of safety. The rapid drawdown case was only 
examined with 20 percent fines in the fill soil (zero cohesion), because the likelihood of 
obtaining a factor of safety less than the required 1.2 value was judged to be remote for the 
higher fines fill.   

All FS values listed in Table 5 and Table 6 are greater than or equal to the minimum for static 
conditions (FS =1.4) and rapid drawdown conditions (FS = 1.2) required by the USACE (2000), 
as shown in Table 4. 

5.0 CONCLUSIONS
The analyses conducted for the proposed setback levee along the alignment shown in Figure 2 
indicate that all configurations modeled will meet the requirements of the USACE for slope 
stability.  The analyses also indicate that the sections modeled meet the USACE seepage 
guidelines at the locations as follows: 

The proposed sections using a narrow core as shown for Sections 3a and 3b on Figure 5 can 
be used for the entire proposed setback levee except near location BB’.

Location BB’ requires a core section with rock riprap facing on the waterward side as shown 
in Section 2 on Figure 4.

Calculations indicate that for soil conditions at most borings, the estimated settlement magnitude 
for the new levee embankments is relatively small at 2 to 4 inches, most of which is expected to 
occur during construction. At a few locations where peat or organic silt have been encountered, 
such as at borings KCB-6 and KCB-7 , the settlement could increase to as much as 
approximately 6 inches, and could occur over an extended period of time.  

Existing groundwater levels will not be lowered by installation of the setback levee.  The 
transient modeling predicts that there may be low-gradient seepage beneath the levee during 
prolonged periods of high river flows that could result in shallow groundwater conditions 
landward of the setback levee that would otherwise be inundated with flood water if the project 
was not constructed.    With or without the setback levee, roads or structures may experience 
saturated subgrades due to existing shallow groundwater conditions.

6.0  RECOMMENDATIONS AND CONSTRUCTION CONSIDERATIONS 

The soil encountered within the area to be occupied by the new levee is suitable as a foundation 
for the new levee fills without preload or extensive modification.  Total settlements ranging up to 
6 inches could occur at the center of the levee during and after construction in locations 
overlying peat deposits. The settlement will be generated by consolidation of the silt and peat 
zones under the weight of the new embankment fill. 

The permeability of potential on-site or imported embankment fill could vary naturally by a 
substantial amount. Accordingly, URS is recommending minimum fines content of 25 percent 
for the levee core so that portions of the fill that do not meet the assumed permeability will still 
meet the requirement for the maximum allowable seepage gradient. 
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Recommended fill materials for the core of the levee embankment are silts, clays, sands with silt, 
sands with clay, or a mixture thereof.  The plasticity of the fines content of levee fill materials 
should be as high as possible to decrease permeability. The fill material should have a maximum 
particle size of 3 inches with a minimum of 25 percent of the material passing the #200 sieve 
(considering only material less than 3 inches) measured in accordance with ASTM D-1140. 
Organic and foreign substances should not be allowed in the earthfill material. URS recognizes 
that the minimum fines recommendation may be difficult to achieve given the available borrow 
sources, and accordingly has examined the seepage and stability assuming a coarser levee fill.  

Zoned fills as shown on Figure 5 meet minimum seepage and stability guidelines as described in 
the Conclusions section above. The existing levee materials (alluvium) are gravels with minimal 
fines and are not acceptable for the core of the setback levee. For the zoned levee section, the 
core should contain soils with a minimum of 25 percent of the material passing the #200 sieve 
and it should be constructed up to the future 100-year flood peak water surface elevation.  The 
portion of the levee above the 100-year flood level (freeboard) may be constructed of fill having 
less than 25 percent fines, including on-site alluvium. 

The impervious core of the levee embankment fill should be placed in continuous, homogenous 
lifts with a maximum layer thickness of 8 inches before compaction.  The alluvium may be 
placed with a maximum layer thickness of 12 inches before compaction. The recommendations 
for the degree of compaction made here consider that no specific numerical compaction 
requirement is contained in the latest guidance on levee construction (EM 1110-2-1913, Design 
and Construction of Levees) published by the USACE (2000). Given the above considerations, 
URS recommends that fill placed for construction of the setback levee be compacted to a 
minimum density of 95 percent of the maximum dry density as measured using ASTM Test 
Method D-698.

The moisture content of the fine-grained fill matrix should not be less than 2 percent below the 
optimum moisture content, and no more than 3 percent above optimum moisture content as 
determined by ASTM D-698. 

The fill in the wetland (location DD’) can be started by removing fine and organic material and 
filling with approved riprap as a base within the footprint of the riprap as shown in the design 
drawings.  Levee fill behind the riprap should be placed in the dry, meeting all levee criteria 
described above, after the foundation has been stripped and proof rolled (compact foundation 
layer prior to initial fill placement). 

A clubfoot or sheepsfoot roller is recommended for foundation subgrade preparation and levee 
compaction for fine-grained soils (e.g., silts, clay, sandy silt, and sandy clay) or soils that have a 
high fines component (e.g., silty sand), to be used for construction of the new levee. This type of 
roller is expected to minimize the potential for creating a preferred pathway for seepage at the 
interface between lifts of fill soil.  If a smooth surface occurs during placement, the top of each 
lift should be scarified to a depth of approximately 1 inch before placement of the next lift to 
avoid development of a preferred pathway for seepage. If rainfall is expected during the 
construction period, the levee surface should be sloped to drain and “sealed” with a smooth drum 
roller to allow surface water runoff.  The smooth surface should be scarified when fill placement 
is resumed.  Vibratory compaction should be avoided for fine-grained soils or soils with high 
fines content. Rubber tire or smooth drum vibratory compactors can be used on coarser soils 
used in the zone identified as alluvium. 
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Fill soils immediately below the riprap blanket placed on the waterward face of the setback levee 
may be susceptible to erosion and washing from behind the riprap unless a filter is placed 
between the riprap blanket and the levee fill.  The filter should consist of a 9-inch minimum 
thickness of well-graded sand and gravel meeting the gradation requirements in Appendix D of 
EM 1110-2-1913. 

Before starting earthwork, site preparation should begin with stripping any surficial grass, roots, 
and topsoil from within the limits of fill placement.  URS expects surface stripping will be 
necessary to a minimum depth of 1 foot.  

One typically adverse existing soil condition that was not encountered in the soil borings, but if 
encountered during construction would likely result in an unacceptable seepage exit gradient is 
the presence of a clean sand (SP or SW) at the subgrade level of the new setback levee 
embankment. While it appears that the possibility of encountering such a condition is low, URS 
recommends that if the clean sand is present for a distance of at least 15 feet along the setback 
levee alignment, the low permeability core soil should be extended downward in the form of a 
keyway into the foundation to a depth of at least 4 feet. The final dimensions should be assessed 
according to the nature of conditions encountered. 

Topsoil obtained from the foundation preparation may be stockpiled and placed on the setback 
levee prior to revegetation of the levee slopes.  Prior to placing topsoil, the setback levee should 
be constructed to its full cross section using approved levee fill material.  The setback levee side 
slopes should be “track-walked” by a tracked vehicle running up and down the slopes of the fill.  
The topsoil should be compacted by the same track-walking method leaving the final surface 
with horizontal indents from the tracks to collect rain and prevent erosion of the newly 
completed levee. 

The soils expected to be exposed at the subgrade level for the setback levee are considered 
moderately to highly erodible in a disturbed condition. Erosion control efforts during 
construction should be diligently implemented in this large area of disturbance, and Best 
Management Practices (BMPs) applied as necessary to protect the nearby wetlands and river.  
Protection of compacted soil embankment slopes should be selected considering the velocity of 
the water that may be flowing towards or along the sloping surface. 

7.0 LIMITATIONS 
The recommendations and descriptions presented in this report are based on the soil conditions 
encountered in the field exploration conducted by King County at the site in 2010.  The 
subsurface information referred to herein does not constitute a direct or implied warranty that the 
soil conditions between boring locations can be directly interpolated or extrapolated or that 
subsurface conditions and soil variations different from those encountered in the County’s 
explorations will not be revealed.  If, during construction, subsurface conditions different from 
those described herein are observed, or if the structures and loading conditions described here are 
modified, URS Corporation should review such conditions and the recommendations given 
herein should be revised, as necessary. 
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Figure 3
Estimated Soil Profile Along Proposed Levee
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Appendix A:  Borings and Laboratory Test Results 













































































































Appendix B:  King County Rapid Drawdown Data 
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Appendix C:  Vertical Exit Gradient SEEP/W Output 





White River Countyline Levee Project
King County, Washington

Figure C1
Job No. 33762798 Vertical Gradient Contours, Section AA’



White River Countyline Levee Project
King County, Washington

Figure C1a
Job No. 33762798 Vertical Gradient Contours, Section AA’



White River Countyline Levee Project
King County, Washington

Figure C2
Job No. 33762798 Vertical Gradient Contours, Section BB’
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White River Countyline Levee Project
King County, Washington

Figure C2a
Job No. 33762798 Vertical Gradient Contours, Section BB’
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White River Countyline Levee Project
King County, Washington

Figure C3
Job No. 33762798 Vertical Gradient Contours, Section CC’



White River Countyline Levee Project
King County, Washington

Figure C4
Job No. 33762798 Vertical Gradient Contours, Section DD’
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White River Countyline Levee Project
King County, Washington

Figure C5
Job No. 33762798 Vertical Gradient Contours, Section AA’
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White River Countyline Levee Project
King County, Washington

Figure C5a
Job No. 33762798 Vertical Gradient Contours, Section AA’

  0.41  
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Name: 1-Existing Fill     Model: Saturated / Unsaturated     K-Function: Stratum 1-Fill     Vol. WC. Function: Sand     K-Ratio: 0.25     K-Direction: 0     
Name: On-Site Alluvium     Model: Saturated / Unsaturated     K-Function: On-Site Alluvium     Vol. WC. Function: Sand     K-Ratio: 1     K-Direction: 0     
Name: Topsoil     Model: Saturated / Unsaturated     K-Function: Topsoil     Vol. WC. Function: Sand     K-Ratio: 1     K-Direction: 0     
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White River Countyline Levee Project
King County, Washington

Figure C6
Job No. 33762798 Vertical Gradient Contours, Section DD’

0.39

Proposed Fill

Silty Sand

Name: Proposed Imported Fill (Fines.=25%)     Model: Saturated / Unsaturated     K-Function: Proposed Fill     Vol. WC. Function: Silty Sand     K-Ratio: 1     K-Direction: 0     
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Name: Topsoil     Model: Saturated / Unsaturated     K-Function: Topsoil     Vol. WC. Function: Sand     K-Ratio: 1     K-Direction: 0     
Name: On-Site Alluvium     Model: Saturated / Unsaturated     K-Function: On-Site Alluvium     Vol. WC. Function: Sand     K-Ratio: 1     K-Direction: 0     
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Appendix D:   Stability Analyses SLOPE/W Output 





White River Countyline Levee Project
King County, Washington

Figure D1
Job No. 33762798 Slope Stability – Static, Steady State, Land Side, Section AA’
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White River Countyline Levee Project
King County, Washington

Figure D1a
Job No. 33762798 Slope Stability – Static, Steady State, Land Side, Section AA’



White River Countyline Levee Project
King County, Washington

Figure D2
Job No. 33762798 Slope Stability – Static, Steady State, River Side, Section AA’
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White River Countyline Levee Project
King County, Washington

Figure D2a
Job No. 33762798 Slope Stability – Static, Steady State, River Side, Section AA’



White River Countyline Levee Project
King County, Washington

Figure D3
Job No. 33762798 Slope Stability – Static, Transient Seepage at 43200 Sec, Land Side, Section AA’
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White River Countyline Levee Project
King County, Washington

Figure D4
Job No. 33762798 Slope Stability – Static, Transient Seepage at 43200 Sec, River Side, Section AA’
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White River Countyline Levee Project
King County, Washington

Figure D5
Job No. 33762798 Slope Stability – Static, Steady State, Land Side, Section BB’



White River Countyline Levee Project
King County, Washington

Figure D5a
Job No. 33762798 Slope Stability – Static, Steady State, Land Side, Section BB’



White River Countyline Levee Project
King County, Washington

Figure D6
Job No. 33762798 Slope Stability – Static, Steady State, River Side, Section BB’



White River Countyline Levee Project
King County, Washington

Figure D6a
Job No. 33762798 Slope Stability – Static, Steady State, River Side, Section BB’



White River Countyline Levee Project
King County, Washington

Figure D7
Job No. 33762798 Slope Stability – Static, Transient Seepage at 43200 Sec, Land Side, Section BB’



White River Countyline Levee Project
King County, Washington

Figure D8
Job No. 33762798 Slope Stability – Static, Transient Seepage at 43200 Sec, River Side, Section BB’



White River Countyline Levee Project
King County, Washington

Figure D9
Job No. 33762798 Slope Stability – Static, Steady State, Land Side, Section CC’
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White River Countyline Levee Project
King County, Washington

Figure D10
Job No. 33762798 Slope Stability – Static, Steady State, River Side, Section CC’
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White River Countyline Levee Project
King County, Washington

Figure D11
Job No. 33762798 Slope Stability – Static, Transient Seepage at 21600 Sec, Land Side, Section CC’
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White River Countyline Levee Project
King County, Washington

Figure D12
Job No. 33762798 Slope Stability – Static, Transient Seepage at 21600 Sec, River Side, Section CC’
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White River Countyline Levee Project
King County, Washington

Figure D13
Job No. 33762798 Slope Stability – Static, Steady State, Land Side, Section DD’
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White River Countyline Levee Project
King County, Washington

Figure D14
Job No. 33762798 Slope Stability – Static, Steady State, River Side, Section DD’
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White River Countyline Levee Project
King County, Washington

Figure D15
Job No. 33762798 Slope Stability – Static, Transient Seepage at 28800 Sec, Land Side, Section DD’
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White River Countyline Levee Project
King County, Washington

Figure D16
Job No. 33762798 Slope Stability – Static, Transient Seepage at 28800 Sec, River Side, Section DD’
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Appendix E:  Groundwater Analysis





Figure E-1:  Groundwater Well Location Map

See Figure 2 for location of proposed setback levee and drill holes.
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Engineered Log Structures Design and Analysis Technical Memorandum—White River 1 

IINTRODUCTION 
The White River at Countyline Levee Setback (Countyline) project is a salmon recovery 
and flood risk reduction project located on the left (east) bank of the White River between 
river mile (RM) 5.00 and RM 6.33. Implementation of the Countyline project will reconnect 
approximately 115 acres of forested wetland and historical floodplain to the main stem of the 
White River by removing the existing left bank levee and constructing a new setback levee 
and biorevetment along the eastern edge of the project boundary. Several large engineered 
log structures (ELSs) will be built in the reconnected floodplain to enhance fish habitat and 
to deflect and diffuse the energy of flood flows approaching the biorevetment and setback 
levee. 

In fulfillment of Task 400.6 of Herrera’s contract with King County for analysis and design of 
the proposed project (Contract #E00187E10), this memorandum presents the basis of design 
for the ELSs. This memorandum summarizes the design and engineering analysis completed as 
part of Tasks 400.1, 400.2, and 400.5.2 of this contract to support developing final permitting 
and construction design plans and builds upon the concept development work for the ELSs 
completed during a previous project phase (i.e., Herrera 2011). 
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Engineered Log Structures Design and Analysis Technical Memorandum—White River 3 

EENGINEERED LOG STRUCTURE DESIGN AND ANALYSIS 
King County retained Herrera to design several types of ELSs for the proposed project. These 
include large and small apex engineered log jams (ELJs), bank deflector ELJs, a biorevetment 
structure, and floodplain roughening structures. Figure 1 shows the proposed locations of 
these structures. Each structure type was developed to perform functions specific to the 
location where it will be built. 

