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PROJECT BACKGROUND 

Perrinville Creek drains approximately 920 acres in northern Edmonds and western Lynnwood. 

After collecting water from a broad plateau, Perrinville Creek drops about 400 feet in 

elevation over 1 mile, first passing though the heavily wooded 120-acre Southwest County 

Park and ultimately discharging into Browns Bay in Puget Sound adjacent to a residential 

neighborhood. Near its mouth, the creek passes beneath Talbot Road in a 30-inch-diameter 

concrete culvert (Figure 1). This culvert has been a documented barrier for anadromous 

salmonid passage since at least 1991 (R.W. Beck 1991). Replacement of this culvert is 

mitigation required by the Washington Department of Fish and Wildlife (WDFW). A Hydraulic 

Project Approval (HPA) permit was issued by WDFW to the City for an emergency Northstream 

culvert repair project in 2007-2008 at 12th Avenue North and Puget Drive. Replacing the fish 

passage barrier at the Talbot Road culvert was a condition of that HPA permit. 

The City of Edmonds (City) proceeded with a project to replace the Perrinville Creek culvert 

at Talbot Road in the fall of 2011. This report presents a preliminary project evaluation to 

enable selecting a preferred culvert replacement configuration. 
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Figure 1.  Project site vicinity map.
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EXISTING SITE CONDITIONS 

A thorough characterization of existing site conditions is important to inform analysis of 

culvert replacement alternatives, as well as to support eventual permit application 

documentation and detailed design development for a preferred alternative. This section 

describes the existing site conditions with respect to property ownership, utilities, roadway 

use, stream hydrology and hydraulics, sediment transport and deposition, riparian and 

upland vegetation, aquatic habitat, and soils and groundwater. Appendix A contains several 

photographs taken in the project area and upstream in Southwest County Park. Appendix B 

contains a project area base map, reflecting survey of topography, utilities, and other 

features in the project area performed in May and June of 2012. 

Property Ownership 

The existing culvert lies mostly within City-owned right-of-way for Talbot Road, with the 

downstream end of the culvert extending on to private property. Replacing the culvert will 

require construction work and a permanent maintenance easement on private property both 

upstream and downstream of Talbot Road. Numerous private residential parcels are located 

within the project site and in close proximity to it, as indicated on Figure 1. Residents living 

close to the project area will be affected by traffic disruptions and noise during construction. 

The parcels that will be most affected by the project are located at 8202 Talbot Road (the 

upstream end of the Talbot Road culvert), 8219 Talbot Road (straddling both sides of the 

creek, just downstream of the culvert outlet), and 8229 Talbot Road (straddling both sides of 

the creek, the next property downstream from 8219 on the northwest side of the road). 

Utilities 

There are several utilities in the Talbot Road right-of-way that lie between the road surface 

and the top of the existing culvert barrel. These include: 

 A 8-inch-diameter ductile iron water main pipe 

 A 8-inch-diameter concrete gravity sewer pipe 

 A 8-inch-diameter ductile iron forced sewer main pipe 

 A 2-inch-diameter natural gas pipe 

All but the gas line are owned and maintained by the City. The natural gas line is owned and 

maintained by Puget Sound Energy. According to City staff, each of these utility pipes is in 

good condition such that the project does not need to plan on any utility replacements for 

the sake of upgrading the condition of the pipe. However, excavation to remove the existing 

culvert and install a new culvert structure will require relocating these utilities unless they 

can be carefully supported across the open excavation during construction. The gravity sewer 

is closest to the elevation of the existing culvert. The culvert replacement alternatives 
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described later in this report all would fit beneath the gravity sewer pipe, but with minimal 

room to spare. Thus, the City is interested in casing the existing (or replaced) gravity sewer 

pipe regardless of the configuration of the replacement culvert. 

If temporary shoring measures are used to limit the bottom dimensions of an open excavation 

for culvert replacement, installation of a shoring system will be a challenge given the four 

utility lines that will cross through the open cut. This is one reason to consider relocating the 

utility pipes as part of the project. If the gas line is relocated, Puget Sound Energy would bear 

the responsibility for that construction work, in advance of the City’s construction work for 

all other project elements. 

In addition, an overhead power line is located along the west road shoulder. This overhead 

power line slightly constrains maneuverability of construction equipment. 

Roadway Use and Characteristics 

Talbot Road is classified as a local access street with a primary function of providing access to 

residences between Olympic View Drive in the south and 171st Street SW in the north, which 

connects to 76th Avenue W. The average daily traffic (ADT) volumes on Talbot Road at the 

project site are low at less than 1,000 vehicles, and the speed limit is 25 mph. 

The roadway grade is about 6 percent sloping toward the south in the project area. Talbot 

Road has a cross section of two 10-foot-wide lanes with a 6-foot-wide asphalt sidewalk on the 

west side. The sidewalk was paved in asphalt lifts over the existing roadway, thus forming an 

informal asphalt curb with a height of 4 inches. There is an existing gravel shoulder/parking 

area south of the Perrinville Creek culvert crossing on the east side of the roadway. At the 

culvert crossing there is no shoulder. North of the culvert area, there is a 4-foot-wide asphalt 

shoulder. The existing right-of-way width is 48 feet. 

Talbot Road is built on fill over the Perrinville Creek culvert. The height of fill above the 

creek bed is 12 to 14 feet in the immediate vicinity of the culvert. The earthen embankment 

on the east side of the road (upstream end) in the culvert area extends down to the creek 

banks and a low headwall surrounding the culvert entrance, at approximately a 2H:1V 

(horizontal to vertical) slope. West of the sidewalk bordering the southbound roadway lane, a 

rockery varying in height from 4 feet to 8 feet stands on top of a 2H:1V earthen slope that 

extends down to the creek banks. 

The existing pavement section is unknown. The roadway has been patched in a few locations 

for utility improvements, notably around two catch basins located north of the culvert. The 

roadway pavement is in fair condition, however there are signs of pavement distress south of 

the culvert including longitudinal, transverse, and block cracking. Figure 2 is a photo of the 

roadway looking south at the project site. 

Existing Hydrologic and Hydraulic Characteristics 

The upstream-most portion of Perrinville Creek lies near the intersection of Olympic View 

Drive and 76th Avenue West, just north of a US Post office. However, the headwaters of the 

watershed extend upstream via storm drain networks that drain residential developments in 
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Edmonds and Lynnwood. Figure 3 illustrates the boundaries of the Perrinville Creek watershed 

and the extent of the storm drain network within the City of Edmonds’ jurisdiction. Because 

very little of the runoff from developed areas in the headwaters area is subject to flow 

control, Perrinville Creek experiences flashy peak flows during storm events. It is estimated 

that the 2-year recurrence peak discharge in the creek is now over 100 percent higher than 

the same event under old growth conditions (Pentec 1998). These severe changes in the 

hydrologic regime have resulted in higher flow velocities and an increased frequency of 

scouring events that mobilize sediment and cause channel incision in the reach of the creek 

flowing through a ravine in Southwest County Park. The eroded sediment that is delivered to 

and accumulated in the lower reach of the creek at and downstream of Talbot Road is a 

chronic problem for the City, and it affects design of this project. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Talbot Road Looking South at the Culvert Crossing Area. 

Perrinville Creek Streamflow 

Streamflow in Perrinville Creek has not been measured at or near the project site. The flow 

characteristics described here were reported by Pentec Environmental (1998) and were 

based on observations and hydrologic modeling performed by R.W. Beck using the US Soil 

Conservation Service TR-20 computer model (R.W. Beck 1991). The TR-20 model is a storm 

event-based surface water hydrologic model applied at a watershed scale that simulates peak 

flows using a unit hydrograph (NRCS 2009b). Table 1 presents the model-predicted flows for 

Perrinville Creek at the culvert under Talbot Road for what R.W. Beck referred to as existing 

and future (i.e., full build out) conditions (R.W. Beck 1991). 
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Table 1. Flow Frequencies for Perrinville Creek at Talbot Road Culvert. 

Statistical Return Interval 
(years) 

Existing Conditions Flows 
(cfs) 

a
 

Projected Future Conditions Flows 
(cfs)

 a
 

2 49 63 

5 75 92 

10 95 112 

100 203 225 

a Source: Edmonds drainage basin studies: Edmonds Way, Perrinville, and Meadowdale Basins (R.W. Beck 
1991) 

cfs = cubic feet per second 

 

These estimated flow rates are questionable given observations of creek flow characteristics 

at Talbot Road, as described later in this report. However, because they are the only flow 

rates available to work from, the hydraulic analysis performed for preliminary project 

planning was based upon the future conditions flows. 

The City constructed a high flow diversion structure in Perrinville Creek downstream of Talbot 

Road in 1994 to prevent flooding of residential properties during major rain storms. When 

the water level rises high enough in the creek, excess flow spills into this diversion structure. 

The frequency of flow diversion is affected by sediment accumulation in the creek channel, 

described further in the following section. A 42-inch-diameter pipe extends from the 

diversion structure to the Puget Sound shoreline with an outfall located approximately 

100 feet northeast of the creek outfall. 

Geomorphic Characteristics 

The Talbot Road crossing is located upstream of and perhaps at the apex of a historic alluvial 

fan in Perrinville Creek. Alluvial fans develop where streams emerge from steep, confined, 

upland reaches and flow into broad alluvial floodplains or other large water bodies, such as 

Puget Sound. The corresponding reduction in sediment transport capacity yields the deposition 

of sedimentary material that forms a fan-like shape. Many factors influence the shape and 

character of an alluvial fan, including the geology of the eroding source area, the flood 

frequency, the topography, and the land cover. 

In undisturbed watersheds, large quantities of sediment generally reach alluvial fans 

episodically, during flood events or debris flows. However, land use changes that result in 

alterations to upland hydrology and sediment transport may increase the frequency and 

volume of sediment deposition within alluvial fans. Natural geomorphic processes within the 

Perrinville Creek alluvial fan have likely been exacerbated by upstream land use changes, 

contributing to increased sedimentation in the project reach. Additionally, sediment 

deposition within the confined channel of Perrinville Creek where it passes through 

residential yards in the reach between the high flow diversion structure and the culvert 

beneath the Burlington Northern Santa Fe Railway tracks has further restricted conveyance 

capacity, and compounded the hydraulic characteristics that cause sediment deposition at the 

lower end of the in the project reach. In natural settings an alluvial fan will spread across a 

floodplain. In lower Perrinville Creek, the alluvial fan is confined within the channel that is 
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constrained by adjacent private property use, and that is causing chronic sediment 

accumulation within the channel. The reduced channel cross-section area available to convey 

high flows presents flooding risks to the private properties downstream of Talbot Road. The 

flood risk, stemming from the prevailing geomorphic conditions, was part of the reason that 

the City installed the high flow diversion structure in the 1990s. 

Geomorphic Reconnaissance Methods 

A geomorphic reconnaissance of Perrinville Creek was conducted on May 10, 2012, involving 

two Herrera project team members and Jaime Hawkins of the City. Although the channel 

geomorphology is detailed in two primary reports, the Edmonds Stream Inventory and 

Assessment Report (Pentec 2002) and the Perrinville Creek Streambank Stabilization Report 

(Pentec 1998), the most recent report is approximately 10 years old; thus, one goal of the May 

2012 geomorphic reconnaissance was to verify current geomorphic conditions relative to the 

conditions previously documented. The geomorphic reconnaissance sought to accomplish two 

additional objectives important to evaluating culvert replacement alternatives at Talbot Road: 

 Characterization of the ongoing and potential future sources of sediment production, 

including the grain size distribution of bedload sediments likely to deposit in the 

project reach 

 Documentation of general geomorphic conditions of the channel network to describe 

the sediment transport potential in the channel network, and the likely patterns of 

sediment routing from the upper watershed to the project reach 

The reconnaissance began at the high flow diversion structure downstream of Talbot Road, 

and continued upstream of Talbot Road along the main channel of Perrinville Creek to the 

US Post Office property. 

During the geomorphic reconnaissance, Wolman pebble counts (Wolman 1954) were performed 

at three locations to characterize the grain size distribution of surface and subsurface 

sediments: 

 Pebble count #1 – from the deposited material at and immediately upstream of the 

high flow diversion structure (this location is indicated on Figure 1) 

 Pebble count #2 – from a gravel bar upstream of Talbot Road at GPS #1 (located as 

shown on the inset to Figure 3) 

 Pebble count #3 – from a gravel bar upstream of the ravine and upstream of 

Southwest County Park at GPS #19 (located as shown on Figure 3) 

Wolman pebble counts are conducted by randomly selecting a minimum of 100 particles from 

within a channel transect at the sampling location and measuring the intermediate axis 

(B-axis) of each particle selected. The results are categorized using the Wentworth 

classification scheme and the psi (ψ) scale in 0.5 ψ increments (Schuett-Hames et al. 1999, 

Bunte and Abt 2001). The ψ scale produces increasingly larger values as particle sizes increase 

from sand to boulders. Ψ units are computed from the particle’s measured intermediate 

axis, D, in units of millimeters using the equation ψi = log2 (Di). The cumulative percent for 
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each ψ scale class is the cumulative percentage finer than the size class immediately larger. 

Plotting the grain size distribution results indicates the grain size (nominal diameter) at 

which a percentage of the sediment sample, by number, is finer (smaller) than. For example, 

16 percent of the sample material in the pebble count had grain sizes smaller than the D16, 

and 84 percent of the sample material had grain sizes smaller than the D84. 

Channel substrate surface armoring was also evaluated for each of the pebble count sampling 

locations as a metric for comparing sediment transport capacity to sediment supply. The 

surface armor ratio is measured by the ratio of the D50 of surface material to the D50 of 

subsurface material. Armoring can occur when channels experience sediment supply-limited 

conditions (i.e., when the sediment transport capacity exceeds the sediment supply, Dietrich 

et al. 1989). Sediment deposition in alluvial fan areas, such as the lower reach of Perrinville 

Creek downstream of the Talbot Road culvert, generally occurs in sporadic pulses when the 

sediment supply temporarily exceeds the sediment transport capacity. The City has observed 

such pulses of sediment deposition downstream of Talbot Road. When subsequent flows carry 

relatively less sediment with them, the channel bed will coarsen, thus resulting in a surface 

armoring effect. Armoring can prevent natural channel habitat, such as pools, from forming, 

and can hinder spawning success (Kondolf 2000). 