The designs for the structures discussed herein were developed based on the following: 

 The conceptual development and pre-design plans for ELSs completed by Herrera and 
King County during a previous project phase (i.e., Herrera 2011) 

 The project habitat and flood hazard reduction goals and objectives 

 Hydraulic modeling and sediment transport analyses completed as part of Tasks 200 
and 300 under this contract 

 Geotechnical data for the project site developed by the County as part of the project 
geotechnical investigation 

 King County’s most current design for the setback levee and removal of the existing 
left bank levee (facing downstream) along the White River within the project site 

The general design objectives for the ELSs include the following: 

 Design the ELSs to maintain stability throughout the design flow of 15,500 cfs (which 
roughly corresponds to the peak 100-year flow event) and for the anticipated future 
conditions based on hydraulic modeling results for scenarios S1d (future, most-
probable conditions after construction) and S2b (future, “worst-case” avulsion 
conditions after construction). The combination of these conditions represents the 
design flow event for the ELSs. 

 Deflect flow away from and reduce the angle of flow into the biorevetment structure 
and setback levee 

 Encourage channel complexity and side channel formation 

 Provide habitat for aquatic and terrestrial animal species 

 Provide a stable foundation to retain accumulations of naturally occurring large wood 
that are transported into, or recruited from, the setback area 

 Increase floodplain hydraulic roughness 

 Minimize construction disturbance within and adjacent to the large wetland within the 
project area 
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Structure Descriptions 
Five ELS types are proposed for this project: large apex ELJs, small apex ELJs, bank deflector 
ELJs, a continuous biorevetment structure (hereafter referred to as the biorevetment), and 
floodplain roughening structures (which include a subset of three structure types). A large 
apex ELJ is a robust engineered structure constructed in a primary flow path of a channel to 
deflect and/or split flow. It resembles a natural, stable accumulation of large logs with a 
large gravel bar immediately behind the logs on the downstream side. A small apex ELJ is 
similar to a large apex ELJ in form and function but has a smaller footprint. A bank deflector 
ELJ is similar in size and design to a large apex ELJ except the structure is constructed into a 
channel bank to mimic a natural, stable accumulation of large logs along a channel bank. 

The proposed biorevetment is somewhat unique in its configuration for this project and is 
not a typical log structure form found in nature. Its closest analog in nature is a meander jam 
formed along the outside bank of a river meander. The biorevetment will consist of multiple 
ELSs (units) constructed end-to-end to create a long and semi-continuous, roughened wall. 
Each unit will measure 40 feet long and consist of 4 piles and 10 logs arranged to deflect 
flow away from the bank. Segments of the biorevetment will be constructed in a “shingled” 
manner such that the upstream segment protrudes from the bank and overlaps with the 
downstream segment of biorevetment for purposes of deflecting flow away from the bank 
(Figure 1). The biorevetment will also serve to inhibit high velocity flows from becoming fixed 
in position along the setback levee, thus protecting the levee from erosion over the long 
term, while also creating pools and cover for salmonids. 

The proposed floodplain roughening features consist of small log structures constructed 
on the upstream faces of earthen berms (hummocks) that will extend from the toe of the 
setback levee across the wetland buffer to the biorevetment. The floodplain roughening 
structures will consist of multiple, small log clusters. Numerous live cottonwood boles will 
also be installed on the berms to accelerate native plant recolonization. These structures will 
increase overall floodplain hydraulic roughness to reduce flow velocities, while also enhancing 
local aquatic habitat characteristics. 

All five ELS types vary in size and complexity, and they are all engineered to resist hydraulic 
forces from impending flow and the buoyant forces on the wood material when the structures 
are submerged. All ELS types, except the floodplain roughening structures, consist of a matrix 
of multiple layers of interlocking and horizontally oriented large “key” logs (with and without 
attached rootwads) that will be secured in place by vertical timber piles embedded well 
below the anticipated scour depth and by ballast material placed over and around the key 
logs within the interior core of the structure. Log ballast material includes bank and channel 
alluvium derived locally from excavations during ELS construction. For the ELJ structures, log 
ballast material will include river alluvium removed from the existing levee. The key logs will 
protrude from the waterward face of the structure and function to secure racking and slash 
material (described below), to accumulate naturally occurring wood , and to deflect flow 
around the waterward sides of the structure. 

The structural stability and resistance of the apex ELJs, bank deflector ELJs, and biorevetment 
to hydraulic forces during the design flow event will be achieved with the use of timber piles. 
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For each of these structures, multiple timber piles will be embedded vertically below the 
channel bed and will extend above the top of the structure. The piles, which serve as the 
structural foundation of the ELSs, are designed to resist lateral forces, provide an anchored 
network for securing the horizontal key logs, and provide a stable framework to allow the 
structure to settle while maintaining the general architecture of the as-built condition. 
Horizontal key logs extending waterward from the structure’s interior will be pinned against 
the piles to transfer hydraulic forces from them to the piles. The combination of the piles 
and the key logs serve to resist lateral and uplift (buoyant) forces, provide large-scale 
hydraulic roughness, catch floating woody debris for greater structure roughness and habitat 
complexity, secure slash and racking material that reduces the potential for piping of smaller 
sized ballast material from the structure’s interior core, and provide cribbing around the 
exterior of the structure to retain the ballast material. 

For the apex ELJs, bank deflector ELJs, and biorevetment, racked wood material of smaller 
diameter than the key logs will comprise the upstream and waterward external faces of the 
structures, giving them the appearance of a natural tangle of densely packed logs. The 
racking material functions to reduce piping of ballast materials from the interior of the 
structure, which if it occurs, may affect the stability of the structure. The racking material 
also absorbs the erosive forces of the impinging flow before it contacts the interior ballast 
material. 

For the apex ELJs, bank deflector ELJs, and biorevetment, layers of wood slash (small 
branches, limbs, and twigs) will be placed around the outside periphery of the structure at the 
interface of the interior ballast material and the exterior piles, key logs, and racking material. 
Slash will be placed with every layer of key logs and racking to fill voids between the racking, 
key logs, and piles. Slash acts as a curtain between the interior ballast material and the 
exposed key logs to keep the ballast intact by significantly limiting water piping into and 
through the structures until vegetation cover and associated root cohesion are established, 
extending from the planted areas on top and along the periphery of the structure. Racking and 
slash material is not proposed for the floodplain roughening because those structures are only 
intended to provide an increase in surface roughness and minor flow deflection in relatively 
low flow velocity areas. 

A key consideration in the design of the ELSs is the type and size of wood members to 
incorporate. The longevity of the piles, key logs, and racking logs largely depends on 
the diameter of the log, the tree species from which it is derived (as related to inherent 
strength and decay rate), and surrounding moisture conditions. In general, logs derived from 
coniferous trees will resist decay for longer periods than logs derived from deciduous trees. 
For key logs, Western redcedar (Thuja plicata) and Douglas-fir (Pseudotsuga menziesii) have 
relatively high longevity in comparison to other Pacific Northwest coniferous tree species and 
are therefore desirable species for key logs and racking logs to maximize their design life. 
Western redcedar logs have the highest resistance to decay. With the exception of the piles, 
the wood pieces that are inundated most or all of the time at the base of a structure will be 
much more resistant to decay than wood members that experience wet and dry cycles at 
higher elevation (above seasonal flooding) in the structure. During construction, attempts 
should be made to preferentially incorporate Western red cedar key logs at and above the low 
flow waterline, with Douglas-fir logs placed below the elevation where wetting and drying 
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typically occurs. Piles will be unused, untreated Pacific coast Douglas-fir round timber piles 
and will conform to ASTM D-25, which is the standard specification for tapered round timber 
piles. 

A large quantity of red alder (Alnus rubra) and black cottonwood (Populus trichocarpa) 
trees will be removed as part of the levee removal and setback work. These species are 
relatively more decay-prone than Pacific Northwest coniferous tree species, but they may be 
incorporated into the structures as racking material. Up to 50 percent of the racking material 
composed of deciduous tree species is strategically allowed on the face of the completed 
structures because it is expected that natural wood recruitment will replace the decayed 
racking material over time. 

Based on six test pits and three “scrapings” completed by King County (King County 2012), the 
existing levee prism generally consists of White River dredge spoils. These spoils primarily 
consist of well-graded gravel with numerous cobble and occasional boulders. This material is 
suitable for use as log ballast material placed in the interior core of the apex ELJs and bank 
deflector ELJs because it is large enough to be retained within the structure by the key logs, 
racking logs, and slash material. Spoils locally excavated at the ELJ sites may contain fine-
grained, saturated wetland soils. These soils are not suitable for ballast, as they can easily 
flow or be eroded out of the structure; however, they can be placed around the periphery of 
the large gravel bars following placement of the levee spoils and are suitable for supporting 
vegetation growth atop the structures. Topsoil and mulch will be placed over the top of 
the log ballast material in the apex and bank deflector ELJs, which will then be planted 
with native trees and shrubs to provide root cohesion for additional long-term erosion 
protection and associated stability. Log ballast material for the biorevetment and floodplain 
roughening will consist of locally excavated floodplain soils. A small number of the “shingled” 
biorevetment structures (described below) will incorporate levee spoils for log ballast. If 
needed to sustain new plantings over the biorevetment, the top 12 inches of backfill material 
will be amended by tilling in fine compost prior to native plant installation. 

Small Apex ELJ Structure 
Three small apex ELJs (ELJs 1, 2, and 3; see drawing sheets WS1, WD3, and WD4 in 
Attachment A) will be constructed in the wetted portion of the north end of the wetland 
near the upstream terminus of the levee removal extents (Figure 1). To avoid impeding flow 
into the wetland and to provide sufficient sight distance for recreational users, the ELJs will 
be located approximately 300 to 550 feet downstream of the new floodplain inlet, within the 
middle of a relic channel aligned through the wetland. The primary function of ELJs 1, 2, 
and 3 is to enhance aquatic and riparian habitat by directly interacting with flow as it enters 
the relic channel from the northwest and by splitting flow into multiple channels, thereby 
creating a diversity of channel complexes that will encourage gravel bar and mid-channel 
island formation. The spacing between the small apex ELJs varies from approximately 100 to 
200 feet and is set to limit the width of the channel that could develop between them. As 
flow enters the relic channel and engages the upstream-most ELJs (ELJs 1 and 2), flow will 
likely split into three separate channels. Flow that passes between ELJs 1 and 2 will then 
engage ELJ 3, causing it to either split or be deflected to either side of ELJ 3, where it may 
coalesce with flow that has split around the outside of ELJs 1 and 2, or continue downstream 
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as a separate channel toward the biorevetment. Other functions of ELJs 1, 2, and 3 are to 
diffuse flow energy as it approaches the downstream biorevetment, provide large-scale 
hydraulic roughness within the wetland to slow flow velocities, provide pool habitat and 
substrate for benthic communities, and provide opportunities to retain and stabilize naturally 
occurring large wood transported into or recruited from the setback area. 

The wooded face of ELJs 1, 2, and 3 will be approximately 16 feet tall and 55 feet wide, 
with a gravel bar over 40 feet long constructed on the downstream side of the structure. 
The tops of the ELJs will protrude approximately 1 to 3 feet above the highest predicted 
100-year flood elevations occurring within the setback area over the life of the project. These 
structure heights are based on results of the project hydraulic modeling for the various post-
construction scenarios (Herrera 2012). ELJs 1, 2, and 3 will each be anchored with 13 timber 
piles embedded 30 feet below the existing channel grade at the location of each ELJ. As 
described later in this memorandum, that depth is determined to be sufficient to resist 
displacement of a pile due to scour during the design flood event. Flow will likely engage 
ELJs 1, 2, and 3 from either directly upstream (i.e., perpendicular to the upstream face) or 
from some slight oblique angle; therefore, the wooded face of these ELJs will accommodate 
approximately 110 degrees of possible angle of flow. 

Large Apex ELJ Structure 
One large apex ELJ (ELJ 4, see Figure 1 and drawing sheets WS2, WD1, and WD2 in 
Attachment A) will be constructed in the wetted portion of the wetland approximately 
80 feet downstream and to the southwest of the upstream-most bank deflector ELJ (ELJ 5, 
see Figure 1 and drawing sheet WS2 in Attachment A). The primary function of ELJ 4 will be 
to interact with flow that is deflected away from the biorevetment and setback levee by 
ELJ 5, and deflect this flow westward into the interior of the wetland and away from the 
biorevetment and setback levee. The spacing between ELJs 4 and 5 is set at approximately 
75 feet to limit the width of a channel that could develop between them so that if the entire 
mainstem river channel flow eventually occupies the wetland, only one-third to one-half of 
the flow would pass between ELJs 4 and 5, with the remainder of flow deflected away from 
the setback levee. Other functions of ELJ 4 are to provide a natural, erosion-resistant hard 
point within the wetland to diffuse flow energy, reduce the likelihood of flows becoming 
fixed along the left (east) bank of the wetland, split flows to create multiple complex 
channels that enhance aquatic habitat, provide large-scale hydraulic roughness to reduce flow 
velocities within the wetland, encourage new side channel formation within the setback area, 
provide pool habitat and substrate for benthic communities, and provide opportunities to 
retain and stabilize naturally occurring large wood transported into or recruited from the 
setback area. 

The wooded face of ELJ 4 will be approximately 17 feet tall, 90 feet wide, and 40 feet long, 
and there will be a 50- to 55-foot-long gravel bar constructed downstream of the structure. 
The top of the ELJ will protrude approximately 1 to 2 feet above the highest predicted 
100-year flood elevation occurring within the setback area after construction as determined 
by the results of the hydraulic modeling for the various geomorphic response scenarios 
(Herrera 2012). ELJ 4 will be anchored with 28 timber piles embedded 38 feet below the 
bottom of the structure. As described later in this memorandum, that depth is determined to 
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be sufficient to resist displacement of a pile due to scour from larger flood events. Given 
the high variability in the direction of flow ELJ 4 may encounter from upstream, the wooded 
face of the structure will accommodate approximately 180 degrees of possible angle of flow 
to maximize effectiveness in influencing flow and to help protect the structure’s backfill 
material from erosion. However, erosion of some of the backfill material is possible given 
the structure’s exposure to erosive flows originating from many directions. Therefore, the 
key logs will be fastened to the piles using high strength galvanized steel cable or chain to 
prevent the structure from destabilizing if some of the structure’s backfill material is eroded. 
This is necessary to ensure the architecture and function of this critical structure remains 
intact. 

Bank Deflector ELJ Structure 
Four bank deflector ELJs (ELJs 5, 6, 7, and 8; see Figure 1 and drawing sheets WS2, WD5, 
and WD6 in Attachment A) will be constructed between units of the biorevetment. ELJ 5 
(described above under Large Apex ELJ Structure) will be constructed along the eastern edge 
of the wetland, upstream of ELJ 4 at a location along the bank that protrudes slightly into the 
wetland. ELJs 6, 7, and 8 will be constructed immediately adjacent to the east-west oriented 
segment of the setback levee (approximately 1,500 feet south of the King County/Pierce 
County boundary line) and will be spaced approximately 200 feet apart. The primary function 
of ELJ 5 is to deflect flow away from the setback levee and into ELJ 4, which further deflects 
flow away from the setback levee. The primary function of ELJs 6, 7, and 8 is to deflect flow 
away from the setback levee and back towards the middle of the wetland, thereby precluding 
flow from becoming fixed in position along the levee and biorevetment, and buffering the 
levee from erosive flow conditions. Other functions of ELJs 5, 6, 7, and 8 are to retain wood 
in their stable jam formations and allow for the retention of naturally occurring wood, that is 
transported past the upstream ELJs, provide large scale hydraulic roughness to reduce flow 
velocities and encourage sediment deposition in the wetland, provide habitat by creating 
pools, provide substrate for benthic communities, and provide a foundation for riparian 
vegetation growth. 

Each bank deflector ELJ will be composed of two individual structures: a main structure and 
a side structure. The main structure will be approximately 82 feet long along its waterward 
face and will be positioned between adjoining biorevetment structures on the upstream and 
downstream sides (upstream side only for ELJ 5). The wooded face of the main structure will 
be approximately 18 to 19 feet tall, with the lower half of the main structure being the same 
height as the adjoining biorevetment structure. The side structure will be positioned between 
the side-slope of the setback levee and the upstream side of the main structure, and will be 
constructed over the top of the upstream adjoining biorevetment such that the side structure 
and the upper half of the main structure are at the same elevation. The top of the ELJ will 
protrude approximately 2 to 3 feet above the highest predicted 100-year flood elevation 
occurring within the setback area after construction as determined by the results of the 
hydraulic modeling for the various geomorphic response scenarios (Herrera 2012). Backfill 
material will extend from the piles to the waterward face of the levee. Each main structure 
will be anchored with 27 piles embedded 28 feet below the bottom of the structure. Each side 
structure will be anchored with three to four piles (depending on the structure) embedded  
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15 feet below the top of the adjoining biorevetment. As described later in this memorandum, 
these pile embedment depths were determined to be sufficient to resist displacement of a pile 
due to scour during the design flood event. 

Biorevetment Structure 
The biorevetment will be constructed along the entire length of the western edge of the 
terrace bordering the floodplain/wetland area (see Figure 1 and drawing sheets SP1-SP3, 
WD7, and WD8 in Attachment A). The primary function of the biorevetment is to maintain 
a permanent hydraulic barrier to channel migration between the existing wetland boundary 
and the setback levee. The surface roughness of the structure will reduce flow velocities and 
channel shear stresses along the bank, prevent erosive flow from contacting the setback 
levee, and prevent channel migration into the riparian buffer toward the setback levee. The 
biorevetment will be composed of multiple, 40-foot-long, 10-foot-tall structures anchored 
with four timber piles each, embedded 30 feet below the bottom of the structure. As 
described later in this memorandum, that depth is determined to be sufficient to resist 
displacement of a pile due to scour during the design flood event. The orientation of the 
key logs in each structure will form an irregular face that deflects flow away from the bank 
and inhibits flow from becoming fixed along the bank. The biorevetment will also provide 
opportunities to accumulate naturally occurring large wood during floods, which would 
further deflect flows away from the bank. Additional naturally occurring wood accumulations 
in proximity to these structures will enhance their function to buffer erosive flows. 

Much of the biorevetment is aligned outside of the wetland boundary and, to the extent 
possible, will be constructed outside of wet areas to minimize temporary construction 
impacts to the wetland, minimize the placement of permanent fill in the wetland, and 
to simplify construction. Several mature black cottonwood trees, cheery trees, red alder 
trees and Douglas-fir trees are located along the top of the wetland edge where the 
biorevetment will be constructed. To preserve most of these trees and to prevent damage 
during construction, approximately nine biorevetment structures will be positioned in the 
wetland, waterward of the trees. The next downstream biorevetment structure will then 
be positioned well into the bank on the opposite side of the tree. This configuration of 
“shingling” the biorevetment units will provide continuous bank protection while preserving 
and minimizing disturbance to these mature trees. 

Floodplain Roughening  
Floodplain roughening will be placed between the biorevetment and the setback levee (see 
Figure 1 and drawing sheets FR1, FR2, and WD9 in Attachment A). Earthen berms (hummocks) 
that are 4 feet tall and 20 to 40 feet wide will be aligned to deflect shallow floodplain flows 
back into the wetland. Three types of small wood clusters and live cottonwood boles will also 
be installed into the berms. The primary functions of the floodplain roughening are to deflect 
erosive flows away from the setback levee, reduce the likelihood of flows becoming trapped 
behind the biorevetment, and discourage concentrated flow on the floodplain surface that 
might compromise the setback levee or the biorevetment. Other functions include trapping 
small wood debris and providing riparian habitat diversity and complexity in the floodplain. 
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Design Calculations 
Design calculations must be completed to ensure the ELSs are stable during the design flow 
event. Specifically, the ELSs are designed to be stable against lateral forces resulting from 
hydraulic drag and earth surcharges (due to backfilling) when subjected to maximum possible 
scour and vertical buoyant forces and when the structure is submerged during the design 
flood event. Design calculations were completed for the ELSs to evaluate the maximum 
potential scour, hydraulic drag, earth surcharges, and buoyancy. Design calculations were also 
completed to evaluate the strength and stability of the timber piles for each ELS type when 
subjected to the maximum potential scour, hydraulic drag, and earth surcharge for the design 
flood event. These detailed calculations are included in Appendices B, C, and D. The results 
of the calculations and the design assumptions and criteria considered for the ELS design are 
summarized below.  

Design Assumptions and Criteria 
The following design assumptions and criteria were established to complete the design 
calculations: 

1. The pile analysis for the apex ELJs assumes a complete loss of backfill material from 
behind the piles such that the piles fully support the structure without earth pressures 
providing resistance to hydraulic drag forces. Implicit in this assumption is that the key 
logs are subjected to hydraulic drag and thus transfer the drag forces to the piles that 
they are in contact with. The weight of upper layer logs resting on lower layer logs 
increases the friction between them, which also helps to transfer drag forces from 
the horizontal key logs placed across the piles directly to the piles. In addition, 
backfill material placed to ballast the logs will be sloped away from the piles such 
that the piles do not act to retain the backfill material, and thus are not subjected 
to earth pressures from the backfill. In addition, the apex ELJs will potentially grow 
in size by accumulating naturally occurring large wood that is transported into the 
wetland/floodplain area, which will potentially increase the hydraulic drag on the 
structures as they grow. 

2. The pile analysis for the bank deflector ELJs assumes no loss of backfill material from 
behind the piles because the structures will be built into the side slope of the setback 
levee, and the piles are designed to retain the backfill material and are thus subjected 
to earth pressures. 

3. Pile stability for the apex ELJs and biorevetment was evaluated in accordance with the 
2005 National Design Specification (NDS) for Wood Construction Load and Resistance 
Factor Design (LRFD) standards for round timber piles (AWC 2005). 

4. Pile stability for the bank deflector ELJs was evaluated in accordance with the 2010 
American Association of State Highway and Transportation Officials LRFD Bridge Design 
Specifications (AASHTO 2010). 

5. The maximum flow depth and velocity predicted to occur within the wetland/ 
floodplain area during the design flood event was used to complete scour and pile 
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analyses. Flow data was based on results from the two-dimensional hydraulic modeling 
for various post-construction scenarios developed under Tasks 200.8 and 200.9 of this 
project (Herrera 2012). The proposed condition assumes a full mainstem avulsion into 
the wetland/floodplain area occurring at the north end of the wetland/floodplain area 
near the upstream terminus of the levee removal extents. Under these conditions all 
ELSs would be subjected to mainstem flow conditions. 

6. A minimum factor of safety (FS) value of 2.0 against structure buoyancy was used. 

7. Geotechnical data developed by King County (2012) was used as input data for the 
pile analysis and to refine the log structure designs (see County Line to A Street 
Recommended L-Pile Parameters in Attachment C). 

Scour Analysis 
Undermining of the ELSs due to erosion of the surrounding alluvium and structure backfill 
(i.e., scour) is a significant threat to long-term structure stability and performance. The 
structures are designed to engage fast-moving water, which will result in scour of at the base 
of the structures. If one or more of the structures is undermined by scour, displacement or 
fracturing of the piles and loosening of the logs attached to the piles could occur, triggering 
breakup of the structure mass and potential loss of structure performance. Thus, a scour 
analysis was completed to support determination of pile embedment depths that would 
prevent displacement or loss of piles in a scour event. 

The maximum probable scour depth that may occur at the ELJs and along the biorevetment 
when subjected to the design flood event was calculated. The large and small apex ELJs were 
evaluated for pier scour because they function similarly to bridge piers in that they will be 
located entirely within the wetted channel, they will cause flow to spilt around them, and 
they will develop scour holes around the waterward face similar in pattern to those that 
develop around bridge piers. The bank deflector ELJs and biorevetment were evaluated for 
abutment scour because these structures will be constructed into the channel banks and 
will be similar in geometry to, and function as bridge abutments; they will protrude into the 
channel from the bank with a large upstream-facing surface, and scour holes are expected 
to develop around the protruding portion of the structure similar in pattern to those that 
develop around bridge abutments. 

For each ELS type included in the scour analysis (i.e., apex and bank deflector ELJs and the 
biorevetment), multiple scour calculations were completed using industry standard pier and 
abutment scour equations to develop a range of probable scour depths. For each ELS type, 
the average scour depth was then considered in the pile analysis described below. The 
equations consider the following parameters to calculate scour: size and shape of the 
obstruction (i.e., the structure), obstructed and unobstructed channel width, flow depth 
and velocity at and upstream of the obstruction, the flow angle of approach at the structure 
location, median diameter of bed material (d50), the size of bed material for which 95 percent 
is smaller (d95), and various coefficients and correction factors that account for the structure 
porosity, shape, and location along a channel bend. Scour was calculated for the apex and 
bank deflector ELJs and the biorevetment using the highest velocity value simulated within 
the setback area based on results from the two-dimensional hydraulic modeling for various 
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post-construction scenarios (Herrera 2012). Typically, scour is calculated using an “approach 
velocity” value without an obstruction (i.e., an ELJ) present; however, all hydraulic modeling 
in the setback area was completed with the ELJs in place. Therefore, the highest velocity 
values occurring several hundred feet upstream and downstream of the ELJs in the setback 
were used to evaluate scour because they more closely mimicked flow conditions not 
influenced by the ELJs and would thus result in more realistic scour depths. 

Results of the scour analysis are summarized in Table 1. A detailed summary of the scour 
calculations including input parameters is included in Attachment B. The average scour values 
reported in Table 1 were used in the pile analysis described below. 

Table 1. Results of the Scour Analysis for the ELJs and Biorevetment For the Design 
Flood Event. 

Scour Equation 

Maximum 
Scour at Large 

Apex ELJ 
(ft) 

Maximum 
Scour at Small 

Apex ELJ 
(ft) 

Maximum 
Scour at Bank 
Deflector ELJ 

(ft) 

Maximum 
Scour at 

Biorevetment 
(ft) 

Johnson and Torrico (FHWA 2001) 24.5 24.3 N/A N/A 

Modified Froehlich (Fischenich and Landers 
2000) 

17.5 13.4 N/A N/A 

Simplified Chinese Equation (Chase and 
Holnbeck 2004) 

15.9 12.6 N/A N/A 

Modified Froehlich (FHWA 2001) N/A N/A 19.6 13.1 

Gill (1972) N/A N/A 14.8 11.4 

Liu (Liu et al. 1961) N/A N/A 19.2 12.2 

Average Maximum Probable Scour 
Estimated with Applicable Equations 

(rounded to nearest foot) 

19 17 18 12 

N/A – not applicable 
 

Pile Analysis 
The timber piles for the ELSs are engineered to resist failure in bending and shear due to 
lateral loads while subjected to the maximum probable scour. Lateral loads include hydraulic 
drag forces applied to the structure due to the flow impinging on the structure, or earth 
pressure loads due to backfilling the structure up against the piles. Both of these load types 
will be transferred to the piles so that the piles provide the primary means of stability and 
resistance to the forces. 

Apex ELJs and Biorevetment 
Determining the necessary number of piles and their embedment depth to support the apex 
ELJs and the biorevetment during the design flow event required a pile analysis using a three-
step process. The steps included the following: 

 Step 1 - Calculate the hydraulic drag force applied to the structure. 
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 Step 2 - Calculate the bending moment and shear forces on the piles based on the 
calculated hydraulic drag force using the industry standard program LPile, with inputs 
that included an assumed pile diameter, taper, length, and embedment depth; the 
calculated maximum scour depth (see Table 1); and subsurface geotechnical data 
provided by King County (2012) (LPile parameters). 

 Step 3 - Use the results from the LPile analysis to complete calculations to determine 
the ratio of factored resistance to factored load for bending and shear stresses based 
on the 2005 National Design Specification (NDS) for Wood Construction Load and 
Resistance Factor Design (LRFD) standards for round timber piles (AWC 2005). 

If any of the ratios calculated in Step 3 for the apex ELJs and the biorevetment were less 
than 1.0, then Steps 1 through 3 were completed again by either increasing the number of 
piles per structure (to reduce the unit force applied to each pile) or by increasing the pile 
embedment depth. This process was iteratively completed until the ratio was equal to or 
greater than 1.0. Results of the pile analysis for the apex ELJs and the biorevetment are 
summarized in Table 2 below. Detailed input and output data for the pile analysis are 
included in Attachment C. 

The timber piles supporting the apex ELJs and the biorevetment are engineered to resist the 
hydraulic drag forces applied to the structure during the design flow. Drag forces were 
calculated using the standard hydraulic drag equation: 

FD=CD*AD*(ρ*V100
2/2) 

Where: FD = the force due to hydraulic drag that is transferred to the piles 

 CD = the coefficient of drag on the structure (apex ELJs) or logs (biorevetment) 

 AD = the upstream projected surface area of the structure that is subjected to 
flow 

 ρ = the density of water 

 V100 = highest flow velocity simulated within the setback floodplain area near the 
structures during the 100-year recurrence flood based on results from the 
two-dimensional hydraulic modeling for various post construction scenarios. 
This is also the same velocity value used to calculate the maximum 
probable scour reported in Table 1. 

For the apex ELJs, AD was calculated based on the maximum modeled flow depth near the 
structures during the design flood event. For the purposes of calculating drag forces for the 
biorevetment, the direction of flow was assumed to be parallel to the structure (i.e., parallel 
to the bank) and to overtop the structure; therefore, only the area of the logs projecting 
from the bank beyond each pile was considered when calculating AD. Details of the hydraulic 
drag calculations for the apex ELJs and biorevetment are included in Attachment C. Drag 
forces were assumed to be transferred to and distributed uniformly to all piles in the 
structure. Drag forces used to develop unit drag forces per pile (for use in LPile) were 
assumed to be point loads applied at a height equal to 60 percent of the flow depth at the 
structure before scour occurs, which is the distance above the channel bed where the average 
flow velocity occurs. 
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To complete bending moment and shear force calculations for the apex ELJs and 
biorevetment, the LPile program required inputs for the subsurface conditions representative 
of where the piles will be installed, regardless of how they are installed. King County 
provided geotechnical data developed specifically for inputting into LPile, which is included 
in Attachment C. Specifically, King County developed LPile input parameters for subsurface 
conditions based on three test borings completed as part of the geotechnical investigation for 
this project (King County 2012). LPile parameters were developed based on borings KCB-7, 
KCB-13, and KCB-15. King County used boring KCB-7 to develop conservative LPile parameters 
that are assumed to be representative of soil profile conditions along the biorevetment 
alignment. In general, boring KCB-7 indicated underlying soils consisting of layers of loose 
to medium dense sand, silt, and soft peat/clay to a depth of about 28 feet below ground 
surface (bgs). Below 28 feet, medium dense sand with silt was generally encountered to the 
termination depth of the boring at 61.5 feet bgs. King County used boring KCB-13 to develop 
conservative LPile parameters that are representative of the soil profile conditions within 
the wetland where the apex and bank deflector ELJs will be located. In general, KCB-13 
indicated underlying soils consisting of very loose to loose sand to about 8 to 10 feet bgs, 
followed by layers of medium dense to dense poorly graded sand with silt, and gravel with 
sand and scattered cobble to about 40 feet bgs. Below 40 feet bgs, layers of medium dense to 
dense sand with silt and silty sand were encountered to the termination of the boring at 
66.5 feet bgs. King County used KCB-15 to develop conservative LPile parameters that are 
representative of the soil profile conditions along the existing levee; however, these 
parameters were not used in LPile because no ELSs will be located along or near the existing 
levee. 