Geomorphic Reconnaissance Results 

This section presents the results of the geomorphic reconnaissance with respect to the two 

primary objectives of characterizing the sediment supply and the overall geomorphic 

conditions of Perrinville Creek.  

Perrinville Creek Sediment Supply Characterization 

The pebble count results are presented in Table 2. Pebble count #1 near the high flow 

diversion structure provides information on the size of material typically depositing in the 

channel where sediment removal operations are performed by the City on an annual basis. 

Pebble counts #2 and #3 provide information on the size of material in bedload bar deposits 

that represent likely future sediment sources to the Perrinville Creek channel near the Talbot 

Road crossing. A grain size distribution developed from the pebble counts was used for the 

sediment transport evaluation described later in this report. 

Table 2. Perrinville Creek Pebble Count Results. 

Location 

Surface (mm) Subsurface (mm) 

Armor 
Ratio D16 D50 D84 D90 

% 
Sand D16 D50 D84 D90 

% 
Sand 

1. High Flow Diversion 17.8 38.1 61.0 70.5 5.6 7.1 14.4 41.6 55.4 38.8 2.6 

2. Upstream of Talbot 

Road 

9.1 19.5 52.4 61.8 14.2 8.0 15.2 28.5 33.6 32.9 1.3 

3. Upper Watershed Bar 12.9 25.2 42.8 49.4 4.8 8.8 16.0 29.5 33.1 21.9 1.6 

Mean 13.3 27.6 52.1 60.6 8.2 8.0 15.2 33.2 40.7 31.2 1.8 
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The pebble count results indicate that the bedload material moving through Perrinville Creek 

is dominantly coarse gravel, a common characteristic of similarly-sized watersheds in the 

Puget Lowland region, and in a size range that can support salmonid spawning habitat. 

Although a pebble count is not capable of measuring the percent fine material (silt or clay), 

very little fine material was observed at the pebble count locations or in the channel bed 

throughout the evaluated reach. Coarse sand was noted throughout Perrinville Creek in the 

reconnaissance, with observations of between 20 percent and 30 percent sand in the 

subsurface pebble counts. 

Table 2 also presents estimates of the surface armor ratio at each of the locations where 

pebble counts were performed. The pebble count results indicate some slight armoring at the 

high flow diversion structure area, and minimal armoring at the upstream pebble count 

locations (where the armor ratios were measured to be close to 1). This finding seems 

consistent with the observations that some coarse sediment material is being trapped and 

deposited upstream of the undersized Talbot Road culvert, and sand may be dropping out of 

suspension in the large culvert outlet plunge pool downstream of Talbot Road. However, it is 

possible that the results from pebble count #1 at the high flow diversion structure are 

influenced by the sediment removal activities there. Yet, the armor ratio at the high flow 

diversion area may be expected to decrease in response to a larger replacement culvert that 

allows increased sediment transport through the Talbot Road crossing. 

Overall Stream Geomorphology of Perrinville Creek 

The Perrinville Creek channel within the project reach downstream of Talbot Road is 

characterized by plane-bed morphology (Montgomery and Buffington 1997). This type of 

channel morphology includes an average channel bed slope of approximately 2 percent and 

sandy cobble and gravel substrate. Also, other than the plunge pool located immediately 

downstream of the perched Talbot Road culvert and the gravel deposition around and 

upstream of the high flow diversion structure, the channel maintains a fairly uniform cross-

section with very little physical complexity and very little heterogeneity of plan form or 

topographic features. 

Cobble and gravel deposition in the Perrinville Creek channel upstream of Talbot Road 

provide evidence of backwater conditions and inadequate flow and sediment conveyance 

capacity through the existing 30-inch diameter culvert during sediment-transporting events. 

The channel maintains plane-bed morphology (Montgomery and Buffington 1997) and a 

channel bed slope (about 3.5 percent) that is flatter than natural through the backwatered 

portion of the upstream reach (from the Talbot Road culvert inlet to approximately 200 feet 

upstream of the road). 

Upstream of the backwater-influenced reach through Southwest County Park, the Perrinville 

Creek channel passes through a deep ravine that naturally confines the channel. The channel 

is dominated by forced pool-riffle and cascade morphology and the channel gradient ranges 

between 4 and 8 percent (Montgomery and Buffington 1997). Large woody debris (LWD) jams, 

which are lacking downstream, are present in this reach, and native riparian vegetation 

dominates, with a mixed coniferous/deciduous canopy. Channel adjustments (e.g., incision) 

to increased peak flows were observed throughout this entire reach. The channel has mostly 
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incised through any recessional outwash deposits that previously existed and is still actively 

incising through some very unstable gravelly sandy loamy soils of the Alderwood soil series, 

as well as some compacted but highly erodible advance outwash sands. In some places, the 

channel has already cut down a few feet into the Lacustrine/Lawton clay which forces the 

creek into some small canyons. Bank and hillslope failures, likely triggered by channel and toe 

scour, are prevalent throughout the ravine reach (see Figure 4), and especially along the left 

bank (facing downstream). Although many of the scars from the hillslope failures appeared 

to be more than 15 years old, the steep, vertical banks and the erodible sandy bank material 

have created a situation that is not likely to naturally readjust to the altered hydrologic 

regime any time soon. Thus, the sand suspended in creek flows that is derived from the 

eroding banks and the coarse bedload easily transported through the incised channel cross-

section are likely to continue providing a large volume of sediment to the lower reach of the 

creek near Talbot Road during even the smallest rainfall events, and likely for many years to 

come. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Example of Typical Ravine Erosion Along Perrinville Creek. 

Upstream of Southwest County Park, the Perrinville Creek floodplain broadens and the channel 

is much less confined by the ravine. The channel gradient slowly flattens (in the upstream 

direction) to about 2 percent and the channel exhibits plane-bed and pool-riffle morphology. 

The channel passes through several residential properties in this area, some with native 
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vegetation to the waterline while others have landscaped lawns. The vegetative canopy has 

fewer conifers in this reach compared to downstream reaches. The channel substrate is 

underlain by recessional outwash and alluvium deposits and is characterized by gravel. 

Riparian Vegetation 

The riparian zone within the project area is composed of a combination of native mixed forest 

and landscaped upland areas. The upstream portion of the project area, extending to a 

distance of approximately 300 feet upstream of Talbot Road, exhibits a dense, intact mixed 

forest community, with a relatively even distribution of deciduous and coniferous tree species 

and a well-developed understory (see photo in Figure 5). The dominant tree species include 

bigleaf maple (Acer macrophyllum), red alder (Alnus rubra), western red cedar (Thuja 

plicata), and western hemlock (Tsuga heterophylla). Common understory species here include 

salmonberry (Rubus spectabilis), sword fern (Polystichum munitum), and foam flower 

(Tolmiea menziesii). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Photograph Depicting Typical Riparian Vegetation and Aquatic Habitat 

Conditions at the Upstream End of the Project Area for the Perrinville Creek 

Culvert Replacement at Talbot Road. 

Directly upstream of Talbot Road, much of the natural riparian understory has been cleared 

for residential landscaping purposes. Dominant vegetation species on the creek banks here 

include velvetgrass (Holcus lanatus), creeping buttercup (Ranunculus repens), reed 

canarygrass (Phalaris arundinacea), and English ivy (Hedera helix). A variety of ornamental 
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shrubs have been planted near the stream (e.g., Rhododendron spp.). The tree canopy is less 

dense in this area (see photo in Figure 6), and it is dominated primarily by deciduous species, 

such as bigleaf maple and red alder. 

Downstream of Talbot Road, the mature tree canopy has been cleared to a large extent and 

the riparian corridor within approximately 10 feet of the stream is dominated by a dense 

combination of young trees and tall shrubs including red alder, salmonberry, and willow (see 

photo in Figure 7). Invasive plant species are common in this area, such as reed canarygrass 

and Himalayan blackberry (Rubus armeniacus). The outer portion of the riparian zone has 

been cleared as part of yard and driveway maintenance associated with the onsite residence. 

Aquatic Habitat 

Available information indicates the upper reaches of Perrinville Creek (upstream of Talbot 

Road) support resident cutthroat trout and the lower reach supports anadromous fish, namely 

coho salmon (WDFW 2009, 2012). Cutthroat trout have also been seen by City Staff in the 

lower reach near the diversion structures during maintenance activities. The culvert beneath 

Talbot Road presents a barrier to upstream migration of anadromous fish due to the plunge of 

over 2 feet at the outlet of the perched culvert. 

Upstream of Talbot Road, Perrinville Creek’s instream habitat is of moderate quality and is 

dominated by high to low gradient riffle and pool habitat types. Channel complexity at the 

upper end of the project area is moderate to high, with many riffle-pool complexes and many 

habitat features (e.g., in-channel wood and boulders). 

Directly upstream of Talbot Road, as the stream channel flows through landscaped areas, 

stream complexity is reduced as evidenced by a straightened and confined channel lacking 

instream habitat features (see Figure 6). The dominant habitat type in this area is low 

gradient riffle. Cover of overhanging trees and shrubs is also much lower in this area, with 

tree canopy cover at approximately 40 to 60 percent and very few overhanging shrubs. 

The dominant channel substrate observed upstream of Talbot Road consists of small gravels 

and cobbles over sand, with boulders present in the upper portion of the project area. 

Gravels suitable for spawning were observed in some areas throughout the project reach. As 

observed on May 10, 2012, the stream channel upstream of the Talbot Road culvert exhibited 

an average wetted width of approximately 5 to 6 feet and an average wetted depth of 

approximately 2 to 4 inches during relatively low flow conditions. 

Downstream of Talbot Road and extending to the high-flow diversion structure, instream 

habitat is of moderate to low quality because the stream banks are armored to a certain 

extent, channel complexity is low due to the confined channel banks, and habitat features 

are lacking (e.g., lack of in-channel wood). A large plunge pool has developed at the outlet of 

the culvert under Talbot Road, with a maximum depth of approximately 3 feet during higher 

flow conditions (see photo in Figure 8). Downstream of the plunge pool, the dominant habitat 

is low gradient riffle. Streamside cover has been cleared to a certain extent in places 

surrounding the plunge pool, residential driveway bridge, and high-flow diversion structure, 

but is otherwise dense with shrubs functioning to shade the channel. 
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Figure 6. Photograph Depicting Typical Riparian Vegetation and Aquatic Habitat 

Conditions Immediately Upstream of Talbot Road. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7. Photograph Depicting Typical Riparian Vegetation and Aquatic Habitat 

Conditions Immediately Downstream of Talbot Road. 
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Figure 8. Photo of Culvert Outlet Plunge Pool Downstream of Talbot Road. 

Substrate within the plunge pool is primarily sand. The dominant substrate type downstream 

of the plunge pool to the high flow diversion structure is gravel and cobble over sand, with 

some pieces of dislodged riprap in the vicinity of the driveway bridge. Suitable spawning 

gravels were observed in numerous locations throughout the reach. As observed on May 10, 

2012, the stream channel downstream of the plunge pool exhibited an average wetted width 

of approximately 5 to 7 feet and an average wetted depth of approximately 2 to 6 inches. 

Soils and Groundwater 

Detailed information on geotechnical characteristics of the site are provided in the report in 

Appendix C. A summary of soil and groundwater characteristics is provided here. 

The soils beneath Talbot Road in the culvert crossing area are comprised of fill over native 

soils interpreted as Whidbey Formation deposits and Double Bluff Drift glacial till deposits. 

The fill typically consists of loose to medium dense sand with gravel and trace silt and 

extends down to about creek bed elevation. The underlying Whidbey Formation typically 

consists of medium dense to very dense sand with variable gravel content and trace silt. Two 

geotechnical borings drilled at the site in May 2012 found this soil layer extending to a depth 

of about 53 feet below road grade. Double Bluff Drift glacial till consisting of very dense silty 

sand with gravel was encountered below the Whidbey Formation deposits. 

Two zones of groundwater were encountered in the geotechnical borings. The upper 

groundwater zone was encountered near the creek elevation. This upper zone of groundwater 

is interpreted to represent water infiltrating into the sandy site soils from the creek and from 

perched groundwater that may be present at the bottom of the road fill embankment. 
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Groundwater just beneath the creek bed will require water management measures during 

construction of the modified streambed and replacement culvert foundation. 

The lower zone of groundwater was encountered at a depth of about 34.5 to 35 feet below 

road grade. The lower groundwater zone is interpreted to represent the local phreatic 

groundwater surface. This deeper groundwater zone will not likely be an issue for project 

design and construction because the proposed culvert foundation can be effectively built at 

shallow depth below the creek bed. 

Recommendations for temporary excavation slopes and shoring of excavations, and reuse of 
excavated soils, are provided in the report in Appendix C. 
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PRELIMINARY DESIGN ANALYSIS 

Applicable Design Criteria 

Design of a new culvert structure and associated stream channel modifications, roadway 

modifications, and any utility modifications is subject to design criteria for several different 

components of the project. These criteria are described in the following subsections. 

Culvert Sizing 

Any replacement culvert for this site is subject to WDFW fish passage design criteria (WDFW 

2003). The logical WDFW design option for this site is a “stream simulation” culvert. The 

WDFW criteria for stream simulations included a structure width based on the following 

formula: 

W (interior width at channel bed elevation) = 1.2 x bankfull channel width + 2 feet 

The bankfull channel width was measured at several locations in the project area during 

field work conducted on May 10, 2012. The average of those measurements indicates that a 

bankfull channel width of 11 to 11.5 feet should be assumed. Based on that dimension, a new 

culvert structure will require an interior width of 16 feet (minimum). 

Stream Channel Modifications 

The new culvert structure will require altering the stream channel bed elevation and banks at 

the upstream and downstream ends of the culvert, and extending for a distance both 

upstream and downstream to taper to the existing channel dimensions. These physical 

modifications will readily enable enhanced aquatic and riparian habitat to be incorporated in 

the project. Design of the channel bed and banks is subject to design criteria and guidelines 

established by WDFW (2003) and Cramer (2012), including guidance for instream log and 

boulder placements, stabilization of modified banks, and riparian plantings. 

Utilities 

Water, sewer, and natural gas service along Talbot Road must remain operational during 

project construction, and following project construction the City wants them to remain in 

the roadway right-of-way above the new culvert structure. If the existing utility pipes are left 

in place as they are during construction, vertical and lateral support measures will be needed 

to prevent rupture of the utility pipe spanning the large excavation for culvert installation. 