For the apex ELJs and biorevetment, the 2005 NDS LRFD design standards and adjustment 
factors for Pacific coast Douglas fir round timber piles were used to calculate factored 
resistances of the piles (i.e., the pile’s ultimate capacity to resist an applied load). Outputs 
from the LPile analysis used to calculate the factored resistance of the pile to bending 
moments and shear forces included the maximum bending moment, the applied shear force 
(i.e., the unit drag force per pile), and the vertical distance below the pile head (i.e., where 
the unit shear force is assumed to be applied) to where the maximum bending moment 
occurs. These values were used to calculate actual bending and shear stresses in the pile. 
These stresses were then multiplied by the appropriate adjustment (resistance) factors 
to determine a conservative bending or shear stress value that the pile could resist. 
The adjustment factors consider the load type (bending or shear), duration of the load, 
temperature, pile treatment and size, and pile clustering. The actual calculated bending and 
shear stresses were also multiplied by a hydraulic load factor of 1.0 per American Association 
of State Highway and Transportation Officials (AASHTO) 2010 recommendations. These 
factored resistances were then compared to the factored loads. If the ratio was equal to or 
greater than 1.0 for the apex ELJs and the biorevetment, then the pile design was considered 
adequate to support the anticipated unit drag force. Results of the pile analysis for the apex 
ELJs and the biorevetment are summarized in Table 2. Detailed input and output data for the 
pile analysis are included in Attachment C. 
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Bank Deflector ELJs 
The timber piles supporting the bank deflector ELJs are designed to resist the earth pressures 
created by the log ballast material placed behind the piles rather than the hydraulic drag 
forces applied to the structures. CivilTech Engineering (CivilTech, as subconsultant to 
Herrera) completed the pile analysis for the bank deflector ELJs. During CivilTech’s analysis, 
they discovered the earth pressures would be far greater than the hydraulic drag forces on 
these structures. As a result, the piles were designed to resist the bending and shear stresses 
imposed on the pile from the deflector ELJ structure backfill. CivilTech’s pile analysis 
was performed in accordance with AASHTO Bridge Design Specifications (AASHTO 2010) for a 
Strength 1 load case with maximum scour (100-year flood event), which includes guidelines 
for applying various load and resistance factors to the pile analysis for this design condition. 
Geotechnical parameters were taken from, or developed based upon, King County’s 
geotechnical data (King County 2012). CivilTech’s analysis was based on the following 
assumptions: 

 The maximum probable scour of 18 feet will occur at each pile. 

 The horizontal key logs extending into the backfill, by virtue of how they are 
interlocked with the horizontal logs placed between piles, will act as soil anchors to 
provide resistance to the earth pressures. 

 The structure’s backfill material will be compacted to 90 percent dry density. 

 Backfill will consist of poorly graded gravel and sand as reported in geotechnical 
boring KCB-15 (typical levee spoils). 

The results of CivilTech’s pile analysis for the bank deflector ELJs are included in Table 2 
below. Detailed calculations of the pile analysis for the deflector ELJs are included in 
Attachment C. For this analysis, a ratio of factored resistance to factored load for bending 
stresses of 0.9 or greater for the bank deflector ELJs was considered acceptable for the 
following reasons: 

1. Maximum scour is not anticipated to occur along the entire length of the bank 
deflector ELJs or at every pile; therefore, some redistribution of the load from piles 
with more scour to neighboring piles with less scour will occur. This load redistribution 
was conservatively omitted from the calculations. 

2. Using the LRFD methodology, the load factor for lateral earth pressure is 1.5 and the 
passive pressure is divided by 1.33, which results in a safety factor of 2.0 on stresses 
and stability of the bank deflector. This is very conservative, given the 100-year flood 
event load case. 

3. The ratio of factored shear resistance to factored shear load is greater than 1.0. In 
addition, the overall stability of the structure has a ratio greater than 1.0. The failure 
mode of the structure, which is similar to a timber cribbing retaining wall type 
structure, is typically due to instability or shear failure. Since both ratios are greater 
than 1.0, the structure was deemed stable for the load case. 
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4. The soil-structure interaction is conservatively not accounted for in the analysis by not 
accounting for the stiffness of the soil. If the soil-structure interaction calculations 
were included in the analysis, the calculated moment and shear due to lateral earth 
pressures on the pile would be lower. This is because the stiffness of the soil combined 
with the stiffness of the piles will significantly increase the stiffness of the entire 
structure. The combined soil-pile stiffness is expected to result in less deflection than 
calculated. 

Table 2. Results of the Pile Analysis for the ELJs and Biorevetment for the Design 
Flood and Scour Event. 

Pile Design Component 

Ratio of Factored Resistance to Factored Load 

Large 
Apex ELJ 

Small 
Apex ELJ Bank Deflector ELJ Biorevetment 

Minimum Requirement for Bending and Shear 1.0 1.0 0.9 (Main Structure) 
1.00 (Side Structure 

1.0 

Calculated Ratio for Bending 1.23 1.46 0.92 (Main Structure) 
3.80 (Side Structure 

1.02 

Calculated Ratio for Shear 12.94 12.89 1.67 (Main Structure) 
7.96 (Side Structure) 

6.28 

                Pile Design Requirements 

Number of Piles Per ELS 28 13 27 (Main Structure) 
4 (Side Structure) 

4 

Pile Embedment Depth Below Existing Channel 
Grade 

38 feet 30 feet 28 feet 30 feet 

 

Buoyancy Analysis 
Logs placed in an ELS become buoyant when exposed portions of the logs are inundated and 
when water infiltrates into the interior core of the structure and saturates the log ballast 
material surrounding the embedded portion of the logs. Logs that are adequately ballasted 
will resist the buoyant forces that could otherwise act to destabilize the structure. To 
determine the minimum depth of ballast needed to resist buoyant forces on a submerged 
structure (with an FS value of 2.0), a buoyancy analysis was completed for each structure 
type. Structure buoyant forces were calculated by determining a resultant upward vertical 
force on all submerged key logs and racking logs, a resultant downward vertical force caused 
by the weight of the key logs and racking logs, and a resultant downward force caused by the 
ballast placed over the key logs within the interior core of the structure. The calculations 
were performed assuming all key logs and racking logs in a structure are submerged, and 
that the wood is unsaturated (dry) with a specific weight equal to approximately one-half of 
water. This conservatively simulates the condition of the wood when it is initially placed in 
the structure. Over time, much of the wood within the structure will become saturated, 
thereby increasing each log’s specific weight and increasing its overall weight and resistance 
to buoyancy. Therefore, over time, the FS value against buoyancy should increase above 2.0, 
assuming no loss of ballast over the key logs. 
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“Green” (partially saturated) logs generally have a specific weight of a few pounds per 
cubic feet more than unsaturated (dry) wood; therefore, the actual factor of safety against 
buoyancy resulting from using green logs in the structure would be slightly greater than 
2.0 immediately following installation. Even though the upper level logs may become dry 
following installation, over time the overall structure factor of safety against buoyancy will 
generally increase as the lower level logs become fully saturated and their specific weight 
eventually exceeds that of water due to continual submergence. To be further conservative, 
the buoyancy analysis did not account for future vegetation growth atop the structure that 
would add to the ballasting weight, and thus also counteract buoyancy. 

Results of the buoyancy analysis are summarized in Table 3 below. A detailed summary of 
the buoyancy calculations including input parameters is included in Attachment D. The values 
provided in Table 3 are the minimum depths of ballast that need to be placed over the 
exposed portion of the buried key logs in plan view. Small wedges of ballast located between 
superimposed logs are not accounted for in the buoyancy analysis, but will act to increase the 
FS value above 2.0. 

Table 3. Results of the ELS Buoyancy Analysis 

ELS Type 
Minimum Depth (feet) of Log Ballast Needed to Resist 

Buoyancy for a FS = 2.0 

Large Apex ELJ 4.6 

Small Apex ELJ 3.5 

Bank Deflector ELJ 4.0 

Biorevetment 4.5 

Floodplain Roughening Types 1, 2 and 3 3.0 

 

Pile Pullout and Cable/Chain Strength Analysis 
Key logs for the large apex ELJ will be fastened to the piles using 1/2-inch diameter high 
strength galvanized steel cable or 3/8-inch diameter hot-dipped galvanized grade 43 steel 
chain to prevent the structure from destabilizing if the backfill material is completely or 
partially eroded. The cable or chain will be protected from crushing and abrasion by the key 
logs protruding waterward from the piles and by the racking logs and slash. The galvanized 
coating is recommended for wet and corrosive environments to maximize its service life and 
to protect the cable or chain from oxidation. Most of the cable or chain will be used to fasten 
the upper two layers of logs (layers 6 and 7 of sheet WD2, Attachment A) and will not be 
submerged except only temporarily during extremely large floods and will thereby reduce the 
likelihood of the cable or chain corroding. 

By fastening the key logs to the piles, the structure’s buoyant forces are thus transferred 
to the piles. Therefore, the friction between the embedded portion of the piles and the 
surrounding earth must be great enough to resist the pullout forces exerted on the piles when 
the structure is submerged. The pullout capacity of the piles was calculated to determine 
how many piles must be fastened to fully resist the buoyant force of the structure when it 
is fully submerged with a FS value of 3.0, which is the FS value generally applied in pile 
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foundation design when determining a pile’s pullout capacity because of the variability in 
subsurface conditions and pile installation. The results are provided in Table 4. Detailed 
calculations are included in Attachment C. The result of this calculation indicated that a 
minimum of 16 of the 28 piles in the large apex ELJ must be fastened with cable to achieve 
the minimum FS value of 3.0. The calculation was conservatively completed assuming a 
minimum pile embedment depth for each pile due to scour at all piles. As scour reduces the 
pile embedment depth increases, which increases the pile friction surface and the factor of 
safety. Given the unique configuration of the key logs and piles in the large apex ELJ, 26 of 
the 28 piles will be fastened to provide a consistent level of protection against the structure 
from destabilizing if some of the ballast is eroded. Doing so also increases the FS value for 
pullout resistance. 

Table 4. Results of the Pile Pullout Analysis for the Large Apex ELJ. 

ELS Type 
Minimum Number of Piles to be Fastened to Resist Maximum 

Structure Buoyancy for a FS = 3.0 

Large Apex ELJ 16 

 
Calculations were completed to ensure the cable or chain fastening the key logs to the piles 
will be strong enough to resist failure when transferring the structure’s buoyant forces to the 
piles with a minimum FS of 2.0 for cable or chain failure. The calculations were completed 
assuming the structure buoyant force (the same buoyant force used in the pile pullout 
analysis) is uniformly distributed to each pile that will be fastened and to each lashing (if 
multiple lashings are necessary), that the cable or chain is lashed using a “saddle” lash with 
four loaded lengths per lashing, and that the cable breaking strength is reduced by 25 percent 
due to splices. No strength reduction was assumed for the chain because the strength of the 
connective hardware will be equal to or greater than the chain. The results of the calculations 
are provided in Table 5. Detailed calculations are included in Attachment C. The results of 
these calculations indicate that the FS value for cable failure using 1/2-inch diameter cable 
is 10.4, which is well above the minimum FS value of 2.0 required. The FS value for chain 
failure using 3/8-inch diameter chain is also calculated to be 10.4. Therefore, the breaking 
strength of each lashing will be at least 10.4 times greater than the maximum load applied to 
the lashing when the maximum buoyant force is transferred from the key logs to the piles. 

Table 5. Results of the Cable/Chain Strength Analysis for the Large Apex ELJ. 

Cable/Chain Breaking Strength 
(pounds) Cable/Chain Type and Size 

Number of Piles 
to be Fastened 

Calculated FS 
Value 

Cable: 26,600 Cable: IWRC, 6x19 galvanized 
EIPS,1/2-inch diameter 

26 10.4 

Chain: 20,000 Chain: 3/8-inch diameter, grade 43, 
hot-dipped galvanized 

26 10.4 
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CCONSTRUCTABILITY ISSUES AND OTHER ANALYSES 
The following discussion focuses on timber pile installation considerations and implications 
on ELJ stability due to the potential for the structures to grow in size via accumulations of 
naturally occurring large wood transported into the wetland/floodplain area. 

Pile Installation 
King County completed a Wave Equation Analysis of Pile driving (WEAP analysis) to assess 
pile driving feasibility for the biorevetment and apex ELJs (Attachment E). The analysis was 
completed to determine if the timber piles could be installed by traditional pile driving 
methods without overstressing the piles, or if alternative methods (i.e., pre-drilling with or 
without temporary casings) or pile types (i.e., steel H-piles) would be required to anchor the 
structures if the analysis showed that piles could be overstressed during driving operations. 
This analysis included completing a pile static capacity analysis for borings KCB-1 through 
KCB-12 to identify critical borings for pile driving that represented soil conditions along 
the setback levee and biorevetment and along the existing levee, then completing a WEAP 
analysis to evaluate stresses in the piles during driving operations using the subsurface 
conditions based on two critical borings. Boring KCB-5 was chosen as the critical boring for 
the biorevetment because it was located along the left bank of the setback area within 
the footprint of the proposed biorevetment. Boring KCB-11 was chosen as the other critical 
boring for the apex and bank deflector ELJs because it represents the most conservative (i.e., 
difficult constructability) conditions that could potentially be encountered when installing 
piles for these structures. 

Based on the results of King County’s WEAP analysis for KCB-5, it is expected that an 18-inch-
diameter tapered timber pile can be continually driven to depths between 25 and 45 feet 
below existing grade without overstressing the piles. Piles supporting the biorevetment 
are designed to be embedded 30 feet below the bottom of the structure, which roughly 
corresponds to the bottom of the wetland and not the top of the bank along the floodplain 
terrace; therefore, traditional pile driving methods are assumed to be applicable to the 
biorevetment design and are reflected in the cost estimate for biorevetment construction. 
Based on the results of King County’s WEAP analysis for KCB-11, an 18-inch-diameter tapered 
timber pile would likely be overstressed when attempting to drive to a 25-foot depth below 
existing grade due to the dense to very dense gravels and sands encountered in KCB-11. Thus, 
pre-drilling (prior to driving the pile) may be required in these soil conditions to reach design 
embedment depths beyond 25 feet below grade. Piles supporting the apex and bank deflector 
ELJs are designed to be embedded 28 to 38 feet below existing grade; therefore, pre-drilling 
is assumed to be necessary to install all the piles for these ELJs, and is reflected in the cost 
estimate for construction. 

King County’s WEAP analysis was completed before boring KCB-13 was completed. KCB-13 
is located within the wetland in the setback floodplain area; thus, its subsurface conditions 
are more likely representative of those anticipated to be encountered when installing 
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piles for the apex and bank deflector ELJs than KCB-11. Therefore, at Herrera’s request, 
subconsultant URS Corporation (who also assisted with geotechnical analysis of the setback 
levee) qualitatively assessed potential problems associated with driving timber piles for ELJs 
located within the wetland area based on KCB-13 and verified that pre-drilling would be a 
required and feasible means for pile installation (M. McCabe, Senior Geotechnical Engineer, 
URS Corporation, personal communication [email correspondence], November 9, 2012). Their 
assessment is summarized below. 

The log of boring KCB-13 shows an upper 7 feet of loose, silty sand followed by dense granular 
soils that ranged from silty sand to poorly graded gravel with numerous cobbles and occasional 
boulders in the depth range of interest. The N-values for the dense sands range from about 
25 to 56 blows per foot. In the gravel layer from 10 to 20 feet depth below grade, the N-values 
are from 30 to more than 100 blows per foot. While KCB-13 is the only boring drilled in the 
wetland, it is possible that the conditions found in that boring, or conditions possibly more 
unfavorable, could be found elsewhere in the wetland. 

The presence of the dense gravel layer with cobbles and occasional boulders in KCB-13 
represents a risk to successfully drive piles for the apex and bank deflector ELJs. Therefore, 
the following recommendations should be implemented to install piles for the apex and bank 
deflector ELJs: 

 The pile installation contractor should be prepared to pre-drill the pile location to 
within 2 feet of the planned tip elevation. The diameter of the pre-drill should be 
approximately the diameter of the timber pile tip or slightly larger. Pre-drilling at 
every pile location may not be necessary, but it will likely be required at enough 
locations (i.e., potentially 50 percent or more of the piles for each structure) that 
planning to pre-drill each pile is prudent. 

 The piles should have steel tips/points for protection during driving. Even with 
pre-drilling, cobbles may migrate back into the driving alignment and cause damage to 
the pile or increase the driving resistance to the point where reaching the intended 
embedment is not possible. 

If the piles cannot be driven to within 80 to 90 percent of their intended embedment, then 
the piles will need to be installed via casing and drilling whereby a shaft is drilled through the 
alluvium to the pile tip elevation using temporary steel telescoping casing, installing the pile 
into the shaft and then backfilling the shaft with spoils. An alternative to casing and drilling 
will be to install additional piles with a higher tip elevation to compensate for not reaching 
the intended embedment. The number of additional piles needed would be determined during 
construction on a case-by-case basis and would depend on how many piles do not reach the 
intended embedment and by how much. The construction budget for pile installation should 
have a contingency to account for the potential of requiring some casing and drilling and 
some additional piles installed. The contract plans and/or specifications should also include 
language stating that additional piles may be required or that piles shall be installed via 
casing and drilling if the intended embedment is not reached. 
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Analysis of Large Wood Accumulation on the Apex ELJs 
King County (2011) completed a large wood budget assessment to develop estimates of 
1) the transport of large wood into the setback floodplain area from upstream source areas, 
2) changes in large wood storage in the wetland/floodplain area following construction 
of the project, and 3) the potential recruitment and transport of large wood from the 
wetland/ floodplain area to river reaches downstream of the project site. The purpose of 
the assessment was to help guide the project team in evaluating project-related hazards and 
risks and to help guide the design of the various project components including the ELSs (King 
County 2011). The assessment was completed with the conservative assumption that the 
entire flow of the White River completely avulses into the wetland/floodplain area within 
the first year following construction and prior to establishment of floodplain vegetation. 
The results of hydraulic modeling for conditions immediately after construction indicate that 
approximately half of the 100-year peak flow (i.e., nearly 8,000 cfs) would enter the wetland 
area; therefore, the above assumption represents a conservative scenario in which large wood 
inputs to the wetland/floodplain area reaches the highest possible rate. 

Based on the results of the assessment, the White River will likely deliver a substantial 
quantity of large wood to the wetland area. Of relevance to the design of the ELSs is the 
effect on the structural stability of accumulations of additional naturally occurring large 
wood on the structures. Large wood transported into the wetland/floodplain area can 
reasonably be assumed to accumulate on any of the apex ELJs, as these structures are 
strategically positioned to intercept primary flow paths and are designed to capture, retain, 
and temporarily stabilize large wood as it accumulates on a structure. Results from King 
County’s large wood budget assessment indicate that roughly 80 percent of the large wood 
entering the project site will be less than 30 centimeters (cm) (12 inches) in diameter, with 
only 5 percent estimated to exceed 80 cm (31 inches) in diameter, and that one-third of the 
large wood will be 1 to 8 meters (3 to 25 feet) long, one-third will be 8 to 16 meters (25 to 
50 feet) long, and one-third will be 16 to 31 meters (50 to 100 feet) long. In addition, many 
of the longer wood pieces will likely break as they are transported downstream, which will 
increase the percentage of shorter pieces and decrease the percentage of longer pieces 
transported into the setback floodplain area and onto the apex ELJs. Therefore, the size 
of the majority of large wood that might accumulate on the ELJs is relatively small and is 
comparable in size to the racking material that will be installed in the structures during 
construction. The dearth of large wood capable of functioning as key members in the 
formation of naturally occurring logjams is primarily due to the close spacing and large size 
of the natural logjams found within reaches upstream of the project site that prevent about 
90 percent of the large wood entering the White River from reaching the project area (King 
County 2011). However, there are several large cottonwood trees that will remain on the 
existing levee at the inlet to the wetland that could be recruited into the wetland during the 
first moderately sized flood event and accumulate on the apex ELJs. 

Given that the apex ELJs might accumulate some additional large wood along their upstream 
faces, additional pile analyses were completed to evaluate the stability of the apex ELJs in 
the event the accumulations extend laterally beyond the periphery of the as-built structure 
for the entire height of the structure. This could increase the hydraulic drag above the drag  
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calculated for the as-built structure. Although the likelihood of this condition occurring is 
low, as described below, this condition presents a basis for performing an analysis for a worst-
case condition. 

Accurately predicting an increase in the projected surface area of the ELJs (in the direction 
of flow) due to large wood accumulations is difficult given the high uncertainty of how 
and when the wood accumulates, the large range in size and condition of wood, and the 
stochastic nature of future flood events delivering large wood inputs to the wetland/ 
floodplain area; therefore, the additional pile analyses evaluated how the stability of the as-
built ELJs are affected by increasing the projected surface area of the structures until the 
ratio of factored resistance to factored loads is less than 1.0. For this analysis, the projected 
surface area of the as-built apex ELJs was increased by 20 feet and 40 feet. This represents 
an increase in width of 25 percent and 50 percent, respectively, for the large apex ELJ, and 
an increase in width of 40 percent and 80 percent, respectively, for the small apex ELJs. This 
width increase is possible (but unlikely) given that large wood from 50 to 100 feet long could 
be transported into the floodplain/wetland area and would likely be intercepted by the small 
apex ELJs first. The analysis was also completed assuming a conservative reduction in scour 
depth at the ELJs of approximately 20 percent for the following reason. If naturally occurring 
wood accumulates on the ELJs and projects upstream away from the piles, then the area of 
scour will begin to move away from the piles. This increases the pile’s embedment depth 
below the base of the scour hole and reduces the bending moment, which will increase the 
capacity of the piles to accommodate the additional loading. A 20 percent reduction in scour 
depth equates to approximately 4 to 5 feet of wood accumulating along the face of the ELJs 
and projecting upstream. The results of the analyses are summarized in Table 6. 

Table 6. Results of Pile Analysis for Apex ELJs with Additional Natural Wood Loading. 

ELJ Condition 

Ratio of Factored Resistance to 
Factored Load for Bending 

Large Apex ELJ Small Apex ELJ 

As-built design conditions without naturally occurring wood loading 1.23 1.46 

As-built design with 20 foot-wide increase in projected surface area 1.21 1.24 

As-built design with 40 foot-wide increase in projected surface area 0.99 0.95 

 
The results of the analysis indicate that the ratio of factored resistance to factored load for 
a 20-foot-wide increase in the projected surface area for the apex ELJs is above 1.0, and for a 
40-foot wide increase it is slightly less than 1.0. Therefore, the apex ELJs could safely 
accommodate an additional 20-foot-wide increase in their projected surface area, whereas 
a 40-foot-wide increase could result in some instability. However, if the accumulated wood 
projects farther upstream, as could reasonably be expected to occur with a 40-foot wide 
increase, then scour would be further reduced, which would increase the ratio to above 1.0. 
As indicated above, the likelihood of large wood accumulations extending 20 to 40 feet 
beyond the periphery of the as-built structure for the entire height of the structure is low. 
Large wood generally accumulates on ELJs along the upstream face of the structure and stays 
within the as-built upstream-projected surface area of the structure. Large quantities of 
material generally tend to not accumulate much beyond the periphery of the structure 
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because either the naturally occurring wood pieces break apart, or these wood pieces are 
shed off the structure under flow conditions that cause them to be re-mobilized. Instability 
within the accumulated wood may occur from too much debris or a change in flow direction 
into the structure. As large wood accumulates on an ELJ (or natural logjam), it tends to 
project upstream in a triangular shaped wedge (when viewed in plan view from above the 
structure). For example, mid-channel ELJs installed in the Hoh River, in Washington State, 
which are approximately the same size as the large apex ELJs, have accumulated large 
quantities of naturally occurring large wood. However, the width of the accumulations 
has not projected beyond the periphery of the as-built structure. Therefore, as naturally 
occurring large wood accumulates within the periphery of the upstream face of the ELJ, the 
hydraulic drag, and hence the load transferred to the piles, does not increase. 

The results of the additional analyses are very conservative because of the assumptions 
applied. For example, the increased projected surface area assumes that wood would 
accumulate along the entire height of the structure, creating a complete obstruction to flow. 
If naturally occurring large wood accumulations do extend laterally beyond the periphery 
of the structure, only a small percentage of the projected flow contact area beyond the 
periphery would be actually obstructed by the wood because most of the wood would likely 
break or shed off. This condition would not increase the hydraulic drag and load on the piles 
enough to jeopardize the structure’s stability. Finally, the results of the additional analyses 
also assume a complete loss of backfill material from behind the piles such that the piles 
must fully support the structure without earth pressures providing resistance to hydraulic 
drag forces. If large quantities of naturally occurring wood accumulate on the apex ELJs, the 
backfill placed behind the piles can be expected to provide substantial resistance to hydraulic 
drag forces, thus increasing the pile resistance capacity and resistance to failure. 

Therefore, large wood accumulations that increase the width of any of the apex ELJs by 
up to 20 feet or more and that create a complete obstruction to flow across the width 
of the apex ELJs are not anticipated to occur. The combination of this finding and the 
conservative assumptions used in analyzing potential pile failure due to naturally occurring 
wood accumulations on the apex ELJs enables a determination that the piles do not need to 
be increased in diameter or number in each structure to resist potential future loads on them. 
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LOCAL PIER SCOUR (Large Apex ELJ)
7/24/2012

White River at Countyline Only input needed

existing depth in contracted section before scour= y0= 3.66 m 12 ft

average depth in upstream main channel= y1= 3.66 m 12 ft

pier length= L= 21.33 m 70 ft

pier width= a= 21.33 m 70 ft

correction factor for pier nose shape= K1= 1

angle of attack= = 1 degrees

correction factor for bed condition= K3= 1.1

velocity of approach flow upstream of pier= V= 2.44 m/s 8 ft/s

median diameter of bed material= D50= 0.016 m 16 mm

grain size for which 95% of bed material is finer= D95= 0.1 m 100 mm

diameter of smallest nontransportable particle in bed 
material= Dm= 0.02 m

shape factor= Ks= 1

INPUT

shape factor= Ks= 1

acceleration of gravity= g= 9.81 m/s2

Chinese Equation shape factor= Ks(ch)= 0.8

 

7.47 m 24.5 ft

5.33 m 17.5 ft

4.86 m 15.9 ft

5.89 m 19.3 ft

Johnson and Torrico [FHWA 2001] =

Modified Froehlich =

Simplified Chinese Equation =

Average =

OUTPUT SUMMARY - PIER SCOUR



LOCAL PIER SCOUR (Small Apex ELJ)
7/27/2012

White River at Countyline Only input needed

existing depth in contracted section before scour= y0= 3.05 m 10 ft

average depth in upstream main channel= y1= 3.05 m 10 ft

pier length= L= 12.19 m 40 ft

pier width= a= 15.24 m 50 ft

correction factor for pier nose shape= K1= 1.1

angle of attack= = 1 degrees

correction factor for bed condition= K3= 1.1

velocity of approach flow upstream of pier= V= 2.44 m/s 8 ft/s

median diameter of bed material= D50= 0.016 m 16 mm

grain size for which 95% of bed material is finer= D95= 0.1 m 100 mm

diameter of smallest nontransportable particle in bed 
material= Dm= 0.02 m

shape factor= Ks= 1 1

INPUT

shape factor= Ks= 1.1

acceleration of gravity= g= 9.81 m/s2

Chinese Equation shape factor= Ks(ch)= 0.8

 

7.41 m 24.3 ft

4.07 m 13.4 ft

3.85 m 12.6 ft

5.11 m 16.8 ft

Simplified Chinese Equation =

Average =

OUTPUT SUMMARY - PIER SCOUR

Johnson and Torrico [FHWA 2001] =

Modified Froehlich =



LOCAL ABUTMENT SCOUR (Bank Deflector ELJ)
9/6/2012 Only input needed
White River at Countyline

approach flow depth= y= 3.66 m 12 ft
length of embankment/protrusion into channel= L= 3.66 m 12 ft

velocity upstream of structure= V= 2.44 m/s 8  ft/s
abutment shape coefficient= K1= 0.55

angle of structure to flow= = 90 degrees

unobstructed channel width= W1= 91.44 m 300 ft

obstructed channel width= W2= 87.78 m 288 ft

median diameter of bed material= D50= 0.016 m 16 mm

coefficient for abutment shape= KL= 2.15

coefficent for bed protection around abutment= Lp/y= 0 m
correction factor for influence of channel bend= Kp= 1.1

correction factor for influence of shape of structure= Ks= 0.85

correction factor for influence of angle of attack= Ka= 1

correction factor for influence of porosity= Kn= 0.9

acceleration of gravity= g= 9.81 m/s2

5.98 m 19.6 ft
4.50 m 14.8 ft
5.85 m 19.2 ft
5.44 m 17.9 ftAverage = 

OUTPUT SUMMARY - ABUTMENT SCOUR
Local Abutment Scour (Froehlich)=

Local Abutment Scour (Gill)=
Local Abutment Scour (Liu et al.)=

INPUT SUMMARY - ABUTMENT SCOUR



LOCAL ABUTMENT SCOUR (Biorevetment)
7/27/2012 Only input needed
White River at Countyline

approach flow depth= y= 2.44 m 8 ft
length of embankment/protrusion into channel= L= 1.83 m 6 ft

velocity upstream of structure= V= 2.44 m/s 8  ft/s
abutment shape coefficient= K1= 0.55

angle of structure to flow= = 90 degrees

unobstructed channel width= W1= 91.44 m 300 ft

obstructed channel width= W2= 89.61 m 294 ft

median diameter of bed material= D50= 0.016 m 16 mm

coefficient for abutment shape= KL= 2.15

coefficent for bed protection around abutment= Lp/y= 0 m
correction factor for influence of channel bend= Kp= 1

correction factor for influence of shape of structure= Ks= 0.85

correction factor for influence of angle of attack= Ka= 1

correction factor for influence of porosity= Kn= 0.9

acceleration of gravity= g= 9.81 m/s2

3.99 m 13.1 ft
3.48 m 11.4 ft
3.71 m 12.2 ft
3.73 m 12.2 ft

OUTPUT SUMMARY - ABUTMENT SCOUR

INPUT SUMMARY - ABUTMENT SCOUR

Local Abutment Scour (Froehlich)=

Local Abutment Scour (Liu et al.)=
Local Abutment Scour (Gill)=

Average = 
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White River at Countyline LPILE Input Parameters for Engineered Log Structures Pile Analysis
Completed By: Brian Scott
Completed On: 7/26/12

Flow, Scour and Point Load Parameters
Large Apex ELJ

KCB 13
Small Apex ELJ

KCB 13

Bank Deflector 
ELJ (Side 

Structure Only)
KCB 13

Biorevetment
KCB-7 Notes

# of piles 28 13 4 1

Flow velocity (ft/s) 8 8 4 8

Max flow velocity in setback area that 
ELJ could be subjected to based on 
hydraulic model results.