Temporary and/or permanent realignments of the four utility pipes within the proposed 

excavation area is acceptable to the City. Any new utility pipes, whether temporary or 

permanent, will need to have equal or greater capacity as the existing pipes, and will need 

to meet City standards for pipe material, manholes, fittings, and other appurtenances. 



 

November 2012 

18 Existing Site Conditions & Culvert Alternatives Analysis – Perrinville Creek Culvert Replacement at Talbot Road 

Roadway 

Following installation of a new culvert structure, the roadway cross section must be restored 

in accordance with the City of Edmonds 2009 Transportation Plan. Lane widths will remain at 

10 feet. A 6-foot-wide sidewalk will be restored on the west side of the roadway. Pavement 

restoration will meet the guidance of City of Edmonds Standard Detail E2.3. 

For roadside safety, a guardrail is proposed on both sides of the roadway above the sloped 

earthen embankments. On the east side, 4 feet of widening is proposed adjacent to the 

northbound lane to provide for the installation of guardrail and 2 feet of “shy” distance to the 

face of the guardrail. On the west side of the roadway, 2 feet of widening is proposed behind 

to the sidewalk to provide for the installation of guardrail. It is assumed that the new 

sidewalk and curb will be made of asphalt, matching the existing configuration. 

Hydraulic Analysis 

Methods of Analysis 

Hydraulic modeling was performed to support the engineering design and to evaluate 

potential upstream and downstream impacts of the proposed project on surrounding 

properties and infrastructure, most notably the existing Perrinville Creek high flow diversion 

structure that is located approximately 200 feet downstream of the culvert outlet. Hydraulic 

modeling was performed using the Hydrologic Engineering Center - River Analysis System 

(HEC-RAS) software program (version 4.1) developed by the US Army Corps of Engineers 

Hydrologic Engineering Center. HEC-RAS is a one-dimensional water surface profile program 

that is capable of modeling steady and unsteady, gradually varied flow. The computational 

procedure of a steady-state HEC-RAS model is based on solving the energy equation and 

energy losses between channel/floodplain cross-sections. Energy losses are evaluated based 

on friction (Manning’s roughness) and contraction/expansion (coefficient multiplied by the 

change in velocity head). 

A steady-state HEC-RAS model was developed for a reach of Perrinville Creek spanning the 

project site (from approximately 300 feet upstream of the Talbot Road culvert downstream to 

the high flow diversion structure). In order to initiate the step-backwater surface profile 

calculations of the HEC-RAS model, three general data elements are required: 1) flows to be 

simulated, 2) channel and floodplain topography (represented by topographic cross-sections 

perpendicular to the flow path), and 3) hydraulic roughness characteristics of the channel and 

floodplain, which can vary at each cross-section. 

Steady-state flow scenarios were modeled to evaluate hydraulic characteristics for the pre-

project and post-project project site conditions. The following discussion briefly summarizes 

the geometric layouts, flow file, model plans, model boundary conditions, and the HEC-RAS 

model results for the study reach of Perrinville Creek. Figure D-1 shows the locations of cross-

sections in the Perrinville Creek study reach that were used in the HEC-RAS model. 

The following two model scenarios were developed: 
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1. Pre-project conditions model based on topographic survey conducted in June 2012 and 

augmented with existing lidar data 

2. Post-project conditions model to evaluate the hydraulic effects of replacing the 

existing culvert with a much larger culvert in which a natural streambed can be 

constructed and maintained. As described later in this report, the new culvert 

structure will need to be at least 16 feet wide to meet WDFW criteria (WDFW 2003). 

A range of flows were modeled including the 2-year, 5-year, 10-year, and 100-year return 

interval flows under both the “existing” and “future” conditions scenarios for the basin 

defined by the drainage basin study for Perrinville Creek (R.W. Beck 1991, see Table 1 above). 

Additional flows between the 2-year and 5-year return interval flows were modeled in an 

effort to estimate the hydraulic capacity of the existing Talbot Road culvert crossing (in a 

scenario where Talbot Road overtops). 

Pre-project Conditions Model 

Cross section, culvert, and bridge data (for the small residential driveway bridge downstream 

of Talbot Road) were derived from the topographic survey conducted in June 2012 and 

augmented with existing lidar data. The Talbot Road culvert was modeled as a 30-inch-

diameter concrete pipe with protruding inlet. The existing culvert inlet is more complex than 

this, including an overflow inlet in the top of the pipe and a trash rack to collect debris. 

HEC-RAS does not allow the user to model this specific inlet scenario. However, assuming that 

some debris reduces the overall capacity of the 2-orifice-inlet, and that the culvert flows 

with a full barrel at peak discharges, the overall flow capacity predicted by HEC-RAS should 

be similar to the existing structure. 

Hydraulic roughness parameters were selected based on field observations and the Cowan 

Method (Cowan 1956). Channel roughness values of 0.065 and 0.06 were used upstream and 

downstream of Talbot Road, respectively. A roughness value of 0.1 was used above the 

Ordinary High Water Mark (OHWM) of the creek where native riparian vegetation or dense 

invasive vegetation was observed during field reconnaissance in May 2012. A roughness value 

of 0.05 was used for areas above the OHWM covered with turf grass. A calibration of the 

model was not performed, but simulation of the 2-year return interval flow using the 

roughness values noted above corresponded approximately with OHWM indicators observed in 

the field, indicating these roughness are reasonably accurate. 

To inform future hydraulic analyses, an investigation of varying hydraulic characteristics of 

the high flow diversion structure (including the sutro weir orifice) was conducted for two 

different fixed channel conditions at the downstream boundary: 

1. Sediment accumulation to the typical level that occurs each winter (and that was 

observed in June 2012) 

2. A freshly dredged condition that is typically achieved each summer after City 

maintenance staff remove accumulated sediment at this location, at which time the 

hydraulic capacity of the sutro weir is at its greatest 
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Figure 9 shows each of these conditions. 

The modeling of pre-project conditions did not use rating curves for a downstream boundary 

condition, and instead used uniform flow conditions at the downstream boundary, wherein a 

water surface elevation is assumed and factors influencing that water surface elevation are 

ignored. Similarly, uniform flow conditions were assumed at the upstream boundary of the 

hydraulic model. 

Post-project Conditions Model 

The post-project conditions model included an alternative crossing at Talbot Road based on 

preliminary designs for a stream simulation culvert. The post-project replacement culvert 

condition that was modeled is comparable to Alternative 2 described later in this report, 

which includes a 16-foot-wide bottomless concrete box culvert with a constructed channel 

having approximate bankfull channel dimensions of 11 feet wide and 2 feet deep. Model cross 

sections immediately upstream and downstream of the new culvert were modified to reflect 

the proposed changes in stream channel and culvert gradient. 

Hydraulic roughness values remained consistent between pre-project and post-project 

conditions models. 

As with the pre-project conditions model, both upstream and downstream boundary 

conditions were assumed to be uniform flow conditions. To better understand the flooding 

hazards in the project reach and the dynamic interaction of the creek water level with the 

high flow diversion structure, future hydraulic model runs during design development may use 

a downstream boundary condition based on estimated stage-discharge curves that reflect 

varying discharge capacity as a function of sediment accumulation depths at the high flow 

diversion structure.  

Results 

Detailed hydraulic model results and profiles are presented in Appendix D. Table 3 provides a 

summary of hydraulic model results for pre- and post-project conditions at two representative 

cross-section locations both upstream and downstream of Talbot Road. Table 3 reports results 

for water surface elevations and depths, flow velocities, and channel shear stress. Figures 10 

and 11 present simulated water surface elevation profiles for the range of flows modeled 

under pre-project conditions with “existing” flows and post-project conditions with “future” 

flows, respectively. 

The model results for pre-project and post-project conditions show that the channel banks 

would overtop downstream of the small driveway bridge that is between Talbot Road and the 

downstream model boundary under 2-year return interval and greater flood events. As noted 

in the hydrology discussion above, the modeled flows may be overestimated for a given return 

interval, and thus the simulated water surface elevations and flow velocities may be higher 

than reality. 
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Figure 9. Sutro Weir and High Flow Diversion Structure Area Before and After 2012 

Sediment Removal. 
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Table 3. Summary of Hydraulic Model Results for Pre- and Post-project Conditions at 
Selected River Station Locations. 

River 
Station 
(Cross 

Section) Profile Plan 

Total 
Flow 
(cfs) 

Minimum 
Channel 
Elevation 

(ft) 

Water 
Surface 

Elevation 
(ft) 

Velocity 
Channel 

(ft/s) 

Shear 
Stress in 
Channel 
(lb/sq ft) 

Maximum 
Channel 

Depth 

59.72958 72% of Q2 Pre-project Existing Flows 35 20.08 21.47 3.48 1.32 1.39 

59.72958 72% of Q2 Post-project Existing Flows 35 20.08 21.47 3.48 1.32 1.39 

59.72958 72% of Q2 Pre-project Future Flows 45 20.08 21.66 3.66 1.4 1.58 

59.72958 72% of Q2 Post-project Future Flows 45 20.08 21.66 3.66 1.4 1.58 

59.72958 Q2 Pre-project Existing Flows 49 20.08 21.73 3.72 1.43 1.65 

59.72958 Q2 Post-project Existing Flows 49 20.08 21.73 3.72 1.43 1.65 

59.72958 Q2 Pre-project Future Flows 63 20.08 21.95 3.91 1.51 1.87 

59.72958 Q2 Post-project Future Flows 63 20.08 21.95 3.91 1.51 1.87 

59.72958 Q5 Pre-project Existing Flows 75 20.08 22.13 4.06 1.57 2.05 

59.72958 Q5 Post-project Existing Flows 75 20.08 22.13 4.06 1.57 2.05 

59.72958 Q5 Pre-project Future Flows 92 20.08 22.34 4.29 1.68 2.26 

59.72958 Q5 Post-project Future Flows 92 20.08 22.34 4.29 1.68 2.26 

59.72958 Q10 Pre-project Existing Flows 95 20.08 22.38 4.31 1.69 2.3 

59.72958 Q10 Post-project Existing Flows 95 20.08 22.38 4.31 1.69 2.3 

59.72958 Q10 Pre-project Future Flows 112 20.08 22.58 4.47 1.75 2.5 

59.72958 Q10 Post-project Future Flows 112 20.08 22.58 4.47 1.75 2.5 

59.72958 Q100 Pre-project Existing Flows 203 20.08 22.95 6.4 3.36 2.87 

59.72958 Q100 Post-project Existing Flows 203 20.08 22.95 6.4 3.36 2.87 

59.72958 Q100 Pre-project Future Flows 225 20.08 23.03 6.78 3.73 2.95 

59.72958 Q100 Post-project Future Flows 225 20.08 23.03 6.78 3.73 2.95 

175.5601 72% of Q2 Pre-project Existing Flows 35 22.89 24.3 4.69 2.33 1.41 

175.5601 72% of Q2 Post-project Existing Flows 35 22.89 24.3 4.69 2.33 1.41 

175.5601 72% of Q2 Pre-project Future Flows 45 22.89 24.54 4.83 2.36 1.65 

175.5601 72% of Q2 Post-project Future Flows 45 22.89 24.54 4.83 2.36 1.65 

175.5601 Q2 Pre-project Existing Flows 49 22.89 24.63 4.88 2.37 1.74 

175.5601 Q2 Post-project Existing Flows 49 22.89 24.63 4.88 2.37 1.74 

175.5601 Q2 Pre-project Future Flows 63 22.89 24.92 5.04 2.41 2.03 

175.5601 Q2 Post-project Future Flows 63 22.89 24.92 5.04 2.41 2.03 

175.5601 Q5 Pre-project Existing Flows 75 22.89 25.15 5.16 2.46 2.26 

175.5601 Q5 Post-project Existing Flows 75 22.89 25.15 5.16 2.46 2.26 

175.5601 Q5 Pre-project Future Flows 92 22.89 25.46 5.25 2.45 2.57 

175.5601 Q5 Post-project Future Flows 92 22.89 25.46 5.25 2.45 2.57 

175.5601 Q10 Pre-project Existing Flows 95 22.89 25.51 5.27 2.46 2.62 

175.5601 Q10 Post-project Existing Flows 95 22.89 25.51 5.27 2.46 2.62 
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Table 3 (continued). Summary of Hydraulic Model Results for Pre- and Post-project 
Conditions at Selected River Station Locations. 

River 
Station 
(Cross 

Section) Profile Plan 

Total 
Flow 
(cfs) 

Minimum 
Channel 
Elevation 

(ft) 

Water 
Surface 

Elevation 
(ft) 

Velocity 
Channel 

(ft/s) 

Shear 
Stress in 
Channel 
(lb/sq ft) 

Maximum 
Channel 

Depth 

175.5601 Q10 Pre-project Future Flows 112 22.89 25.79 5.36 2.45 2.9 

175.5601 Q10 Post-project Future Flows 112 22.89 25.79 5.36 2.45 2.9 

175.5601 Q100 Pre-project Existing Flows 203 22.89 27.1 5.17 2.01 4.21 

175.5601 Q100 Post-project Existing Flows 203 22.89 27.1 5.17 2.01 4.21 

175.5601 Q100 Pre-project Future Flows 225 22.89 27.37 5.1 1.9 4.48 

175.5601 Q100 Post-project Future Flows 225 22.89 27.37 5.1 1.9 4.48 

359.8274 72% of Q2 Pre-project Existing Flows 35 32.61 34.34 3.51 1.43 1.73 

359.8274 72% of Q2 Post-project Existing Flows 35 30.75 32.86 4.65 2.56 2.11 

359.8274 72% of Q2 Pre-project Future Flows 45 32.61 34.59 3.79 1.61 1.98 

359.8274 72% of Q2 Post-project Future Flows 45 30.75 33.12 4.97 2.83 2.37 

359.8274 Q2 Pre-project Existing Flows 49 32.61 35.06 3.14 1.04 2.45 

359.8274 Q2 Post-project Existing Flows 49 30.75 33.22 5.07 2.91 2.47 

359.8274 Q2 Pre-project Future Flows 63 32.61 37.52 1.49 0.19 4.91 

359.8274 Q2 Post-project Future Flows 63 30.75 33.55 5.41 3.19 2.8 

359.8274 Q5 Pre-project Existing Flows 75 32.61 39.27 0.91 0.06 6.66 

359.8274 Q5 Post-project Existing Flows 75 30.75 33.81 5.61 3.36 3.06 

359.8274 Q5 Pre-project Future Flows 92 32.61 39.64 0.99 0.07 7.03 

359.8274 Q5 Post-project Future Flows 92 30.75 34.15 5.87 3.58 3.4 

359.8274 Q10 Pre-project Existing Flows 95 32.61 39.73 1 0.07 7.12 

359.8274 Q10 Post-project Existing Flows 95 30.75 34.21 5.9 3.61 3.46 

359.8274 Q10 Pre-project Future Flows 112 32.61 39.87 1.13 0.09 7.26 

359.8274 Q10 Post-project Future Flows 112 30.75 34.51 6.11 3.79 3.76 

359.8274 Q100 Pre-project Existing Flows 203 32.61 40.39 1.76 0.22 7.78 

359.8274 Q100 Post-project Existing Flows 203 30.75 35.81 6.97 4.57 5.06 

359.8274 Q100 Pre-project Future Flows 225 32.61 40.53 1.88 0.25 7.92 

359.8274 Q100 Post-project Future Flows 225 30.75 36.09 7.14 4.73 5.34 

500.0594 72% of Q2 Pre-project Existing Flows 35 37.76 38.94 3.47 1.54 1.18 

500.0594 72% of Q2 Post-project Existing Flows 35 37.76 38.84 3.9 2.02 1.08 

500.0594 72% of Q2 Pre-project Future Flows 45 37.76 39.09 3.8 1.77 1.33 

500.0594 72% of Q2 Post-project Future Flows 45 37.76 38.96 4.33 2.39 1.2 

500.0594 Q2 Pre-project Existing Flows 49 37.76 39.15 3.91 1.85 1.39 

500.0594 Q2 Post-project Existing Flows 49 37.76 39.01 4.49 2.54 1.25 

500.0594 Q2 Pre-project Future Flows 63 37.76 39.34 4.26 2.1 1.58 

500.0594 Q2 Post-project Future Flows 63 37.76 39.16 4.99 3 1.4 
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Table 3 (continued). Summary of Hydraulic Model Results for Pre- and Post-project 
Conditions at Selected River Station Locations. 