Flow depth above existing grade before scour (ft) 14 10 6 8
Max flow depth at ELJ based on 
hydraulic model results.

Scour depth below existing grade (ft) 19 17 0 10
Average scour depth based on scour 
analysis.

Pile embedment below existing grade before scour (ft) 38 30 15 30

Engineer's estimate for starting LPILE 
calculations, will require iterations.

Distance above existing grade (before scour) to point load 
(i.e. top of pile/pile head) 8.4 6 3.6 4.8

Point load is assumed to occur at 
60% of flow depth (at location of max 
flow velocity). Point load occurs at the 
top of pile/pile head for LPILE 
calculations.

Pile embedment below scour (ft) 19 13 15 20

Flow depth above scour to pile head (ft) 27.4 23 3.6 14.8
Distance from point load to ground 
surface including scour depth.

Minimum total pile length (ft) 46.4 36 18.6 34.8
Minimum total length of pile needed 
for bending moment calculation.

LPILE Input Parameters
Pile Properties

Total pile length (in) 557 432 223 418
Distance from point load (i.e. top of 
pile/pile head) to pile tip.

Number of increments (#) 100 100 100 100

Distance from pile top to ground surface (in) 329 276 43 178
Distance from point load to ground 
surface including scour depth.

Combined ground slope and batter angles (degrees) 0 0 0 0 Vertical piles; not battered.

Pile Sectional Properties
Row 1

Depth (in) 0 0 0 0
0 = location of point load (i.e. top of 
pile/pile head).

Diameter (in) 18 18 18 18
Pile diameter at point load, assume to 
be pile butt diameter.

Moment of inertia (in4) 5,153 5,153 5,153 5,153
Pile moment of inertia at location of 
point load.

Area (in2) 254 254 254 254
Pile cross sectional area at location of 
point load.

Modulus of elasticity (lbf/in
2) 1,500,000 1,500,000 1,500,000 1,500,000 For Pacific Coast Douglas Fir.

Row 2
Depth (in) 557 432 223 418 Depth = total pile length.
Diameter (in) 14 14 14 14 Pile diameter at tip.
Moment of inertia (in4) 1,886 1,886 1,886 1,886 Pile moment of inertia at tip.

Area (in2) 154 154 154 154 Pile cross sectional area at tip.
Modulus of elasticity (E, lbf/in

2) 1,500,000 1,500,000 1,500,000 1,500,000 For Pacific Coast Douglas Fir.

Loading Type

Static or Cyclic Static Static Static Static
Assume design hydraulic load is a 
static point load.

Include distributed lateral loads? No No No No Assume no distributed loads.

Pile-Head Boundary Conditions & Loading

Pile-Head Conditions
1 Shear (F) & 2 
Moment (F-L)

1 Shear (F) & 2 
Moment (F-L)

1 Shear (F) & 2 
Moment (F-L)

1 Shear (F) & 2 
Moment (F-L)

Pile evaluated for bending and shear 
due to point load.

Condition 1 (lbf) 3,725 3,582 6,286 8,000
Equivalent hydraulic force per pile, 
assume to be max shear force.

Condition 2 (in-lbf) 0 0 0 0

No moment value to be provided at 
pile head (assume free-head 
condition).

Axial load (lbf) 0 0 0 0
No axial (vertical) load applied to 
piles.

Legend
User input value
Calculation - do not modify





Completed By: Brian Scott

Completed On: 7/26/12

Checked By: Gus Kays

Checked On: 10/26/12

Determine Hydraulic Drag on Upstream Face of ELJ, Max Moment and Shear Values LRFD Design Factors for Bending & Shear Stress; Pacific Coast Douglas Fir Round Timber Piles

Drag coefficient (CD) = 1.5 unitless Fbref = 2.45
ksi, reference design allowable bending stress for pacific coast 
douglas fir 

Flow depth (D) = 14 ft  Fvref = 115
psi, reference design allowable shear stress for pacific coast douglas 
fir

Obstruction width (W) = 80 ft Ct = 1 LRFD temperature factor for temps < 100ºf =1

Obstruction area (AD=D*W) = 1120 ft2 Cu = 1.11 LRFD untreated factor, see cell comment

Specific weight of water ( ) = 1.94 slugs/ft3 CF=(12/(sqrt(APB))^(1/9) = 0.99
LRFD size factor for pile diameters > 13.5", for bending stress only 
(not for shear), at depth of maximum bending moment

Flow velocity (V) = 8 ft/s Csp  = 0.77
LRFD single pile factor, see cell comment, for bending stress only 
(not for shear)

Total drag force (FD=CD*AD* *V1002/2) = 104,294 lbf KFb=2.16/ b = 2.54 LRFD format conversion factor for bending stress, see cell comment 

Number of piles = 28 KFv=2.16/ v = 2.88 LRFD format conversion factor for shear stress, see cell comment 

Drag (Shear) force per pile = 3,725
lbf, pile point load (shear force), input for 
LPILE b = 0.85 LRFD resistance factor for bending stress, see cell comment

Max bending moment per pile (Mmax) 1,302,183 in-lbs, output from LPILE v = 0.75 LRFD resistance factor for shear stress, see cell comment

Max shear force per pile (Vmax) 3,725 lbs, output from LPILE  b = 1 AASHTO LRFD load factor for bending stress due to hydraulic load

 v = 1 AASHTO LRFD load factor for shear stress due to hydraulic load

Determine Pile Values λ =  1 LRFD time effect factor, see cell comment 
Pile butt diameter = 18 in

Pile tip diameter = 14 in
Pile length = 46.4 ft

Pile diameter taper = 0.09 in/ft
Depth of maximum bending moment below pile head = 362.1 in, output from LPILE
Depth of maximum bending moment below pile head = 30.2 ft

Pile radius at depth of maximum bending moment = 7.7 in

Pile area at depth of maximum bending moment, APB  = 186.2 in2

Depth of maximum shear force below pile head = 428.9 in, output from LPILE
Depth of maximum shear force below pile head = 35.7 ft

Pile radius at depth of maximum shear force = 7 5 in

White River at Countyline
Pile Stability Analysis - Large Apex ELJs Based on KCB-13

Note: Mmax and Vmax values are based on the pile parameters listed below. If pile parameters change, then re-run LPILE with 
current pile parameters to update Mmax, Vmax, and depths of maximum bending moment and shear force values. This is 
necessary to calculated the correct actual and factored bending moments and shear stresses.

Countyline ELJ Pile Analysis_Lpile_P=24.xls
LA_KCB13 D=14 V=8 P=28

10/25/2012
2:58 PM

Pile radius at depth of maximum shear force  = 7.5 in
Pile area at depth of maximum shear force, APV = 174.8 in2

Determine Factored Resistance Bending Stress, Factored Load Bending Stress, and Factor of Safety

Moment of inertia, I=( *r4)/4 = 2,760 in4, at depth of maximum bending moment

Section modulus, S=I/r =   358 in3, at depth of maximum bending moment 

Actual (applied) bending stress, Fb=Mmax/S = 3.63 ksi, at depth of maximum bending moment

Ffb= b*Fb = 3.63
ksi, LRFD factored load bending stress at 
depth of maximum bending moment

Fb' = Fbref*Ct*Cu*CF*Csp*KFb* b*  = 4.46
ksi, LRFD factored resistance bending stress 
(ASD & LRFD)

Ratio of factored resistance to factored load, Rb = Fb'/Ffb 1.23 Stability Criteria: Rb 1.0

Determine Factored Resistance Shear Stress, Factored Load Shear Stress, and Factor of Safety

Actual (applied) interal pile shear stress, Fv=VMax/APV = 21 psi, at depth of maximum shear force Legend

Fv' = Fvref*Ct*Cu*KFv* v*  = 276
psi, LRFD factored resistance shear stress 
(ASD & LRFD)

User input value

Ffv= v*Fv = 21 psi, LRFD factored load shear stress Calculation - do not modify

Ratio of factored resistance to factored load, Rv = Fv'/Ffv 12.94 Stability Criteria: Rv 1.0
User input value, output value 
from LPILE analysis

Countyline ELJ Pile Analysis_Lpile_P=24.xls
LA_KCB13 D=14 V=8 P=28

10/25/2012
2:58 PM
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Determine Hydraulic Drag on Upstream Face of ELJ, Max Moment and Shear Values LRFD Design Factors for Bending & Shear Stress; Pacific Coast Douglas Fir Round Timber Piles

Drag coefficient (CD) = 1.5 unitless Fbref = 2.45
ksi, reference design allowable bending stress for pacific coast 
douglas fir 

Flow depth (D) = 10 ft  Fvref = 115
psi, reference design allowable shear stress for pacific coast douglas 
fir

Obstruction width (W) = 50 ft Ct = 1 LRFD temperature factor for temps < 100ºf =1

Obstruction area (AD=D*W) = 500 ft2 Cu = 1.11 LRFD untreated factor, see cell comment

Specific weight of water ( ) = 1.94 slugs/ft3 CF=(12/(sqrt(APB))^(1/9) = 0.99
LRFD size factor for pile diameters > 13.5", for bending stress only 
(not for shear), at depth of maximum bending moment

Flow velocity (V) = 8 ft/s Csp  = 0.77
LRFD single pile factor, see cell comment, for bending stress only 
(not for shear)

Total drag force (FD=CD*AD* *V1002/2) = 46,560 lbf KFb=2.16/ b = 2.54 LRFD format conversion factor for bending stress, see cell comment 

Number of piles = 13 KFv=2.16/ v = 2.88 LRFD format conversion factor for shear stress, see cell comment 

Drag (Shear) force per pile = 3,582
lbf, pile point load (shear force), input for 
LPILE b = 0.85 LRFD resistance factor for bending stress, see cell comment

Max bending moment per pile (Mmax) 1,054,864 in-lbs, output from LPILE v = 0.75 LRFD resistance factor for shear stress, see cell comment

Max shear force per pile (Vmax) 3,582 lbs, output from LPILE  b = 1 AASHTO LRFD load factor for bending stress due to hydraulic load

 v = 1 AASHTO LRFD load factor for shear stress due to hydraulic load

Determine Pile Values λ =  1 LRFD time effect factor, see cell comment 
Pile butt diameter = 18 in

Pile tip diameter = 14 in
Pile length = 36 ft

Pile diameter taper = 0.11 in/ft
Depth of maximum bending moment below pile head = 302.4 in, output from LPILE
Depth of maximum bending moment below pile head = 25.2 ft

Pile radius at depth of maximum bending moment = 7.6 in

Pile area at depth of maximum bending moment, APB  = 181.5 in2

Depth of maximum shear force below pile head = 367.2 in, output from LPILE
Depth of maximum shear force below pile head = 30.6 ft

Pile radius at depth of maximum shear force = 7 3 in

White River at Countyline
Pile Stability Analysis - Small Apex ELJs Based on KCB-13

Note: Mmax and Vmax values are based on the pile parameters listed below. If pile parameters change, then re-run LPILE with 
current pile parameters to update Mmax, Vmax, and depths of maximum bending moment and shear force values. This is 
necessary to calculated the correct actual and factored bending moments and shear stresses.

Countyline ELJ Pile Analysis_Lpile_P=24.xls
SA_KCB13_D=10 V=8 P=13

10/25/2012
3:05 PM

Pile radius at depth of maximum shear force  = 7.3 in
Pile area at depth of maximum shear force, APV = 167.4 in2

Determine Factored Resistance Bending Stress, Factored Load Bending Stress, and Factor of Safety

Moment of inertia, I=( *r4)/4 = 2,620 in4, at depth of maximum bending moment

Section modulus, S=I/r =   345 in3, at depth of maximum bending moment 

Actual (applied) bending stress, Fb=Mmax/S = 3.06 ksi, at depth of maximum bending moment

Ffb= b*Fb = 3.06
ksi, LRFD factored load bending stress at 
depth of maximum bending moment

Fb' = Fbref*Ct*Cu*CF*Csp*KFb* b*  = 4.47
ksi, LRFD factored resistance bending stress 
(ASD & LRFD)

Ratio of factored resistance to factored load, Rb = Fb'/Ffb 1.46 Stability Criteria: Rb 1.0

Determine Factored Resistance Shear Stress, Factored Load Shear Stress, and Factor of Safety

Actual (applied) interal pile shear stress, Fv=VMax/APV = 21 psi, at depth of maximum shear force Legend

Fv' = Fvref*Ct*Cu*KFv* v*  = 276
psi, LRFD factored resistance shear stress 
(ASD & LRFD)

User input value

Ffv= v*Fv = 21 psi, LRFD factored load shear stress Calculation - do not modify

Ratio of factored resistance to factored load, Rv = Fv'/Ffv 12.89 Stability Criteria: Rv 1.0
User input value, output value 
from LPILE analysis

Countyline ELJ Pile Analysis_Lpile_P=24.xls
SA_KCB13_D=10 V=8 P=13

10/25/2012
3:05 PM













Completed By: Brian Scott
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Checked By: Gus Kays

Checked On: 10/26/12

Determine Hydraulic Drag on Upstream Face of ELJ, Max Moment and Shear Values LRFD Design Factors for Bending & Shear Stress; Pacific Coast Douglas Fir Round Timber Piles

Resultant point load on pile = 8,000
lbf, value from separate analysis of resultant 
point load on pile due to hydraulic drag on 
logs that is transferred to the pile

Fbref = 2.45
ksi, reference design allowable bending stress for pacific coast 
douglas fir 

Number of piles = 1  Fvref = 115
psi, reference design allowable shear stress for pacific coast 
douglas fir

Drag (Shear) force per pile = 8,000
lbf, pile point load (shear force), input for 
LPILE

Ct = 1 LRFD temperature factor for temps < 100ºf =1

Max bending moment per pile (Mmax) 1,687,010 in-lbs, output from LPILE Cu = 1.11 LRFD untreated factor, see cell comment

Max shear force per pile (Vmax) 8,000 lbs, output from LPILE CF=(12/(sqrt(APB))^(1/9) = 0.98
LRFD size factor for pile diameters > 13.5", for bending stress only 
(not for shear), at depth of maximum bending moment

Csp  = 0.77
LRFD single pile factor, see cell comment, for bending stress only 
(not for shear)

Determine Pile Values KFb=2.16/ b = 2.54
LRFD format conversion factor for bending stress, see cell 
comment 

Pile butt diameter = 18 in KFv=2.16/ v = 2.88 LRFD format conversion factor for shear stress, see cell comment 

Pile tip diameter = 14 in b = 0.85 LRFD resistance factor for bending stress, see cell comment

Pile length = 34.8 ft v = 0.75 LRFD resistance factor for shear stress, see cell comment

Pile diameter taper = 0.11 in/ft  b = 1 AASHTO LRFD load factor for bending stress due to hydraulic load

Depth of maximum bending moment below pile head = 229.9 in, output from LPILE  v = 1 AASHTO LRFD load factor for shear stress due to hydraulic load

Depth of maximum bending moment below pile head = 19.2 ft λ =  1 LRFD time effect factor, see cell comment 
Pile radius at depth of maximum bending moment = 7.9 in

Pile area at depth of maximum bending moment, APB  = 196.0 in2

Depth of maximum shear force below pile head = 288.4 in, output from LPILE
Depth of maximum shear force below pile head = 24.0 ft

Pile radius at depth of maximum shear force  = 7.6 in
Pile area at depth of maximum shear force, APV = 182 4 in2

White River at Countyline
Pile Stability Analysis - Biorevetment Based on KCB-7

Note: Mmax and Vmax values are based on the pile parameters listed below. If pile parameters change, then re-run LPILE with 
current pile parameters to update Mmax, Vmax, and depths of maximum bending moment and shear force values. This is 
necessary to calculated the correct actual and factored bending moments and shear stresses.

Countyline ELJ Pile Analysis_Lpile_P=24.xls
Biorevetment_KCB7

10/25/2012
1:24 PM

Pile area at depth of maximum shear force, APV = 182.4 in

Determine Factored Resistance Bending Stress, Factored Load Bending Stress, and Factor of Safety

Moment of inertia, I=( *r4)/4 = 3,058 in4, at depth of maximum bending moment

Section modulus, S=I/r =   387 in3, at depth of maximum bending moment 

Actual (applied) bending stress, Fb=Mmax/S = 4.36 ksi, at depth of maximum bending moment

Ffb= b*Fb = 4.36
ksi, LRFD factored load bending stress at 
depth of maximum bending moment

Fb' = Fbref*Ct*Cu*CF*Csp*KFb* b*  = 4.45
ksi, LRFD factored resistance bending 
stress (ASD & LRFD)

Ratio of factored resistance to factored load, Rb = Fb'/Ffb 1.02 Stability Criteria: Rb 1.0

Determine Factored Resistance Shear Stress, Factored Load Shear Stress, and Factor of Safety

Actual (applied) interal pile shear stress, Fv=VMax/APV = 44 psi, at depth of maximum shear force Legend

Fv' = Fvref*Ct*Cu*KFv* v*  = 276
psi, LRFD factored resistance shear stress 
(ASD & LRFD)

User input value

Ffv= v*Fv = 44 psi, LRFD factored load shear stress Calculation - do not modify

Ratio of factored resistance to factored load, Rv = Fv'/Ffv 6.28 Stability Criteria: Rv 1.0
User input value, output value 
from LPILE analysis
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Completed By: Brian Scott

Completed On: 7/26/12

Checked By: Gus Kays

Checked On: 10/26/12

Determine Hydraulic Drag on Upstream Face of ELJ, Max Moment and Shear Values LRFD Design Factors for Bending & Shear Stress; Pacific Coast Douglas Fir Round Timber Piles

Drag coefficient (CD) = 1.5 unitless Fbref = 2.45
ksi, reference design allowable bending stress for pacific coast 
douglas fir 

Flow depth (D) = 6 ft  Fvref = 115
psi, reference design allowable shear stress for pacific coast douglas 
fir

Obstruction width (W) = 45 ft Ct = 1 LRFD temperature factor for temps < 100ºf =1

Obstruction area (AD=D*W) = 270 ft2 Cu = 1.11 LRFD untreated factor, see cell comment

Specific weight of water ( ) = 1.94 slugs/ft3 CF=(12/(sqrt(APB))^(1/9) = 0.98
LRFD size factor for pile diameters > 13.5", for bending stress only 
(not for shear), at depth of maximum bending moment

Flow velocity (V) = 8 ft/s Csp  = 0.77
LRFD single pile factor, see cell comment, for bending stress only 
(not for shear)

Total drag force (FD=CD*AD* *V1002/2) = 25,142 lbf KFb=2.16/ b = 2.54 LRFD format conversion factor for bending stress, see cell comment 

Number of piles = 4 KFv=2.16/ v = 2.88 LRFD format conversion factor for shear stress, see cell comment 

Drag (Shear) force per pile = 6,286
lbf, pile point load (shear force), input for 
LPILE b = 0.85 LRFD resistance factor for bending stress, see cell comment

Max bending moment per pile (Mmax) 491,072 in-lbs, output from LPILE v = 0.75 LRFD resistance factor for shear stress, see cell comment

Max shear force per pile (Vmax) 6,286 lbs, output from LPILE  b = 1 AASHTO LRFD load factor for bending stress due to hydraulic load

 v = 1 AASHTO LRFD load factor for shear stress due to hydraulic load

Determine Pile Values λ =  1 LRFD time effect factor, see cell comment 
Pile butt diameter = 18 in

Pile tip diameter = 14 in
Pile length = 18.6 ft

Pile diameter taper = 0.22 in/ft
Depth of maximum bending moment below pile head = 98.1 in, output from LPILE
Depth of maximum bending moment below pile head = 8.2 ft

Pile radius at depth of maximum bending moment = 8.1 in

Pile area at depth of maximum bending moment, APB  = 207.2 in2

Depth of maximum shear force below pile head = 156.1 in, output from LPILE
Depth of maximum shear force below pile head = 13.0 ft

Pile radius at depth of maximum shear force = 7 6 in

White River at Countyline
Pile Stability Analysis - Bank Deflector (Side Structure) ELJs Based on KCB-13

Note: Mmax and Vmax values are based on the pile parameters listed below. If pile parameters change, then re-run LPILE with 
current pile parameters to update Mmax, Vmax, and depths of maximum bending moment and shear force values. This is 
necessary to calculated the correct actual and factored bending moments and shear stresses.

Countyline ELJ Pile Analysis_Lpile_P=24.xls
BD(Side)_KCB13 D=6 V=4 P=4

10/25/2012
1:24 PM

Pile radius at depth of maximum shear force  = 7.6 in
Pile area at depth of maximum shear force, APV = 181.5 in2

Determine Factored Resistance Bending Stress, Factored Load Bending Stress, and Factor of Safety

Moment of inertia, I=( *r4)/4 = 3,416 in4, at depth of maximum bending moment

Section modulus, S=I/r =   421 in3, at depth of maximum bending moment 

Actual (applied) bending stress, Fb=Mmax/S = 1.17 ksi, at depth of maximum bending moment

Ffb= b*Fb = 1.17
ksi, LRFD factored load bending stress at 
depth of maximum bending moment

Fb' = Fbref*Ct*Cu*CF*Csp*KFb* b*  = 4.43
ksi, LRFD factored resistance bending stress 
(ASD & LRFD)

Ratio of factored resistance to factored load, Rb = Fb'/Ffb 3.80 Stability Criteria: Rb 1.0

Determine Factored Resistance Shear Stress, Factored Load Shear Stress, and Factor of Safety

Actual (applied) interal pile shear stress, Fv=VMax/APV = 35 psi, at depth of maximum shear force Legend

Fv' = Fvref*Ct*Cu*KFv* v*  = 276
psi, LRFD factored resistance shear stress 
(ASD & LRFD)

User input value

Ffv= v*Fv = 35 psi, LRFD factored load shear stress Calculation - do not modify

Ratio of factored resistance to factored load, Rv = Fv'/Ffv 7.96 Stability Criteria: Rv 1.0
User input value, output value 
from LPILE analysis

Countyline ELJ Pile Analysis_Lpile_P=24.xls
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Spreadsheet developed by: GK
Spreadsheet calculations by: BS Date: Dec-12
Calculations checked by: GS Date: Dec-12
Project No. 10-04770-000
Based on design by B. Scott Sep-12
Location Countlyine 

Angle of internal friction for substrate φ 36 degrees
Dry density of substrate γd 120 lb/ft3

Saturated unit weight of substrate γsat 134 lb/ft3 From Table 3.1 "Principles of Geotechnical Engineering" 5th Edition, Das

depth of water at Q100 d1 14.0 ft does not include scour depth

Specific gravity of logs SGlog 0.5

Specific weight of water γw 62.4 lb/ft3

Density of water ρw 1.94 slugs/ft3

Scour Depth 19.00 Ft
Pile Length = Pl 55.00 ft

1.33 ft
Pile Diameter * 20= 26.67

19.00 ft
16

From (Pile foundations in Engineering Practice, Prakash, Sharma page 306) the value of Ks should be Multiplied by 2/3 for pullout

Qf =pKstanδδδδ ΣΣΣΣ(σσσσ'vl ΔΔΔΔL) 
Sum from L = 0 to L = L

where
 σ'vl = average vertical effective stress in a given layer

Note σ'vl increases with depth until 20 times the diameter when it is assumed to be constant
δ = angle of wall friction, based on pile material and φ´
Ks = earth pressure coefficient

p = perimeter of pile

Values of Ks and δ can be related to the angle of internal friction (φ´) using the following table according to Broms.

low Soil 
density

high Soil 
density

steel 20° 0.5 1
concrete 3/4 φ´ 1 2
timber 2/3 φ´ 1.5 4

Assumed Ks = Check geotech report for density descriptions or available literature
From (Pile foundations in Engineering Practice, Prakash, Sharma page 306) the value of Ks should be Multiplied by 2/3 for pullout

Allowable Pullout Capacity can be written

Pf =1/FS[2/3pKstanδδδδ ΣΣΣΣ(σσσσ'vl ΔΔΔΔL) +Wp
FS = Factor of Safety (usually taken as 3)

2.5

Material δδδδ

Ks

Pile Buoyancy Calculations (Pull Out)
Large Apex ELJ

Number of piles to be lashed =
Choose Embedment depth W/ Scour =

Chosen Pile Diameter =

FS = Factor of Safety (usually taken as 3)
Wp = Weight of Pile

Max Poor Water Pressure = 1,186 lbs/ft^2 Consistent with equation poor water pressure is "capped" at 20*dia
Average Poor Water Pressure = 593 lbs/ft^2 Average Poor Water Pressure for Pressure Prism Above Depth of Pile < 20* Dia

Max Soil Overburden= 2,554 lbs/ft^2
Average Soil Overburden = 1,277 lbs/ft^2

Submerged Weight of Pile = -2,396 lbs Assumes pile completely submerged

 ΣΣΣΣ(σσσσ'vl ΔΔΔΔL) 12,996 lb-ft Effective vertical stress over the length of pile embedment

Pf = -38,000 lbs/pile Does not Account for FS of 3 as outlined above, See results below for FS and assess FS for structure risk and purpose

Buoyant Force of Structure = -200,000 lbs Includes all key logs and racking logs in structure

Buoyant Load Per Pile = -12,500 lbs

FS = 3.0 FS for pile pullout at scour and flow depth event when pile is lashed to horizontal key logs and structure buoyant force
is assumed to be uniformly distributed to each lashed pile, and that lashing does not fail





Spreadsheet calculations by: BS
Date: Sep-12

Calculations checked by: GK
Date: Dec-12

Wire Rope Calcs Magnitude Units Assumptions & Notes
Cable breaking strength = 26,600 lbs Cable (IWRC) 6x19 galvinized EIPS 1/2 in dia.

Cable breaking strength due to splice redcution = 19,950 lbs
Assumes 25% loss in breaking strength due to splice

Total Structure Bouyant Force = 200,000 lbs From bouyancy calculations
Number of vertical logs to be lashed = 16

Number of lashing per vertical log = 1
Max load applied at each lashing = 12,500 lbs

Max cable tensile strength at lashing = 79,800 lbs
Assumes saddle lash so breaking strength (w/splice 
reduction) x 4

  
FS for cable = 6.4

Assumptions 
1. Structure bouyant forces are uniformly distributed to each vertical log that is to be lashed and to each lashing.
2. Cable is lashed using a "saddle" lash with 4 loaded lengths per lashing.

White River at Countyline
Large Apex ELJ Cable Lashing Strength Analysis

Herrera Project #: 10-04770-000
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Large Apex ELJ
Project: White River at Countyline 
Project #: 10-04770-000
Completed By: BS
Completed On: 7/13/2012

Structure Buoyancy Calcs

Log Type
Avg 

Diameter Length Rootwad
Logs Per 
Structure

Individual Log 
Volume

Total Log 
Volume

Log Specific 
Weight

Water 
Specific 
Weight

Individual 
Log Weight

Individual 
Log Buoyant 

Force

Net Buoyant 
Force Per 

Log

Total Log 
Buoyant 

Force
- in ft - No. ft3 ft3 lbf/ft

3 lbf/ft
3 lbf lbf lbf lbf

1 20 40 X 13 87 1,134 32.0 62.4 2,793 5,445 2,653 34,488
2 20 35 X 8 84 672 32.0 62.4 2,688 5,241 2,553 20,427
3 20 30 X 0 72 0 32.0 62.4 2,304 4,492 2,189 0
4 20 40 6 87 524 32.0 62.4 2,793 5,445 2,653 15,917 `
5 20 35 16 76 1,222 32.0 62.4 2,443 4,765 2,321 37,141
6 20 30 2 65 131 32.0 62.4 2,094 4,084 1,990 3,979
7 24 25 6 79 471 32.0 62.4 2,513 4,901 2,388 14,326
8 24 20 6 63 377 32.0 62.4 2,011 3,921 1,910 11,461

Racking 10 25 150 14 2,045 32.0 62.4 436 851 415 62,177
Totals 57 4,531 w/o racking without racking 137,739

6,576 w/racking with racking 199,916
244 cy with racking % of total buoyant force due to racking 31.1%

Structure Ballast Requirements 183 cy with racking within log ballast zone

Saturated 
Alluvium 

Specific Weight

Water 
Specific 
Weight

Net/Bouyant 
Alluvium 
Specific 
Weight

Factor of 
Safety 

Submerged 
Ballast Weight 
Requirement

Submerged Ballast 
Volume 

Requirement 

Submerged 
Ballast Volume 
Requirement

Min Avg Depth 
of Ballast Over 

Each Log

Required 
Plan View 

Area of 
Backfill

Approximate 
Plan View 

Area of 
Backfill Ok?

lbf/ft
3 lbf/ft

3 lbf/ft
3 - lbf ft3 yd3 ft ft2 ft2 -

134 62.4 71.8 2 399,832 5,567 206 4.6 1,210 1,234 Yes

Density - Sands and Gravels
(dry) (sat) (water) (buoyant) 3.3 (ft) min avg depth of ballast over each log assuming an average of 20' of each 2' diam log is buried for 42 logs (15 not burried)

kg/m3 kg/m3 kg/m3 kg/m3
2000 2150 1000 1150

Specific Weight - Sands and Gravels
lbf/ft3 lbf/ft3 lbf/ft3 lbf/ft3
124.9 134.2 62.4 71.8

Assumptions
10% of volume for log w/out rootwad added to same size of log with rootwad

user input



Small Apex ELJ
Project: White River at Countyline 
Project #: 10-04770-000
Completed By: BS
Completed On: 9/13/2012

Structure Buoyancy Calcs

Log Type
Avg 

Diameter Length Rootwad
Logs Per 
Structure

Individual Log 
Volume

Total Log 
Volume

Log Specific 
Weight

Water 
Specific 
Weight

Individual 
Log Weight

Individual 
Log Buoyant 

Force

Net Buoyant 
Force Per 

Log

Total Log 
Buoyant 

Force
- in ft - No. ft3 ft3 lbf/ft

3 lbf/ft
3 lbf lbf lbf lbf

1 24 35 X 4 121 484 32.0 62.4 3,870 7,547 3,677 14,708
2 24 30 X 6 104 622 32.0 62.4 3,318 6,469 3,152 18,910
3 24 25 X 8 86 691 32.0 62.4 2,765 5,391 2,626 21,011
4 24 20 X 1 69 69 32.0 62.4 2,212 4,313 2,101 2,101
5 24 55 2 173 346 32.0 62.4 5,529 10,782 5,253 10,505
6 24 45 1 141 141 32.0 62.4 4,524 8,822 4,298 4,298
7 24 40 3 126 377 32.0 62.4 4,021 7,841 3,820 11,461
8 24 35 1 110 110 32.0 62.4 3,519 6,861 3,343 3,343
9 24 30 1 94 94 32.0 62.4 3,016 5,881 2,865 2,865
10 24 25 1 79 79 32.0 62.4 2,513 4,901 2,388 2,388

Racking 8 25 100 9 873 32.0 62.4 279 545 265 26,529
Totals 28 3,013 w/o racking without racking 91,589

3,885 w/racking with racking 118,118
144 cy with racking % of total buoyant force due to racking 22.5%