River 
Station 
(Cross 

Section) Profile Plan 

Total 
Flow 
(cfs) 

Minimum 
Channel 
Elevation 

(ft) 

Water 
Surface 

Elevation 
(ft) 

Velocity 
Channel 

(ft/s) 

Shear 
Stress in 
Channel 
(lb/sq ft) 

Maximum 
Channel 

Depth 

500.0594 Q5 Pre-project Existing Flows 75 37.76 39.69 3.96 1.7 1.93 

500.0594 Q5 Post-project Existing Flows 75 37.76 39.28 5.34 3.33 1.52 

500.0594 Q5 Pre-project Future Flows 92 37.76 40.01 4.04 1.69 2.25 

500.0594 Q5 Post-project Future Flows 92 37.76 39.45 5.73 3.71 1.69 

500.0594 Q10 Pre-project Existing Flows 95 37.76 40.08 4.02 1.65 2.32 

500.0594 Q10 Post-project Existing Flows 95 37.76 39.48 5.79 3.77 1.72 

500.0594 Q10 Pre-project Future Flows 112 37.76 40.26 4.32 1.88 2.5 

500.0594 Q10 Post-project Future Flows 112 37.76 39.65 6.1 4.06 1.89 

500.0594 Q100 Pre-project Existing Flows 203 37.76 41.01 5.74 3.07 3.25 

500.0594 Q100 Post-project Existing Flows 203 37.76 40.46 7.15 5.02 2.7 

500.0594 Q100 Pre-project Future Flows 225 37.76 41.18 5.99 3.32 3.42 

500.0594 Q100 Post-project Future Flows 225 37.76 40.65 7.33 5.18 2.89 

Q2 – 2-year return interval flood 

Q5 - 5-year return interval flood 

Q10 - 10-year return interval flood 

Q100 – 100-year return interval flood 
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Figure 10.  Hydraulic Model Profile for Pre-project conditions under the Existing Conditions Flow Scenario.
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Figure 11.  Hydraulic Model Profile for Post-project Conditions under the Future Conditions Flow Scenario.
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Based on the HEC-RAS modeling, the capacity of the existing Talbot Road culvert (the flow at 

which Talbot Road overtops) was estimated at approximately 70 cubic feet per second (cfs). 

Under the post-project conditions scenario, the Talbot Road culvert would be able to convey 

the future 100-year return interval flow of 225 cfs, and more, without surcharging the culvert 

inlet. As a result, flood risk at Talbot Road and upstream of the road crossing would be 

greatly reduced by the proposed project. 

Shear stress and average flow velocity are both affected by the proposed design. Because the 

steady-state hydraulic model only reports the results corresponding to the maximum peak 

flow experienced during a particular flood event, the hydraulic conditions (shear stress and 

average flow velocity) remain relatively unchanged in the reach downstream of Talbot Road. 

However, upstream of Talbot Road, the model indicates that under the post-project condition 

both shear stress and flow velocity would increase greatly for flows greater that the 2-year 

return interval peak flow. This increase is the result of the proposed larger culvert that would 

eliminate the backwatered/ surcharged inlet conditions caused by the existing undersized 

culvert during flood events. 

Sediment Transport and Deposition 

The wider culvert is expected to result in a sediment transport regime that is consistent 

with the natural elevation profile and morphology of Perrinville Creek. The existing Talbot 

Road culvert is an obvious constriction to flow and sediment transport, as evidenced by the 

surveyed channel elevation profile (see the ground elevation shown in the channel profile 

in Appendix D for pre-project conditions). As noted earlier, the Talbot Road crossing is located 

upstream of and perhaps at the apex of a historic alluvial fan for Perrinville Creek. By 

replacing the culvert and eliminating the conditions that promoted backwater and sediment 

deposition upstream of the Talbot Road crossing, both flow and sediment will be conveyed 

more efficiently downstream of the road. Unless a sediment trap is constructed within the 

proposed replacement culvert structure, or some other means is found to reduce the sediment 

load delivered to the downstream reach, sediment will continue to deposit in and around the 

high flow diversion structure, where sediment transport capacity is reduced by the diversion of 

the high flows otherwise capable of mobilizing sediment there. Therefore, if no changes to 

reduce the sediment load delivered to the downstream reach are made and no physical 

changes are made to the downstream reach, deposition of bedload is expected to continue to 

occur where it does today (in the channel downstream of Talbot Road) under the post-project 

condition. A more detailed presentation of the sediment transport analysis methods and 

results is provided in Appendix E. 
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ALTERNATIVES EVALUATION 

Description of Alternatives 

The existing culvert will be replaced with a much larger culvert approximately 16 feet 

wide. Several culvert alternatives were considered, including aluminum, steel, HDPE, and 

reinforced concrete structures. In addition, an alternative with a sediment trap built into the 

structure was evaluated. This alternative with an integrated sediment trap would enable the 

City to remove accumulated sediment in the stream channel from within the roadway right-

of-way as opposed to the area surrounding the high flow diversion structure where sediment 

removal is currently performed on an annual basis. 

An initial design workshop was held with the City on June 5, 2012, to discuss culvert 

alternatives and confirm evaluation criteria. Based on this meeting, three alternatives were 

selected for further study. Evaluation criteria were used to screen the alternatives and 

comparative costs were prepared for each alternative. 

Alternative 1 – Steel Arch Culvert 

This alternative consists of an arch-shaped steel plate culvert and is shown in Figures 1 and 2 

of Appendix F. The culvert would be a bottomless structure supported by concrete footings. 

The bottom of the footing is shown to be approximately 3 to 4 feet below the streambed 

elevation in the conceptual design cross-section. The footings would be protected from 

damage associated with channel bed scour during flood events. For purposes of this 

preliminary analysis, it was assumed that a 2-foot-thick layer of light loose riprap would be 

placed below the finished streambed to control the depth of scour. Suitable scour protection 

measures for long-term culvert protection will be evaluated further during project design. 

As shown in Figures 1 and 2 in Appendix F, the existing gravity sewer pipe is located 

approximately 3 feet above the top of the existing culvert and, if left in place, imposes 

limitations on the height of the new culvert above the streambed. In addition, the sewer pipe 

creates construction challenges to placing and compacting the structural backfill material on 

top of the culvert. The structural backfill zone is particularly important for steel arch-shaped 

culverts, since the soil surrounding the structure helps resist imposed loads by soil-structure 

interaction. 

Steel plate culverts are typically shipped as individual plates and assembled onsite, either in-

place or in a staging location prior to lifting in place. Monitoring of the arch shape is critical 

during backfilling to ensure proper distribution of embankment loading on the structure. 

Alternative 2 – Precast Concrete Culvert 

This alternative consists of a precast concrete three-sided structure as shown in Figures 3 

and 4 of Appendix F. As with the steel arch culvert alternative, the structure would be 
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supported by concrete footings. The shape of the top of the culvert can be flat or arched, 

depending on the fabricator. A precast concrete culvert would provide a slightly larger 

hydraulic opening than the steel arch culvert alternative. 

Precast concrete culverts are typically cast in 8- to 10-foot wide segments for shipping and 

are erected onsite using a crane. The units are set on precast or cast-in-place concrete 

footings and the joints between units sealed prior to backfilling. 

Alternative 3 – Concrete Culvert with Sediment Trap 

This alternative is similar to Alternative 2, but it would have a 4-foot-deep section below 

streambed level in the downstream half of the structure. The sediment trap would span the 

width of the structure. As shown in Figures 5 and 6 of Appendix F, access for inspections and 

sediment removal would be provided from the street level with one or more manholes. As 

noted in the sediment transport section above, it is expected that relatively large bedload 

material, gravel and more so cobbles, would be captured with this sediment trap. It would be 

difficult to remove this material via suction dredging with the type of conventional vactor 

truck that the City owns, and thus an alternative method for removing material from the 

sediment trap, consisting of a concrete ramp from the outlet end of the culvert to the bottom 

of the sediment, was assumed for conceptual design purposes. Upstream of the sediment 

trap, concrete sills would be used to hold streambed material in place. During sediment 

removal, the creek flow would have to be bypassed around the culvert. The conceptual design 

drawings in Appendix F do not show this bypass system, but the cost estimate prepared for 

this alternative includes such a system. 

The culvert would likely be made up of a combination of precast and cast-in-place concrete 

elements. Where possible, precast units would be used for the walls and top slab of the 

culvert. The bottom concrete slab, sills, and lower walls of the sediment trap would likely be 

cast-in-place. 

Other Alternatives Considered 

Several other culvert alternatives were considered, but were deemed infeasible or clearly not 

cost-effective given the hydraulic opening size required. Aluminum box culverts and low-

profile steel arch culverts were considered, as they have relatively flat profiles to avoid 

conflict with the existing gravity sewer pipe. However, these sections cannot span the 16-foot 

opening width given the amount of backfill that would be placed over the culvert. Plastic or 

HDPE pipes were also considered, but are not practical for the required span width. A round 

pipe section would also require a significantly deeper excavation to place the springline of 

the pipe at the creek invert elevation. 

Conceptual Design 

Conceptual designs including plan view, cross-section, and elevation profile are provided in 

Appendix F for each of the three alternatives developed. These conceptual details were 

prepared to support cost estimating and to illustrate project issues of interest. Much more 
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detailed design information will eventually be prepared for the selected alternative that is 

carried forward to construction. 

Evaluation Criteria 

Several evaluation criteria were developed in coordination with City staff to enable a well-

rounded comparison of the alternatives to facilitate selection of a preferred alternative. 

These criteria include construction-phase considerations related to neighborhood impacts, 

utility conflicts, relative ease or difficulty of construction, the extents of the project, relative 

ease or difficulty of permitting, and cost of construction. Long-term considerations included 

in the evaluation criteria include sediment removal costs, design life, relative maintenance 

requirements and accessibility for that maintenance, and environmental impacts and 

benefits. Because many of these criteria are subjective, it was decided that they would be 

applied qualitatively rather than assigning numeric scores to each criterion. 

Discussion of Evaluation 

Table 4 presents the results of the culvert alternatives comparative evaluation according to 

the criteria developed by the project team. 

Construction Cost 

Planning-level construction cost estimates were prepared for the culvert alternatives and are 

summarized in Table 5 below. It should be noted that these costs are not complete project 

costs and do not include sales tax, escalation, engineering, permitting, or construction 

management and were developed only to provide a relative comparison between alternatives. 

A detailed summary of the comparative costs is included in Appendix G. 

As shown in Table 5, the steel arch culvert is the least cost alternative. A precast, bottomless 

concrete culvert would cost more due primarily to the greater cost of the culvert material 

relative to steel. Installation of the new culvert under Alternatives 1 and 2 would otherwise 

be very similar both in terms of cost and configuration. The cost of the concrete culvert with 

sediment trap is notably higher due to the cost of the deepened structure excavation 

associated with the sediment trap portion of the structure, resultant greater costs for 

dewatering groundwater and bypassing streamflow for a longer time during culvert 

installation, greater cost for the culvert itself, and the added costs of appurtenances such as 

a creek flow bypass system that could be activated during sediment removal, manhole risers 

for sediment removal access, and other access covers that may be needed. 

Impacts During Construction 

A field investigation was conducted to assess the impacts of construction on the travelling 

public and nearby property owners. Due to the relatively narrow two-lane roadway over the 

creek, construction will be much simpler and cost-effective if the road can be closed during 

culvert replacement. Closing the road also provides space for the staging of equipment and 

materials, reducing the disruption to adjacent property owners. It appears that access to all 

nearby driveways can be maintained during construction, even if the road is closed at the 

creek crossing and a large swath of the road length is an open excavation. 
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Table 4. Replacement Culvert Alternatives Comparison. 

Criteria 
Category Criteria 

Alternative 

1 – Steel Arch 

2 – Three-Sided 
Bottomless 

Concrete Box 
3 – Concrete Box with 

Integrated Sediment Trap 

Temporary 

Construction/ 

Implementation 

Criteria 

Neighborhood impacts 

during construction 

(duration of work, 

traffic control, etc.) 

Similar Similar Similar 

Utility conflicts / 

modifications required 

Similar Similar Similar 

Ease of construction 

(incl. flow bypass, 

excav. shoring, 

staging, etc.) 