Structure Ballast Requirements 108 cy with racking within log ballast zone

Saturated 
Alluvium 

Specific Weight

Water 
Specific 
Weight

Net/Bouyant 
Alluvium 
Specific 
Weight

Factor of 
Safety 

Submerged 
Ballast Weight 
Requirement

Submerged Ballast 
Volume 

Requirement 

Submerged 
Ballast Volume 
Requirement

Min Avg Depth 
of Ballast Over 

Each Log

Required 
Plan View 

Area of 
Backfill

Approximate 
Plan View 

Area of 
Backfill Ok?

lbf/ft
3 lbf/ft

3 lbf/ft
3 - lbf ft3 yd3 ft ft2 ft2 -

134 62.4 71.8 2 236,235 3,289 122 4.0 822 870 Yes

Density - Sands and GravelsDensity - Sands and Gravels
(dry) (sat) (water) (buoyant) 3.3 (ft) min avg depth of ballast over each log assuming an average of 20' of each 2' diam log is buried for 25 logs

kg/m3 kg/m3 kg/m3 kg/m3
2000 2150 1000 1150

Specific Weight - Sands and Gravels
lbf/ft3 lbf/ft3 lbf/ft3 lbf/ft3
124.9 134.2 62.4 71.8

Assumptions
10% of volume for log w/out rootwad added to same size of log with rootwad

user input



Biorevetment - Per 80' (2 structures)
Project: White River at Countyline 
Project #: 10-04770-000
Completed By: BS
Completed On: 7/13/2012

Structure Buoyancy Calcs

Log Type
Avg 

Diameter Length Rootwad
Logs Per 
Structure

Individual Log 
Volume

Total Log 
Volume

Log Specific 
Weight

Water 
Specific 
Weight

Individual 
Log Weight

Individual 
Log Buoyant 

Force

Net Buoyant 
Force Per 

Log

Total Log 
Buoyant 

Force
- in ft - No. ft3 ft3 lbf/ft

3 lbf/ft
3 lbf lbf lbf lbf

2 24 30 X 4 104 415 32.0 62.4 3,318 6,469 3,152 12,607
3 24 25 X 4 86 346 32.0 62.4 2,765 5,391 2,626 10,505
4 24 40 4 126 503 32.0 62.4 4,021 7,841 3,820 15,281
6 24 30 4 94 377 32.0 62.4 3,016 5,881 2,865 11,461
7 24 25 4 79 314 32.0 62.4 2,513 4,901 2,388 9,550

Racking 8 23 80 8 642 32.0 62.4 257 501 244 19,525
Totals 20 1,954 w/o racking without racking 59,404

2,596 w/racking with racking 78,929
96 cy with racking % of total buoyant force due to racking 24.7%

Structure Ballast Requirements 72 cy with racking within log ballast zone

Saturated 
Alluvium 

Specific Weight

Water 
Specific 
Weight

Net/Bouyant 
Alluvium 
Specific 
Weight

Factor of 
Safety 

Submerged 
Ballast Weight 
Requirement

Submerged Ballast 
Volume 

Requirement 

Submerged 
Ballast Volume 
Requirement

Min Avg Depth 
of Ballast 

Over Each Log

Required 
Plan View 

Area of 
Backfill

Approximate 
Plan View 

Area of 
Backfill Ok?

lbf/ft
3 lbf/ft

3 lbf/ft
3 - lbf ft3 yd3 ft ft2 ft2 -

134 62.4 71.8 2 157,858 2,198 81 4.5 488 500 Yes

Density - Sands and Gravels
(dry) (sat) (water) (buoyant) 3.7 (ft) min avg depth of ballast over each log assuming an average of 15' of each 2' diam log is buried

kg/m3 kg/m3 kg/m3 kg/m3
2000 2150 1000 11502000 2150 1000 1150

Specific Weight - Sands and Gravels
lbf/ft3 lbf/ft3 lbf/ft3 lbf/ft3
124.9 134.2 62.4 71.8

Assumptions
10% of volume for log w/out rootwad added to same size of log with rootwad

user input



Bank Deflector ELJ
Project: White River at Countyline 
Project #: 10-04770-000
Completed By: BS
Completed On: 9/25/2012

Structure Buoyancy Calcs

Log Type
Avg 

Diameter Length Rootwad
Logs Per 
Structure

Individual Log 
Volume

Total Log 
Volume

Log Specific 
Weight

Water 
Specific 
Weight

Individual 
Log Weight

Individual 
Log Buoyant 

Force

Net Buoyant 
Force Per 

Log

Total Log 
Buoyant 

Force
- in ft - No. ft3 ft3 lbf/ft

3 lbf/ft
3 lbf lbf lbf lbf

1 24 50 X 3 173 518 32.0 62.4 5,529 10,782 5,253 15,758
2 24 45 X 5 156 778 32.0 62.4 4,976 9,704 4,727 23,637
3 24 40 X 1 138 138 32.0 62.4 4,423 8,626 4,202 4,202
4 24 35 X 4 121 484 32.0 62.4 3,870 7,547 3,677 14,708
5 24 30 X 5 104 518 32.0 62.4 3,318 6,469 3,152 15,758
6 24 25 X 3 86 259 32.0 62.4 2,765 5,391 2,626 7,879
7 24 20 X 4 69 276 32.0 62.4 2,212 4,313 2,101 8,404
8 24 50 3 157 471 32.0 62.4 5,027 9,802 4,775 14,326
9 24 45 9 141 1,272 32.0 62.4 4,524 8,822 4,298 38,679
10 24 40 4 126 503 32.0 62.4 4,021 7,841 3,820 15,281
11 24 35 7 110 770 32.0 62.4 3,519 6,861 3,343 23,399
12 24 30 2 94 188 32.0 62.4 3,016 5,881 2,865 5,730
13 24 25 1 79 79 32.0 62.4 2,513 4,901 2,388 2,388
14 24 20 1 63 63 32.0 62.4 2,011 3,921 1,910 1,910

Racking 8 25 200 9 1,745 32.0 62.4 279 545 265 53,058
Totals 52 6,318 w/o racking without racking 192,059

8,063 w/racking with racking 245,117
299 cy with racking % of total buoyant force due to racking 21.6%

Structure Ballast Requirements 224 cy with racking within log ballast zone

Saturated 
Alluvium 

Specific Weight

Water 
Specific 
Weight

Net/Bouyant 
Alluvium 
Specific 
Weight

Factor of 
Safety 

Submerged 
Ballast Weight 
Requirement

Submerged Ballast 
Volume 

Requirement 

Submerged 
Ballast Volume 
Requirement

Min Avg Depth 
of Ballast Over 

Each Log

Required 
Plan View 

Area of 
Backfill

Approximate 
Plan View 

Area of 
Backfill Ok?Specific Weight Weight Weight Safety Requirement Requirement Requirement Each Log Backfill Backfill Ok?

lbf/ft
3 lbf/ft

3 lbf/ft
3 - lbf ft3 yd3 ft ft2 ft2 -

134 62.4 71.8 2 490,235 6,826 253 3.5 1,950 2,000 Yes

Density - Sands and Gravels
(dry) (sat) (water) (buoyant) 3.3 (ft) min avg depth of ballast over each log assuming an average of 25' of each 2' diam log is buried for 42 logs

kg/m3 kg/m3 kg/m3 kg/m3
2000 2150 1000 1150

Specific Weight - Sands and Gravels
lbf/ft3 lbf/ft3 lbf/ft3 lbf/ft3
124.9 134.2 62.4 71.8

Assumptions
10% of volume for log w/out rootwad added to same size of log with rootwad

user input



Floodplain Roughening - Type 1
Project: White River at Countyline 
Project #: 10-04770-000
Completed By: MS
Completed On: 9/18/2012

Structure Buoyancy Calcs

Log Type
Avg 

Diameter Length Rootwad
Logs Per 
Structure

Individual Log 
Volume

Total Log 
Volume

Log Specific 
Weight

Water 
Specific 
Weight

Individual 
Log Weight

Individual 
Log Buoyant 

Force

Net Buoyant 
Force Per 

Log

Total Log 
Buoyant 

Force
- in ft - No. ft3 ft3 lbf/ft

3 lbf/ft
3 lbf lbf lbf lbf

1 24 35 X 1 121 121 32.0 62.4 3,870 7,547 3,677 3,677
2 24 30 X 1 104 104 32.0 62.4 3,318 6,469 3,152 3,152
3 24 25 X 1 86 86 32.0 62.4 2,765 5,391 2,626 2,626
4 24 25 2 79 157 32.0 62.4 2,513 4,901 2,388 4,775
5 24 20 1 63 63 32.0 62.4 2,011 3,921 1,910 1,910
6 0 0 32.0 62.4 0 0 0 0
7 0 0 32.0 62.4 0 0 0 0

Racking 0 0 0 32.0 62.4 0 0 0 0
Totals 6 531 w/o racking without racking 16,140

531 w/racking with racking 16,140
20 cy with racking % of total buoyant force due to racking 0.0%

Structure Ballast Requirements 15 cy with racking within log ballast zone

Saturated 
Alluvium 

Specific Weight

Water 
Specific 
Weight

Net/Bouyant 
Alluvium 
Specific 
Weight

Factor of 
Safety 

Submerged 
Ballast Weight 
Requirement

Submerged Ballast 
Volume 

Requirement 

Submerged 
Ballast Volume 
Requirement

Min Avg Depth 
of Ballast 
Over Each 

Log

Required 
Plan View 

Area of 
Backfill

Approximate 
Plan View 

Area of 
Backfill Ok?

lbf/ft
3 lbf/ft

3 lbf/ft
3 - lbf ft3 yd3 ft ft2 ft2 -

134 62.4 71.8 2 41,640 580 21 3.0 193 830 Yes

Density Sands and GravelsDensity - Sands and Gravels
(dry) (sat) (water) (buoyant) 2.8 (ft) min avg depth of ballast over each log assuming an average of 17' of each log is buried

kg/m3 kg/m3 kg/m3 kg/m3
2000 2150 1000 1150

DRAG CALCULATION
Specific Weight - Sands and Gravels

lbf/ft3 lbf/ft3 lbf/ft3 lbf/ft3 FD = 9,360 lbf
124.9 134.2 62.4 71.8 p = 62.4 lb/ft3

v = 2 ft/s
Assumptions Cd = 1.5
10% of volume for log w/out rootwad added to same size of log with rootwad A = 50 ft2

user input



Floodplain Roughening - Type 2
Project: White River at Countyline 
Project #: 10-04770-000
Completed By: MS
Completed On: 9/18/2012

Structure Buoyancy Calcs

Log Type
Avg 

Diameter Length Rootwad
Logs Per 
Structure

Individual Log 
Volume

Total Log 
Volume

Log Specific 
Weight

Water 
Specific 
Weight

Individual 
Log Weight

Individual 
Log Buoyant 

Force

Net Buoyant 
Force Per 

Log

Total Log 
Buoyant 

Force
- in ft - No. ft3 ft3 lbf/ft

3 lbf/ft
3 lbf lbf lbf lbf

1 24 30 X 3 104 311 32.0 62.4 3,318 6,469 3,152 9,455
2 0 0 32.0 62.4 0 0 0 0
3 0 0 32.0 62.4 0 0 0 0
4 0 0 32.0 62.4 0 0 0 0
5 0 0 32.0 62.4 0 0 0 0
6 0 0 32.0 62.4 0 0 0 0
7 0 0 32.0 62.4 0 0 0 0

Racking 0 0 0 32.0 62.4 0 0 0 0
Totals 3 311 w/o racking without racking 9,455

311 w/racking with racking 9,455
12 cy with racking % of total buoyant force due to racking 0.0%

Structure Ballast Requirements 9 cy with racking within log ballast zone

Saturated 
Alluvium 

Specific Weight

Water 
Specific 
Weight

Net/Bouyant 
Alluvium 
Specific 
Weight

Factor of 
Safety 

Submerged 
Ballast Weight 
Requirement

Submerged Ballast 
Volume 

Requirement 

Submerged 
Ballast Volume 
Requirement

Min Avg Depth 
of Ballast 
Over Each 

Log

Required 
Plan View 

Area of 
Backfill

Approximate 
Plan View 

Area of 
Backfill Ok?

lbf/ft
3 lbf/ft

3 lbf/ft
3 - lbf ft3 yd3 ft ft2 ft2 -

134 62.4 71.8 2 22,656 315 12 3.0 105 108 Yes

Density Sands and GravelsDensity - Sands and Gravels
(dry) (sat) (water) (buoyant) 3.1 (ft) min avg depth of ballast over each log assuming an average of 17' of each log is buried

kg/m3 kg/m3 kg/m3 kg/m3
2000 2150 1000 1150

DRAG CALCULATION
Specific Weight - Sands and Gravels

lbf/ft3 lbf/ft3 lbf/ft3 lbf/ft3 FD = 3,746 lbf
124.9 134.2 62.4 71.8 p = 62.4 lb/ft3

v = 2 ft/s
Assumptions Cd = 1.5
10% of volume for log w/out rootwad added to same size of log with rootwad A = 20 ft2

user input



Floodplain Roughening - Type 3
Project: White River at Countyline 
Project #: 10-04770-000
Completed By: MS
Completed On: 9/18/2012

Structure Buoyancy Calcs

Log Type
Avg 

Diameter Length Rootwad
Logs Per 
Structure

Individual Log 
Volume

Total Log 
Volume

Log Specific 
Weight

Water 
Specific 
Weight

Individual 
Log Weight

Individual 
Log Buoyant 

Force

Net Buoyant 
Force Per 

Log

Total Log 
Buoyant 

Force
- in ft - No. ft3 ft3 lbf/ft

3 lbf/ft
3 lbf lbf lbf lbf

1 24 30 X 1 104 104 32.0 62.4 3,318 6,469 3,152 3,152
2 24 25 X 1 86 86 32.0 62.4 2,765 5,391 2,626 2,626
3 0 0 32.0 62.4 0 0 0 0
4 0 0 32.0 62.4 0 0 0 0
5 0 0 32.0 62.4 0 0 0 0
6 0 0 32.0 62.4 0 0 0 0
7 0 0 32.0 62.4 0 0 0 0

Racking 8 23 0 8 0 32.0 62.4 257 501 244 0
Totals 2 190 w/o racking without racking 5,778

190 w/racking with racking 5,778
7 cy with racking % of total buoyant force due to racking 0.0%

Structure Ballast Requirements 5 cy with racking within log ballast zone

Saturated 
Alluvium 

Specific Weight

Water 
Specific 
Weight

Net/Bouyant 
Alluvium 
Specific 
Weight

Factor of 
Safety 

Submerged 
Ballast Weight 
Requirement

Submerged Ballast 
Volume 

Requirement 

Submerged 
Ballast Volume 
Requirement

Min Avg Depth 
of Ballast 
Over Each 

Log

Required 
Plan View 

Area of 
Backfill

Approximate 
Plan View 

Area of 
Backfill Ok?

lbf/ft
3 lbf/ft

3 lbf/ft
3 - lbf ft3 yd3 ft ft2 ft2 -

134 62.4 71.8 2 14,364 200 7 3.0 67 72 Yes

Density Sands and GravelsDensity - Sands and Gravels
(dry) (sat) (water) (buoyant) 2.9 (ft) min avg depth of ballast over each log assuming an average of 15' of each log is buried

kg/m3 kg/m3 kg/m3 kg/m3
2000 2150 1000 1150

DRAG CALCULATION
Specific Weight - Sands and Gravels

lbf/ft3 lbf/ft3 lbf/ft3 lbf/ft3 FD = 2,808 lbf
124.9 134.2 62.4 71.8 p = 62.4 lb/ft3

v = 2 ft/s
Assumptions Cd = 1.5
10% of volume for log w/out rootwad added to same size of log with rootwad A = 15 ft2

user input
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APPENDIX J 
 

60% Design Plans 
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