Flow bypass 

challenges without 

ability to keep 

existing culvert in 

place while new 

culvert built 

Moderate Challenges with greater 

excavation into wet soil below 

creek bed, and inability to use 

existing culvert for creek flow 

bypass around sediment trap 

end of new culvert 

Extent of channel 

modifications upstream 

and downstream 

Similar Similar Similar 

Permitting Similar Similar Similar 

Construction cost Lowest Medium Highest 

Life-Cycle 

Performance 

Criteria 

Long-term sediment 

removal ease/cost 

same as existing Same as existing More volume can be captured 

and removed, though at 

considerably greater cost 

Expected design 

life/durability 

Long Longer Longer 

Maintenance 

Costs/Life-cycle costs 

Moderate Low Low, except for sediment trap 

Long-term 

environmental 

impacts/benefits 

Similar Similar Similar 

 

Table 5. Summary of Comparative-Level Construction Costs for Culvert Alternatives. 

Alternative Description 

Planning-Level 
Construction Cost 

Estimate 
Relative Cost 

(to Alternative 1) 

1 Steel Arch Culvert $530,000 100% 

2 Precast Concrete Culvert $590,000 111% 

3 Concrete Culvert with Sediment Trap $700,000 132% 
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Given the downhill slope of the road from north to south, it is envisioned that the excavation 

on the north side of the culvert will be temporarily shored during replacement of the culvert 

to limit the amount of excavated material. The existing utilities would need to be temporarily 

rerouted to allow for shoring. On the south side of the culvert, the excavation can be open 

cut at a slope to provide access for construction equipment within the street right-of-way. 

Materials and equipment will likely be staged on the south side of the creek and on the west 

side of the street where the City has an existing easement for access to the high flow 

diversion structure. 

The alternatives all rate similarly with respect to construction impacts. The steel arch and 

precast concrete culvert alternatives can be assembled relatively quickly in place, with 

spread footings that can be precast if needed to save time. The concrete culvert with an 

integrated sediment trap would take longer to construct, given the complexity of the 

structure, and thus would require a longer road closure. For all the alternatives, it is 

expected that the road will need to be closed for several weeks to replace the culvert. 

Utility Conflicts/Relocations 

There are several utilities that need to be temporarily relocated during culvert replacement. 

The below-grade utilities include the water main, sewers, and natural gas lines discussed 

previously, as well as a storm drain that connects to the existing culvert. In addition, 

overhead power and telecommunication lines run along the west side of the road. The gravity 

sewer pipe has a relatively deep profile that limits the height of the new culvert unless it is 

replaced at a higher grade over the culvert. 

Culvert replacement will be more efficiently constructible and potentially less costly if the 

below-grade utilities are relocated prior to replacement of the culvert. It is assumed that the 

gas line will be temporarily rerouted around the culvert by the gas company prior to 

construction. The water main, sewer force main, and gravity sewer pipe can be relocated 

under the roadway during construction if the culvert is replaced in two stages as follows: 

 Stage 1 Culvert Replacement: The west portion of the culvert (approximately 40 feet 

length) is replaced first. Prior to excavation, a temporary bypass for the water line is 

constructed to temporarily relocate it to the east side of the road. Shoring is put in 

place as needed to limit the extents of the excavation extending into the east side 

of the roadway so as not to expose the existing sewer pipes and the relocated water 

main. After the western section of the new culvert is placed, the water line is 

reconnected in or near its original location and the sewer force main and gravity sewer 

pipe are permanently relocated to the west side of the road. Relocation of the gravity 

sewer would have the added benefit of allowing it to be raised 2 or 3 feet so that a 

taller culvert could be used (which would promote easier maintenance access and 

passage of floodborne debris). Raising the sewer pipe would entail replacing about 

190 feet of pipe between the two existing manholes. 

 Stage 2 Culvert Replacement: The remaining east portion of the culvert is 

constructed. If the City prefers that the sewer pipes remain in the east side of the 

roadway for the long-term, these utilities, as well as the gas line, could be rebuilt in 

or close to their existing alignments. 
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Alternatively, it may be possible to avoid replacement and/or temporary relocations of 

existing utilities by requiring the construction contractor to structurally support exposed 

utility pipes while the excavation is made to remove the existing culvert and build the new 

culvert. The City successfully accomplished a nearby culvert replacement with a deep 

excavation using this method. If the existing utilities are not moved, two stages of culvert 

installation may not be necessary. 

Overhead power and telecommunications lines are located on the west side of the road with a 

relatively low overhead clearance. During construction of the west portion of the culvert, the 

power lines will need to be de-energized when lifting culvert sections with a crane. The 

telecommunications lines may also need to be temporarily raised to provide adequate vertical 

clearance for construction equipment. 

The three culvert alternatives rate similarly with respect to utilities impacts. However, if the 

gravity sewer pipe cannot be replaced and raised over the culvert, compacting the select 

structural backfill for the steel arch culvert would more problematic than for the other 

alternatives, since the arch structure relies on soil-structure interaction to resist loads that 

could otherwise deform the pipe and compromise its performance life. 

Constructability 

There are several aspects related to constructability of the culvert replacement that were 

considered, including excavation, shoring, and providing flow bypass during construction. 

Based on the geotechnical investigation (see Appendix C), it is expected that groundwater 

will be encountered when excavating below the stream bed elevation. For Alternatives 1 

and 2, construction of the concrete footings would likely entail a nominal amount of 

excavation below the stream bed. However, for Alternative 3, excavation would need to be 

several feet deeper to construct the sediment trap, requiring taller temporary shoring and 

additional excavation below the streambed. Working to a greater extent “in the wet” would 

incur additional costs for water management and would add to the construction duration. A 

greater length of time to build the project would increase risks of poor weather affecting the 

project, and greater extent of work at deeper elevations could increase the risk of 

encountering unknowns that add to the time and cost of construction. 

All of the alternatives would require bypassing creek flows around the culvert removal and 

installation work area. This could be accomplished using the existing culvert for a period of 

time until it has to be removed, or alternatively via a temporary gravity pipe or pumped 

discharge pipe parallel to the new culvert structure alignment. Perrinville Creek can be 

expected to be flowing at a rate of a few cfs during dry periods in the summer, and the flow 

could rise quickly if a substantial storm event occurs during construction. The flow bypass 

system would need to be sized to accommodate moderate summer flood flows (applicable 

permits will require construction in the summer). 

Extent of Channel Modifications 

The extent of channel modifications within, upstream and downstream of the replaced 

culvert will be similar regardless of which alternative is selected. The stream elevation 

profiles shown in the conceptual design drawings in Appendix F indicate that the channel 
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bottom would be lowered through the length of the project to create a continuous grade 

between the lower elevation downstream of the roadway in the bottom of the existing pool 

and extending to a point in the channel bed upstream of Talbot Road that is unaffected by 

existing sediment accumulation that has occurred due to the backwatering effects of the 

existing culvert during flood events. Installation of woody features for fish habitat, regrading 

of channel banks, planting of those bank areas, and other channel work would likely be the 

same under each alternative. 

Permitting Requirements 

Each of the three alternatives would require the same City, state and federal environmental 

permits and approvals. Aside from expected scrutiny of the justification for an integrated 

sediment trap under Alternative 3, it is expected that the necessary documentation would be 

very similar regardless of the alternative, and any required mitigation to obtain permits 

would be the same. The project would directly benefit fish and improve ecological conditions 

in the stream, and thus acquisition of the necessary permits should not be problematic under 

any of the alternatives. 

Long-Term Sediment Removal 

As discussed earlier in this report, it can be expected that stream bedload material will 

continue to deposit between Talbot Road and the high flow diversion structure for years to 

come. To prevent flooding of private properties and maintain desirable streamflow conditions 

at the high flow diversion structure for fish, the City will need to remove accumulated 

bedload material, which will include larger cobble material in additional to gravel and finer 

sediments, on a regular basis. Under Alternatives 1 and 2, this sediment removal activity 

would continue to occur near the high flow diversion structure. Under Alternative 3, this 

activity would occur within the culvert structure (and potentially on occasion downstream of 

the culvert if a major flood deposits more material than can be stored in the sediment trap). 

A challenge in removing the accumulated material in the sediment trap under Alternative 3 is 

associated with the expected larger cobble material. A conventional vactor truck such as the 

City currently owns could readily be used, with access from the street above the culvert, to 

remove gravel and finer material, but would not be capable of removing larger cobbles. The 

City would either have to rent or purchase (or contract out the services of) a heavy duty 

vactor truck that can handle larger cobble material, or use a small dozer driven into the 

sediment trap from the downstream end to remove this material. Either type of equipment 

would add considerable cost and complexity to the sediment removal activity. 

Expected Design Life 

The design life of the culvert is related to the structure’s durability, which is a measure of 

the ability of the structure to resist corrosion and deterioration. Structure life can be reduced 

by the corrosive action of backfill material in contact with the structure and by the corrosive 

and abrasive action of flow inside the culvert. The material type and coating are critical to 

the life of the structure. 
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Concrete structures are typically more durable than steel structures due to the inherent 

durability of reinforced concrete. The reinforcing steel in the concrete is passivated by the 

concrete to provide corrosion resistance and is located with proper cover to the edge of the 

side wall, base, or top of the structural member. Precast concrete offers a further advantage 

of being manufactured at a fabrication plant in a controlled environment. Steel culverts are 

typically galvanized to provide corrosion protection, although asphalt coatings may be used in 

particularly corrosive environments. 

The concrete culvert alternatives (Alternatives 2 and 3) rate the highest for durability. The 

steel arch culvert, with a galvanized coating, is also expected to perform well, given the fact 

that the structure would be oversized for hydraulic flow and is not expected to experience 

abrasive action of the creek except in extreme flow events. 

Structure life can also be reduced by scour of the creek bed that could lead to undermining of 

the foundations. For Alternatives 1 and 2 having spread footing foundations, it is assumed for 

preliminary design purposes that scour prevention would be accomplished via placing a layer 

of light loose riprap below the finished streambed. Alternative 3 would have a continuous 

spread footing under the creek, and thus would be inherently more scour-resistant. 

Maintenance Costs 

In evaluating the life cycle costs of a structure, maintenance costs are considered along with 

the initial capital cost of construction. Maintenance is closely related to durability in that 

structures that are not as durable will require more maintenance than more durable 

structures. Steel structures typically have higher maintenance costs over the life of the 

structure than concrete structures due to the need to periodically reapply protective 

coatings. The concrete culvert alternatives are expected to have lower maintenance costs 

than the steel arch culvert. 

Long-Term Environmental Impacts/Benefits 

Given that the project impetus is to remove an existing fish passage barrier, significant 

consideration was given to the long-term benefits or impacts of each alternative. 

Environmental impacts might include the number of mature trees that would have to be 

removed in order to accommodate the footprint of a particular culvert design, assuming that 

it would take several years for re-planted trees to reach maturity and provide the same level 

of canopy cover and biological habitat. Another potential impact of the project is increased 

incidence of fish caught in flood flows that are conveyed through the new culvert and flushed 

into the diversion pipe and the Perrinville Creek culvert under the BNSF tracks out to the 

Puget Sound shoreline. As noted in the hydraulic analysis section above, the new culvert will 

be able to convey higher flow rates than the existing culvert, and thus reduce the potential 

for fish to be able to seek refuge from high flows upstream of Talbot Road. This is a not 

expected to be a major impact of the project, but is a fish habitat issue that should be 

evaluated further. 

An environmental benefit of the project might include the ability of a culvert replacement 

design to accommodate natural morphologic function and to support natural stream substrate 

within it, thereby creating better aquatic habitat within the footprint of the Talbot Road right 
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of way. Another benefit would be improved riparian vegetation conditions, and associated 

habitat, via replacement of existing invasive and non-native species with native riparian 

vegetation in disturbed streambank areas. 

However, because all three alternatives evaluated for the culvert replacement need to 

achieve the same objectives for fish passage, and as a result modify a similar extent of 

stream channel and bank areas, the effective footprints of each of the designs are fairly 

comparable. In addition, all culvert replacement alternatives evaluated would need to be 

wide enough (minimum 16 feet) to satisfy the WDFW design criteria (WDFW 2003), and thus 

would support desired physical stream habitat within and near the structure. For these 

reasons, and because the approach to the instream rehabilitation design would be consistent 

between the alternatives, the long-term environmental impacts and benefits of each 

alternative would be essentially the same. 





 

November 2012 

Existing Site Conditions & Culvert Alternatives Analysis – Perrinville Creek Culvert Replacement at Talbot Road 39 

RECOMMENDATIONS 

Based on the evaluation of three replacement culvert structure alternatives discussed 

above and a meeting convened with City staff on July 17, 2012, Alternative 2 (three-sided, 

bottomless concrete box culvert) is the preferred alternative to carry forward for project 

implementation. A concrete structure has several benefits relative to a steel structure that 

are in the City’s interests, and inclusion of a sediment trap (i.e., Alternative 3) within the 

culvert is not cost-effective. 

As stated previously, the new culvert will have a much larger hydraulic opening compared 

to the existing culvert, and thus will be capable of conveying all conceivable flood flows 

downstream without backwatering that dampens the peak flow rate as occurs at present. 

This is expected to result in increased volume of flood water that spills into the high flow 

diversion structure in the future, potentially to the detriment of fish that may be present in 

the lower reach of the creek during flood events. 

This culvert replacement project is intended to improve fish habitat conditions and generally 

improve fish survival in the Perrinville Creek system. To offset the potential adverse impacts 

of private property flooding and disruption of fish habitat in the reach downstream of the 

replaced culvert  that will be a likely outcome of project implementation, the City is 

interested in exploring the potential to reduce stormwater runoff flow volume and rates 

entering the creek upstream of Southwest County Park. A reduction in flow will also reduce 

the amount of sediment transported to the lower reaches of Perrinville Creek. A study of 

potential stormwater detention/infiltration retrofit sites located upstream of the park should 

be conducted to assess the feasibility and cost of upper basin flow control. If viable sites are 

found, the City should consider constructing runoff flow controls prior to constructing the new 

culvert beneath Talbot Road. If flow control retrofits cannot significantly reduce peak stream 

flows, reconfiguring the stream channel downstream of the Talbot Road culvert would need 

to be explored prior to replacement of the Talbot Road culvert. Reconfiguring of the channel 

in this area would need to ensure that private property is not flooded and aquatic habitat is 

restored when the culvert is replaced. 

A streamflow gauging station should be established and maintained by the City upstream of 

the Talbot Road culvert to improve understanding of the magnitudes and durations of flood 

flows. As noted previously, estimates of peak flows in the lower reach of the creek based 

on hydrologic modeling of the basin performed over 20 years ago (R.W. Beck 1991) are 

questionable, and likely too high. While design of a new culvert structure to meet WDFW fish 

passage requirements will result in greater capacity to convey flood flows through the Talbot 

Road crossing, it is important to use as accurate of flow information as possible for design 

analyses associated with other channel improvements, such as habitat logs, bank stabilization 

features, and scour protection at the culvert, as well as for understanding the implications 

of a replacement culvert on the amounts of flow that would enter the high flow diversion 

structure during flood events. The gauging station should be located far enough upstream of 

Talbot Road to avoid the backwater influence caused by the existing culvert at higher flows. 
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Completion of design and permitting of the recommended alternative can be expected to 

take approximately 8 to 10 months from the time that detailed design work commences. 

Once the design is advanced to approximately a 50 to 60 percent level of completion (which 

likely can be accomplished in 2 to 3 months), permit applications and other required 

environmental documentation can be prepared and submitted. The design can proceed 

thereafter, but should not be finalized until permits are in hand to enable inclusion of any 

design modifications or mitigation measures that may be conditions imposed in one or more 

project permits. Permitting of a project like this by state and federal agencies can usually be 

expected to be complete in 5 to 7 months following submittal of complete permit application 

documentation. 

For planning purposes the City should expect that the total duration of project construction 

will be 4 to 5 months, aside from planting that may occur a few months after completion of 

all other work to take advantage of dormant growing conditions and wetter weather at the 

time of plant installation. This duration accounts for construction contractor mobilization, 

some utility relocation work, and re-paving of Talbot Road in the replacement culvert 

vicinity. The construction will have to be scheduled to coincide with a mid to late summer 

“window” of time in which work activity is permitted to occur in the creek, to avoid adverse 

impacts to fish that may be present at other times of the year. 



 

November 2012 

Existing Site Conditions & Culvert Alternatives Analysis – Perrinville Creek Culvert Replacement at Talbot Road 41 

REFERENCES 

Bunte, K. and S.R. Abt. 2001. Sampling Surface and Subsurface Particle-size Distributions in 

Wadable Gravel- and Cobble-bed Streams for Analyses in Sediment Transport, Hydraulics, and 

Streambed Monitoring. Gen. Tech. Rep. RMRS-GTR-74. US Department of Agriculture, Forest 

Service, Rocky Mountain Research Station, Fort Collins, Colorado. 428 p. 

Cowan, W.L. 1956. Estimating hydraulic roughness coefficients. Agricultural Engineering 

37(7):473-475. 

Cramer, Michelle L. (managing editor). 2012. Stream Habitat Restoration Guidelines. 

Co-published by the Washington Departments of Fish and Wildlife, Natural Resources, 

Transportation and Ecology, Washington State Recreation and Conservation Office, Puget 

Sound Partnership, and US Fish and Wildlife Service, Olympia, Washington. 

Dietrich, W.E., J.W. Kirchner, H. Ikeda, and F. Iseya. 1989. Sediment Supply and 

Development of the Coarse Surface Layer in Gravel Bedded Rivers. Nature 340: 215-217. 

Ecology. 2005. Stormwater Management Manual for Western Washington. 5 vols. Ecology 

Publications 05-10-029 through 05-10-033. Washington State Department of Ecology, Water 

Quality Program. February 2005. 

King County. 2009. 2009 Surface Water Design Manual. King County Water and Land 

Resources, Stormwater Services. Adopted January 9, 2009. Accessed from agency website 

on July 7, 2009: http://www.kingcounty.gov/environment/waterandland/stormwater/ 

documents/surface-water-design-manual.aspx. 

Kondolf, G.M. 2000. Assessing Salmonid Spawning Gravel Quality. Transactions of the 

American Fisheries Society 129:262-281. 

Montgomery, D.R. and J.M. Buffington. 1997. Channel-reach morphology in mountain drainage 

basins. Geological Society of America Bulletin 109(5):596-611. 

NRCS. 1986. Technical Release 55 – Urban Hydrology for Small Watersheds. US Department of 

Agriculture (USDA) Natural Resource Conservation Service (NRCS). Revised June 1986. 

Pentec Environmental, Inc. 2002. Edmonds Stream Inventory and Assessment. Prepared for 

the City of Edmonds, Edmonds, Washington. July 29, 2002. 

Pentec Environmental, Inc. and Shannon and Wilson, Inc. 1998. Perrinville Creek Streambank 

Stabilization Final Report. Prepared for the City of Edmonds, Edmonds, Washington. April 20, 

1998. 

R.W. Beck. 1991. Edmonds drainage basin studies: Edmonds Way, Perrinville, and Meadowdale 

Basins. Unpublished report prepared by R.W. Beck and Associates Inc., Seattle, Washington. 

http://www.kingcounty.gov/environment/waterandland/stormwater/documents/surface-water-design-manual.aspx
http://www.kingcounty.gov/environment/waterandland/stormwater/documents/surface-water-design-manual.aspx


 

November 2012 

42 Existing Site Conditions & Culvert Alternatives Analysis – Perrinville Creek Culvert Replacement at Talbot Road 

Schuett-Hames, D., B. Conrad, A.Pleus, and M. McHenry. 1999. TFW-AM9-99-006: Method 

Manual for the Salmonid Spawning Gravel Composition Survey. Report produced by the 

Northwest Indian Fisheries Commission and the Washington State Department of Timber, Fish, 

and Wildlife (now Washington Department of Fish and Wildlife [WDFW]). March 1999. 

WDFW. 2003. Design of Road Culverts for Fish Passage. Washington Department of Fish and 

Wildlife, Olympia, Washington. 

WDFW. 2009. Priority habitat and species maps for the Talbot Road-Perrinville Creek Drainage 

Improvement project. Washington Department of Fish and Wildlife, Olympia, Washington. 

WDFW. 2012. SalmonScape interactive mapping tool for data related to salmon distribution, 

status, and habitats. Accessed from Washington Department of Fish and Wildlife web site on 

October 6, 2012: http://fortress.wa.gov/dfw/gispublic/apps/salmonscape/default.htm. 

Wolman, M.G. 1954. A Method of Sampling Coarse River-Bed Material. Transactions of the 

Geophysical Union 35:951-956. 

http://fortress.wa.gov/dfw/gispublic/apps/salmonscape/default.htm


 

 

 

 

APPENDIX A 
 

Photographic Documentation 



 

 

 



August 2012 

Existing Site Conditions & Culvert Alternatives Analysis – Perrinville Creek Culvert Replacement at Talbot Road A-1 

SITE RECONNAISSANCE FOR THE PERRINVILLE 

CREEK CULVERT REPLACEMENT AT TALBOT ROAD a 

PHOTOGRAPHIC LOG 

GPS Point Photo(s) Photo Description 

N/A 5692 Sediment deposition in channel at high flow bypass; pebble count #1location 

N/A 5706 Pebble Count #1, subsurface) from sediment removal stockpile 

N/A 5717 Sediment deposition in channel at high flow bypass; pebble count #1 location 

N/A 5725 Upstream inlet to 30-inch-diameter concrete Talbot Road culvert 

N/A 5728 Debris accumulation around inlet to 30-inch-diameter Talbot Road culvert 

N/A 5731 Perrinville Creek looking upstream from Talbot Road culvert 

1 5734, 5735 Looking upstream at Perrinville Creek at location of Pebble Count #2 

1 5739 Looking downstream at Perrinville Creek from pebble count location #2 

1 5757, 5761 Sediment sampled for Pebble Count #2 

1 5780 Looking upstream from Pebble Count #2 

2 5783 Active erosion on left bank; gravelly-sandy-loam sediment source 

2 to 3 5785 Looking upstream at channel, between GPS points 2 and 3 

3 5788 Active erosion on over-steepened left bank; gravelly-sandy-loam sediment source 

3 to 4 5790 Looking downstream at channel, between GPS points 3 and 4 

3 to 4 5791 Looking upstream at channel, between GPS points 3 and 4 

4 5800 Channel incision and historic left bank erosion several feet below the glaciolacustrine 

clay layer 

5 5802 Channel incision and toe erosion triggering active upper bank sloughing; channel has 

incised several feet below the glaciolacustrine clay layer 

6 5803 Steep, eroded vertical right bank composed of compacted advance outwash sands 

6 to 7 5805 Looking upstream to channel, between GPS points 6 and 7 

7 5808 Steep, eroded 20-foot-high left bank composed of compacted advance outwash 

sands 

8 5814 Channel undercutting below right bank glaciolacustrine clay 

8 to 9 5815 Looking upstream to channel, between GPS points 8 and 9 

9 5817 Floodplain-spanning old growth logs provide significant grade control, supporting 

channel stability and a locally-flattened channel slope upstream 

9 to 10 5818 Looking upstream to channel, between GPS points 9 and 10 

10 5823, 5828 Historic channel incision below glaciolacustrine clay layer along left bank; channel 

recovery evidenced by sand deposition in channel 

11 5831 Active right bank erosion as channel incises through several geologic layers including 

advanced outwash sands, glaciolacustrine clay, and recessional outwash 
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GPS Point Photo(s) Photo Description 

12 5837 Looking upstream to channel incision and headcut through exposed glaciolacustrine 

clay that has created a waterfall 

13 5841 Steep, eroded 25-foot-high left bank composed of compacted advance outwash 

sands 

14 to 15 5851 Continuous eroded vertical slope along left bank  between GPS points 14 and 15 

15 5852 Looking upstream to incised channel that is now confined by vertical banks composed 

of compacted advance outwash sands and glaciolacustrine clay; channel has incised 

approximately 6 feet below its historic predeveloped floodplain 

19 5857 Gravel bar deposition at site of Pebble Count #3; channel reach upstream of ravine; 

channel in this reach has more lateral flexibility to widen in response to increased 

peak flows and does not show signs of the incision that was prevalent throughout the 

downstream ravine.  

N/A 8220 Looking at Perrinville Creek downstream toward high flow bypass structure 

N/A 8221 Looking at Perrinville Creek downstream from driveway bridge, downstream of Talbot 

Road 

N/A 8223 Looking upstream to perched outlet of 30-inch-diameter Talbot Road culvert and 

plunge pool 

N/A 8224 Looking at channel downstream from plunge pool at Talbot Road culvert outlet 

N/A 8225 Expansion scour and sediment deposition around plunge pool at Talbot Road culvert 

outlet 

N/A 8238 Channel substrate and physical complexity at upstream of project reach 

N/A 8244 High-gradient cascade at upstream limit of project reach 

N/A 8248 Bank vegetation at upstream of project reach 

N/A 8249 Looking downstream to channel from Cross-section #8 

N/A 8250 Looking upstream to channel from Cross-section #7 

N/A 8251 Looking downstream to channel from Cross-section #7 

N/A 8255 Looking through 30-inch-diameter concrete Talbot Road culvert from inlet 

N/A 8257 Overflow inlet at inlet to Talbot Road culvert 

N/A 8261 Looking downstream to channel below driveway bridge downstream of Talbot Road 

N/A 8265 Cross-section #2, downstream of driveway bridge 

N/A 8267 Looking downstream from Cross-section #2 

N/A 8269 Vegetation on streambank upstream of high flow bypass structure 

N/A 8270 Bank and floodplain vegetation upstream of high flow bypass structure 

N/A 8271 Looking upstream to Cross-section #1 

N/A 8272 Sutro Weir at high flow bypass structure 

N/A 8273 Looking upstream from Cross-section #1 

N/A 8275 Floodplain vegetation around driveway bridge downstream of Talbot Road 

N/A 8287 Vegetation on streambank upstream of Talbot Road Culvert 

a All photos taken during field reconnaissance on May 10, 2012, unless otherwise noted. 
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EXECUTIVE SUMMARY 
 
A preliminary geotechnical investigation has been completed for the Perrinville Creek Culvert 

Replacement Project to be located on Talbot Road about 500 feet south of Cyrus Place in 

Edmonds, Washington.  Two (2) borings, designated B-1 and B-2, were completed to depths 

ranging from approximately 39 to 54 feet below the existing ground surface near the proposed 

culvert abutment areas.   

 

Based on the information obtained from our subsurface exploration, we conclude that all three 

culvert replacement options currently under consideration are feasible from a geotechnical 

perspective.  The following geotechnical considerations were identified: 

 

 Site Soil & Groundwater Conditions:  In general, the explorations encountered asphalt 

pavement and fill soils over native soils interpreted as Whidbey Formation deposits and Double 

Bluff Drift glacial till deposits.  The fill typically consists of loose to medium dense sand with 

gravel and trace silt and extends down to about creek bed elevation.  The underlying Whidbey 

Formation typically consists of medium dense to very dense sand with variable gravel content 

and trace silt and extends to a depth of about 53 feet below road grade.  Double Bluff Drift 

glacial till consisting of very dense silty sand with gravel was encountered below the Whidbey 

Formation deposits. 

 

Two zones of groundwater were encountered. The upper groundwater zone was 

encountered near the creek elevation.  This upper zone of groundwater is interpreted to 

represent water infiltrating into the sandy site soils from the creek and from perched 

groundwater that may be present at the bottom of the road fill embankment.  The lower zone 

of groundwater was encountered at a depth of about 34½ to 35 feet below road grade.  The 

lower groundwater zone is interpreted to represent the local phreatic groundwater surface. 

 

 Seismic Considerations:  The risk of seismic induced liquefaction settlement is low. 

 

 Temporary Cut Slopes:  Based on the observed soil types, we recommend that a 

maximum temporary slope angle of 34 degrees (1½H:1V) be considered for preliminary 

planning and cost estimating purposes.  Flatter temporary cut slope inclinations may be 

needed in the presence of groundwater seepage.   

 

 Temporary Shoring:  Given the relatively flat temporary cut slope inclinations and the 

potential adverse impacts of groundwater seepage, we anticipate that temporary shoring will 

likely be considered to limit the extent of the excavation, and reduce the amount of existing 

utility piping that would require removal and replacement or above grade structural support 

during construction. Several shoring options appear feasible, including driven sheet piles, 

soldier piles with lagging, and other proprietary driven shoring systems. 
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 Foundations:  Conventional spread footings will provide adequate support for the proposed 

culverts provided that the foundation subgrade is properly prepared.  We anticipate 

allowable soil bearing capacities on the order of 2,500 to 4,000 pounds per square foot, 

depending on the size and depth of the foundations. To provide more uniform foundation 

support and a stable working surface, we recommend that 1.5 feet of import engineered fill 

be placed below culvert foundations.   

 

This geotechnical executive summary should be used in conjunction with the entire report for 

design and/or construction purposes.  It should be recognized that specific details were not 

included or fully developed in this summary, and the report must be read in its entirety for a 

comprehensive understanding of the items contained herein.  The section titled General 

Comments should be read for an understanding of the report limitations. 
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PRELIMINARY GEOTECHNICAL ENGINEERING REPORT 

PERRINVILLE CREEK CULVERT REPLACEMENT PROJECT 

TALBOT ROAD 

EDMONDS, WASHINGTON 
Terracon Project No. 81125041 

July 3, 2012 

 

 

1.0 INTRODUCTION 
 

A preliminary geotechnical investigation has been completed for the Perrinville Creek Culvert 

Replacement Project to be located on Talbot Road about 500 feet south of Cyrus Place in 

Edmonds, Washington.  Two (2) borings, designated B-1 and B-2, were completed to depths 

ranging from approximately 39 to 54 feet below the existing ground surface near the proposed 

culvert abutment areas.  Logs of the borings along with a Vicinity Map and a Boring Location 

Diagram are included in Appendix A of this report. 

 

The purpose of these services is to provide preliminary information and geotechnical 

engineering recommendations relative to the design and construction of three culvert types being 

considered to replace the existing 30-inch diameter reinforced concrete pipe culvert below Talbot 

Road. Preliminary geotechnical information presented in this report includes:  

 

 subsurface soil conditions  foundation design and construction 

 groundwater conditions  seismic considerations  

 earthwork considerations  scour considerations 

  

 

2.0 PROJECT INFORMATION 
 

2.1 Project Description 

 

ITEM DESCRIPTION 

Site layout See Appendix A, Exhibit A-2: Boring Location Diagram. 

Culvert Replacement Options 

Three new culvert types on the order of 13 to 15 feet wide are 

being considered to replace the existing 30-inch diameter 

reinforced concrete pipe culvert located below Talbot Road. 

Our understanding of the replacement options is outlined 

below. 

Arch Culvert: Steel open-bottom arch culvert supported on 

spread footings. 
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ITEM DESCRIPTION 

Box Culvert: Precast concrete open-bottom concrete box 

culvert supported on spread footings. 

Box Culvert with Sediment Trap: Precast or cast-in place 

concrete box culvert incorporating a sediment trap. We 

understand that both open-bottom and closed-bottom box 

culverts are being considered. Preliminary plans suggest that 

the sediment trap may extend 4 to 5 feet below the creek 

bed. 

Maximum loads 

Foundation loads were not available at the time this report 

was prepared. Based on the proposed culvert types, we 

anticipate moderate abutment foundation loads on the order 

of 4 to 8 klf. 

Grading 

The existing culvert embankment includes underground 

water, gas, gravity sewer, and force main sewer lines above 

the existing culvert. We understand that temporary shoring 

may be used to limit the extent of excavations and potential 

impacts to existing utilities. 

Permanent cut and fill slopes 

Assumed to be no steeper than 2H:1V (Horizontal to 

Vertical).  Slope stability analysis is not part of the scope of 

this investigation. 

Free-standing retaining walls 
We understand that the project may include cast-in-place 

concrete wing walls. 

 

2.2 Site Location and Description 

 

ITEM DESCRIPTION 

Location 

Perrinville Creek Culvert below Talbot Road about 500 feet 

south of Cyrus Place in Edmonds, Washington. See Appendix 

A, Exhibit A-1: Vicinity Map. 

Existing site features 

An existing 30-inch diameter reinforced concrete pipe culvert 

conveys Perrinville Creek through a fill embankment which 

supports Talbot Road.  Rockeries ranging from about 1½ to 4 

feet tall are located along the east and west fill embankment 

slopes. 

Surrounding developments Single-family residential developments. 

Current ground cover 
Asphalt pavement along Talbot Road. Ivy, blackberry, weeds, 

and shrubs on road embankment slopes. 
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ITEM DESCRIPTION 

Existing topography 

Talbot Road slopes to the south at an inclination of about 8½ 

percent at the culvert embankment area.  The road is about 

12½ and 15½ feet above the culvert inlet and outlet invert 

elevations, respectively.  

 

 

3.0 SURFACE RECONNAISSANCE 
Perrinville Creek has incised a relatively narrow ravine through the existing terrain.  A concrete 

pipe culvert was placed near the bed of the creek and buried by a fill embankment, which 

currently supports Talbot Road.  Terracon completed a surficial site reconnaissance on June 21, 

2012.  Our reconnaissance included the existing culvert fill embankment and the creek 

alignment extending about 300 feet upstream and downstream of the culvert location.  A 

summary of our primary observations is presented below. 

 

3.1 Culvert Embankment 

 

 The northbound lane of Talbot Road appears to be in fair condition with a few minor 

surface cracks.  The southbound lane and sidewalk south of the culvert show indications 

of minor settlement (visually estimated at 1 to 3 inches) and have been patched on at 

least one occasion.  The observed drop in the road grade may be associated with 

settlement of the fill embankment or minor creep of the west-facing embankment slope.  

No indications of landsliding were observed.  The southbound lane north of the culvert 

appears to be in fair condition with a few minor surface cracks. 

 A rockery on the order of 2 to 4 feet tall is located about 2 to 4 feet west of the sidewalk 

located along the west side of Talbot Road. The rockery appears to be in serviceable 

condition with no obvious indications of distress.  Slopes below the rocky typically range 

from about 30 to 40 percent. No indications of slope movement were observed. 

 A steep east-facing fill slope extends from the east edge of Talbot Road down to a small 

1½ foot tall rockery located near the culvert inlet.  The fill slope is vegetated with thick ivy 

growth.  No obvious indications of slope movement were observed. 

 Groundwater seepage was not observed during our reconnaissance. 

 

3.2 Upstream Creek Alignment 

 

 The creek bed upstream of the culvert primarily consists of gravel and sand with 

numerous cobbles and a few boulders approaching about 1½ feet in diameter.  The 

concentration of cobbles and boulders is greatest at the culvert inlet suggesting an 

accumulation of coarse material. 

 The ravine slopes from the culvert inlet to about 140 feet upstream typically range from 

about 25 to 60 percent.  No obvious indications of slope instability were observed. 
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 The ravine slopes from about 140 to 300 feet upstream of the culvert inlet typically range 

from about 60 to 85 percent.  Several near vertical banks up to about 4 to 5 feet high 

were observed at the edge of the creek.  Site topography and pistol-butted tree trunks 

suggest slope creep.  No obvious indications of recent landsliding were observed. 

 Groundwater seepage was not observed at the time of our reconnaissance. 

 

3.3 Downstream Creek Alignment 

 

 The creek bed downstream of the culvert primarily consists of gravel and sand with 

cobbles. A few boulders were observed, but appeared to be related to rockery 

construction based on the rock type.   The concentration of cobbles is greatest near the 

high flow intake structures suggesting the accumulation of coarse material. Coarse 

gravel deposits were observed inside both intake structures. 

 A roughly circular plunge pool on the order of 15 feet in diameter is located at the culvert 

outlet. The plunge pool has near vertical sides and appears to extend several feet below 

the surface of the creek. The creek surface was about 2 feet below the invert of the 

culvert outlet at the time of our reconnaissance. 

 The ravine slopes downstream of the culvert are generally moderate with no indications 

of slope instability. 

 Groundwater seepage was not observed at the time of our reconnaissance. 

 

 

4.0 SUBSURFACE CONDITIONS 
 

4.1 Regional Geology 

 

The Preliminary Surficial Geologic Map of the Edmonds East and Edmonds West Quadrangles, 

Snohomish and King Counties, Washington (Washington Department of Natural Resources 

map GM-14, 1975) maps the site as being mantled by Quaternary age Whidbey Formation 

deposits. The Whidbey Formation is described as medium-bedded sand, silt, and clay.  Sorting 

is described as generally good within individual beds. Clay and silt beds can be as thin as two 

inches.  The Whidbey Formation is reported as non-glacial river and flood material deposited 

before the Vashon Stade of the Frasier Glaciation.  The mapped Stratigraphy suggests the 

presence of Double Bluff Drift deposits below the Whidbey Formation. The Double Bluff Drift is 

described as a combination of iron-oxide cemented gravel in a fine grained matrix, glacial till, 

pebbly glaciolacustrine silts, and massive to finely laminated silts and clays. 

 

4.2 Typical Subsurface Profile 

 

Specific conditions encountered at each boring location are indicated on the individual boring logs.  

Stratification boundaries on the boring logs represent the approximate location of changes in soil 
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types; in-situ, the transition between materials may be gradual.  Details for each of the borings can 

be found on the boring logs included in Appendix A of this report.   

 

In general, the explorations encountered asphalt pavement and fill soils over native soils 
interpreted as Whidbey Formation deposits and Double Bluff Drift glacial till deposits.  The 
following table summarized the encountered stratigraphy. 
 

Description 
Approximate Depth to 

Bottom of Stratum
1
 (feet) 

Material Encountered Consistency/Density 

Stratum 1 
0.6 to 0.7 

(7 to 8 inches) 
Asphalt concrete pavement N/A 

Stratum 2 11½ to 12½ 
Sand with gravel, trace silt 

(Fill) 
Loose to medium dense 

Stratum 3 53 

Sand with variable gravel 

content and trace silt. 

(Whidbey Formation) 

Medium dense to very 

dense 

Stratum 4 

Encountered to the 

maximum depth explored 

of 54 feet. 

Silty sand, with gravel 

(Double Bluff Drift) 
Very dense 

1. Depth below the existing pavement surface, as encountered in the borings. 

 

Cobbles and boulders were not encountered in the explorations completed for this study.  

However, cobbles, boulders, and/or stumps may be present at the bottom of the road embankment 

fill based on the creek ravine conditions observed upstream and downstream of the embankment 

location. 

 

4.3 Groundwater 

 

Two zones of groundwater were observed in borings B-1 and B-2. The upper groundwater zone 

was encountered at a depth of about 15.5 feet (elevation 26.5) in boring B-1 and at a depth of 

about 13 feet (elevation 27.5) in boring B-2 while drilling.  This upper zone of groundwater is 

interpreted to represent water infiltrating into the sandy site soils from the creek and perched 

groundwater that may be present at the bottom of the road fill embankment.  A groundwater 

monitoring well was installed in boring B-2 to evaluate changes in the upper groundwater zone.  

Groundwater was measured in the boring B-2 monitoring well at a depth of about 18.3 feet 

(elevation 22.2 feet) on June 19, 2012.  It should be noted that the water encountered in the B-2 

monitoring well was only about 0.2 feet above the bottom of the well, and may represent water 

trapped in the well bottom cap.   

 

The lower zone of groundwater was encountered at a depth of about 34.5 feet (elevation 7.5) in 

boring B-1 and at a depth of about 35 feet (elevation 5.5) in boring B-2 while drilling.  The lower 

groundwater zone is interpreted to represent the local phreatic groundwater surface. 
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5.0 GEOTECHNCIAL CONCLUSIONS AND RECOMMENDATIONS  
 

5.1 Geotechnical Considerations 

 

Based on our subsurface exploration program and associated research, we conclude that all 

three culvert replacement options currently under consideration are feasible from a geotechnical 

perspective and may be supported on conventional shallow foundations, contingent on proper 

design and construction practices. To provide more uniform foundation support and a stable 

working surface, we recommend that 1½ feet of import engineered fill be placed below culvert 

foundations. 

 

Primary geotechnical considerations relative to design and construction of the culverts are 

related to the “clean” (low silt and clay content) nature of the sand deposits encountered in the 

road embankment fill and underlying Whidbey Formation deposits and the presence of 

groundwater near the creek elevation.  The composition and density of the soils will likely 

require relatively flat temporary cut slopes on the order of 1½H:1V, in the absence of 

groundwater seepage.  Flatter cut slopes or shoring elements would likely be required if 

groundwater seepage is present.  

 

Given the relatively flat temporary cut slope inclination and the potential adverse impact of 

groundwater seepage on cut slope stability, we anticipate that temporary shoring will likely be 

considered to limit the extent of the excavation, and reduce the amount of existing utility piping 

that would require removal and replacement or above grade structural support during 

construction. Several shoring options appear feasible, including driven sheet piles, soldier piles 

with lagging, and other proprietary driven shoring systems. 

 

From a geotechnical design and construction perspective, the arch culvert and open-bottom 

concrete box culvert options are very similar.  The box culvert with sediment trap would likely 

require deeper excavations and additional shoring and dewatering provisions. 

 

The following sections provide a discussion regarding geotechnical design and construction 

considerations for the culvert replacement options under consideration. 

 

5.2 Earthwork Considerations 

 

5.2.1 Excavation 

It is anticipated that excavations for the proposed construction can be accomplished with 

conventional earthmoving equipment.  However, cobbles, boulders, and/or stumps may be 

present at the bottom of the road embankment fill based on the creek ravine conditions observed 

upstream and downstream of the embankment location.  The contractor should be prepared for 

these conditions. 
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5.2.2 Reuse of Existing Site Soils as Engineered Fill 

The suitability of soils for use as engineered fill depends primarily on the gradation and moisture 

content of the soil when it is placed.  As the amount of fines (that soil fraction passing the U.S. 

No. 200 sieve) increases, soil becomes increasingly sensitive to small changes in moisture 

content and adequate compaction becomes more difficult, or impossible, to achieve.  Generally, 

soils containing more than about 5 percent fines by weight (based on that soil fraction passing 

the U.S. No. 4 sieve) cannot be compacted to a firm, non-yielding condition when the moisture 

content is more than a few percent from optimum.  The optimum moisture content is that which 

yields the greatest soil density under a given compactive effort. 

 

In general, the existing embankment fill soils and underlying Whidbey Formation deposits 

encountered within anticipated excavation depths consist of sand with variable gravel content 

and trace silt.  These soils are considered acceptable for use as engineered fill from a 

compositional perspective and are considered to have a low to moderate moisture sensitivity 

relative to compaction.  All engineered fill should be free of organic material, debris, or other 

deleterious material.  Individual particle size should be less than 3 inches in maximum 

dimension. 

 

5.2.3 Temporary Cut Slopes 

We anticipate that temporary open cuts may be utilized during the installation of the 

replacement culvert.  Temporary slope stability is a function of many factors, including the 

following: 

 

 The presence and abundance of groundwater; 

 The type and density of the various soil strata; 

 The depth of cut; 

 Surcharge loading adjacent to the excavation; and 

 The length of time the excavation remains open. 

 

It is exceedingly difficult under the variable circumstances to pre-establish a safe and 

“maintenance-free” temporary cut slope angle.  Therefore, it should be the responsibility of the 

contractor to maintain safe slope configurations since the contractor is continuously at the job 

site, able to observe the nature and condition of the cut slopes, and able to monitor the 

subsurface materials and groundwater conditions encountered.  It may be necessary to drape 

temporary slopes with plastic or to otherwise protect the slopes from the elements and minimize 

sloughing and erosion.  We do not recommend vertical slopes or cuts deeper than 4 feet if 

worker access is necessary.  Temporary cuts should be adequately sloped or supported to 

prevent damage to existing nearby facilities, or injury to personnel from local sloughing and 

spalling.  The excavation should conform to applicable Federal, State, and local regulations. 
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According to Chapter 296-155, Part N, Excavation Trenching and Shoring, of the Washington 

Administrative Code (WAC), it is our opinion that the soils encountered at the site to anticipated 

excavation depths meet the criteria for a Type C soil.  According to the Code, excavations less 

than 20 feet deep in Type C soils may be cut at a maximum temporary slope angle of 34 

degrees (1½H:1V).  We therefore recommend that a maximum temporary slope angle of 34 

degrees (1½H:1V) be considered for preliminary planning and cost estimating purposes.  Flatter 

temporary cut slope inclinations may be needed in the presence of groundwater seepage.  The 

potential for groundwater seepage is discussed below in the Construction Dewatering section of 

this report. 

 

5.2.4 Construction Dewatering 

Two zones of groundwater were observed in borings B-1 and B-2. The upper groundwater zone 

was encountered near the creek elevation at a depth of about 15.5 feet (elevation 26.5) in 

boring B-1 and at a depth of about 13 feet (elevation 27.5) in boring B-2 while drilling.  This 

upper zone of groundwater is interpreted to represent water infiltrating into the sandy site soils 

from the creek and perched groundwater that may be present at the bottom of the road fill 

embankment.  A groundwater monitoring well was installed in boring B-2 to evaluate changes in 

the upper groundwater zone.  Groundwater was measured in the boring B-2 monitoring well at a 

depth of about 18.3 feet (elevation 22.2 feet) on June 19, 2012.  It should be noted that the 

water encountered in the B-2 monitoring well was only about 0.2 feet above the bottom of the 

well, and may represent water trapped in the well bottom cap. The current groundwater 

monitoring well readings suggest that the upper zone of groundwater seepage may not be well 

established and/or of low volume.  We recommend that additional well readings be taken to 

monitor conditions in the upper groundwater zone. 

 

The lower zone of groundwater was encountered at a depth of about 34.5 feet (elevation 7.5) in 

boring B-1 and at a depth of about 35 feet (elevation 5.5) in boring B-2 while drilling.  The lower 

groundwater zone is interpreted to represent the local phreatic groundwater surface. We 

anticipate that the lower groundwater zone will not have a significant impact on project 

construction provided that deep culvert foundations such as drilled shafts, or shoring systems 

such as soldier pile walls with drilled embedment sections are not utilized. If drilled shafts or 

soldier piles are utilized, construction methods are available to facilitate their installation below 

the deeper water table at increased project cost. 

 

We recommend that all project excavations be adequately dewatered so that work can be 

performed in the “dry”.  As indicated above, it is our interpretation that the upper groundwater 

zone is strongly influenced by infiltration of creek water.  We therefore recommend that the 

earthwork portions of the project be completed during the dry season (typically June through 

October) when creek flows are typically at their lower levels.  In addition, we recommend that 

the creek be tightlined through the work area during construction.  To reduce the impact of 

infiltration, we recommend that the tightline inlet and outlet locations be established as far 

upstream and downstream of the culvert foundation areas as feasible.  Additional dewatering 

measures could include shallow wells, and sumps within the excavations.  In our opinion, the 
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contractor should be responsible for designing and installing an appropriate dewatering system 

as needed to complete the work.  The dewatering plan should include provisions for disposal of 

the collected water.   

 

We anticipate that the effect of groundwater seepage on project construction would be similar 

relative to the arch culvert and box culvert options.  We anticipate that the box culvert with 

integrated sediment trap would be more strongly affected by adverse conditions associated with 

groundwater seepage due to the increased excavation depth of the sediment trap. 

 

5.2.5 Temporary Shoring 

Given the relatively flat temporary cut slope inclinations and the potential adverse impacts of 

groundwater seepage, we anticipate that temporary shoring may be considered to limit the 

extent of the excavation, and reduce the amount of existing utility piping that would require 

removal and replacement or above grade structural support during construction.  We typically 

recommend that temporary shoring systems be used where excavations will be located 

adjacent to property lines, roadways, or utilities, and might result in ground loss and damage to 

these facilities.   

 

A trench box is one type of support system which might be used.  The zone between the trench 

box and the excavation face should be backfilled as necessary to limit ground movements.  

However, given the anticipated culvert excavation extent and depth and location of the existing 

utilities, it appears unlikely that a shoring box system could be used without potential damage to 

the existing utilities or the need for their temporary removal or relocation. 

 

Other types of temporary shoring that could be considered include sheet pile and soldier pile 

walls.  These shoring types provide support for retained soils as the excavation proceeds and 

can be configured around existing utilities to some degree.  Given the granular nature of the site 

soils and the potential for groundwater seepage, flowing or running sands could pose a risk of 

ground loss and settlement relative to drilled soldier pile shafts and conventional timber lagging 

installations.  Construction options are available for soldier pile walls to reduce the risk of 

ground loss including the use of temporary casing or slurry for drilled shafts, driven steel sheet 

lagging, and driven soldier pile beam installation instead of drilled shafts.  The risk of ground 

loss associate with driven sheet piles is low.  

 

Proprietary shoring systems such as Speed Shoring could also be considered.  These systems 

typically include driven vertical beams and sheets, somewhat analogous to driven soldier pile 

walls with steel sheet lagging.  However, these proprietary systems typically do not rely on 

passive resistance of embedded beam elements and require internal bracing, which could 

conflict with utilities and culvert installation. 

 

Cobbles and boulders were not encountered in the explorations completed for this study.  

However, cobbles, boulders, and/or stumps may be present at the bottom of the road embankment 
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fill based on the creek ravine conditions observed upstream and downstream of the embankment 

location, as well as within the fill and underlying native soils. We anticipate that driven sheet piles or 

drilled or driven soldier piles could be installed to sufficient depths to provide passive resistance 

and resist kick-out at the toe of the wall.  However, we would recommend that adequate safety 

factors be included in the design of temporary shoring systems to allow for the field adjustment to 

beam locations or occasional sheet piles driven to reduced embedment depths. 

 

Preliminary soil parameters for the evaluation of temporary shoring systems are provided in the 

table below.  Terracon is available to provide active, at-rest, and passive earth pressures for 

particular shoring systems and retained slope inclinations (if a combination of shoring wall with 

partial cut slopes above are used), at your request. 

 

 
Recommended Soil Parameters for Design of Temporary Shoring Systems 

 

Soil Type 
 

Total Unit 
Weight 

(pcf) 

Effective Strength Parameters Undrained Shear 
Strength (ksf) Internal Angle of 

Friction (degrees) 
Cohesion 

(psf) 

Granular Road Fill  120 28 0 0 

Whidbey Formation  125 36 0 0 

 

The evaluation of temporary shoring systems should include the effects of surcharges (e.g., 

equipment loads, storage loads, traffic loads, or other surface loading), as appropriate.   

 

5.2.6 Permanent Slopes 

We recommend that permanent cut slopes in existing embankment fill soils be constructed no 

steeper than 2½H:1V.  We recommend that permanent cut and fill slopes in new compacted 

engineered fill or medium dense to very dense Whidbey Formation soils be constructed no 

steeper than 2H:1V. The recommended maximum permanent cut and fill slope inclinations 

assume that groundwater seepage is not present. Flatter slopes or alternative slope materials, 

such as quarry spalls or light loose rip-rap, may be required if seepage is encountered 

 

The existing road embankment slopes are generally steeper than 2H:1V and include rockery 

walls.  We anticipate that new culvert wing walls may be needed, depending on the width of the 

road right-or-way and replacement culvert width and height. 

 

5.3 Seismic Considerations 

 

Liquefaction is a phenomenon wherein saturated cohesionless soils build up excess pore water 

pressures during earthquake loading.  Liquefaction typically occurs in loose soils, but may occur 

in denser soils if the ground shaking is sufficiently strong.  Borings B-1 and B-2 encountered 

zones of medium dense sand below the groundwater table within the Whidbey Formation. 

Granular soils of this density may be susceptible to liquefaction during a design earthquake.  
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However, the borings completed for this project and borings completed by Terracon within the 

Whidbey Formation for the nearby Talbot Road Stormwater Improvement Project indicate that 

the zones of medium dense sand are isolated and not vertically or horizontally contiguous.  

Based on the isolated nature of the medium dense sand deposits, the depth to groundwater 

below anticipated culvert foundation elevations, and the pre-Vashon age of the Whidbey 

Formation, it is our opinion that the risk of seismic induced settlement associated with a 2009 

IBC design earthquake is low. 

 

5.4 Foundations 

 

Based on our analyses, conventional spread footings will provide adequate support for the three 

culvert options provided that foundation subgrades are properly prepared and that the 

foundations are protected from stream scour.  We anticipate allowable soil bearing capacities on 

the order of 2,500 to 4,000 pounds per square foot, depending on the size and depth of the 

foundations. 

 

We anticipate that the bottom of the culvert excavation will consist of relatively “clean” sand and 

will be susceptible to disturbance during excavation and construction.  To provide more uniform 

foundation support and a stable working surface, we recommend that import engineered fill be 

placed below culvert foundations.  For dry foundation excavation conditions, we recommend 

that import fill consist of angular Crushed Surfacing Base Course conforming to WSDOT 

Standard Specification Section 9-03.9(3). For wet foundation excavation conditions, we 

recommend that import fill consist of angular Permeable Ballast conforming to WSDOT 

Standard Specification Section 9-03.9(2).  Adequate fine grading of Permeable Ballast for 

precast foundations can be difficult given its coarse, angular gradation.  Crushed Surfacing 

Base Course may be placed above Permeable Ballast for fine grading considerations, provided 

that the Crushed Surfacing Base Course is above wet excavation and subgrade conditions. For 

preliminary planning purposes, we recommend a minimum import fill thickness of 1½ feet below 

foundation elements.  The import fill should extend beyond the edged of the foundation a 

distance at least equal to 2/3 the thickness of the fill. 

 

5.4.1 Foundation Embedment & Scour Considerations 

Foundation design should include provisions for scour protection. For shallow foundations, 

scour protection, when required, is often provided by establishing bottom of foundation 

elevations below anticipated scour depths, providing an adequate foundation setback from the 

creek, providing “hard” or “soft” armoring of creek embankments in the vicinity of abutments, or 

a combination of these methods.  We understand that a scour evaluation is being completed by 

others based on creek hydraulic information and stream bed and bank characteristics.  We 

recommend that provisions for scour protection be included in the project final design, as 

appropriate.  
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We anticipate that the potential need for scour protection would be similar relative to the arch 

culvert and box culvert options.  We anticipate that the potential need for scour protection could 

be reduced or possibly eliminated for the box culvert with integrated sediment trap if the 4 to 5 

foot deep sediment trap could be incorporated into the culvert foundation support system. 

 

 

6.0 GENERAL COMMENTS 
 

Terracon should be retained to review the final design plans and specifications so comments 

can be made regarding interpretation and implementation of our geotechnical recommendations 

in the design and specifications.  Terracon should also be retained to provide observation and 

testing services during grading, excavation, foundation construction and other earth-related 

construction phases of the project. 

 

The analysis and recommendations presented in this report are based upon the data obtained 

from the borings performed at the indicated locations and from other information discussed in 

this report.  This report does not reflect variations that may occur between explorations, across 

the site, or due to the modifying effects of construction or weather.  The nature and extent of 

such variations may not become evident until during or after construction.  If variations appear, 

we should be immediately notified so that further evaluation and supplemental 

recommendations can be provided. 

 

The scope of services for this project does not include either specifically or by implication any 

environmental or biological (e.g., mold, fungi, bacteria) assessment of the site or identification or 

prevention of pollutants, hazardous materials or conditions.  If the owner is concerned about the 

potential for such contamination or pollution, other studies should be undertaken. 

 

This report has been prepared for the exclusive use of our client for specific application to the 

project discussed and has been prepared in accordance with generally accepted geotechnical 

engineering practices.  No warranties, either express or implied, are intended or made.  Site 

safety, excavation support, and dewatering requirements are the responsibility of others.  In the 

event that changes in the nature, design, or location of the project as outlined in this report are 

planned, the conclusions and recommendations contained in this report shall not be considered 

valid unless Terracon reviews the changes and either verifies or modifies the conclusions of this 

report in writing. 

 



 

 

 

 

 

 

 

 

 

 

 

APPENDIX A 

FIELD EXPLORATION 

 













Preliminary Geotechnical Engineering Report  
Perrinville Creek Culvert Replacement Project 
Talbot Road ■ Edmonds, Washington  
July 3, 2012 ■ Terracon Project No.: 81125041 

 

Exhibit A-3 
 

Field Exploration Description 

 

Our field exploration for this project included 2 borings completed on May 14, 2012.  The 

approximate exploration locations are shown on the Boring Location Diagram, Exhibit A-2.  The 

exploration locations were determined by measuring distances from existing site features with a 

fiberglass tape relative to a preliminary topographic site plan provided by CH2M Hill.  Ground 

surface elevations at the exploration locations were interpolated from topographic information 

presented on the site plan.  The site plan vertical datum is NAVD 88.  The locations and 

elevations of the borings should be considered accurate only to the degree implied by the means 

and methods used to define them. 

 

The borings were advanced by an independent drilling company working under subcontract to 

Terracon.  The borings were advanced with a hollow stem auger using a trailer-mounted drill rig.  

A geotechnical engineer from our firm continuously observed the borings, logged the subsurface 

conditions encountered, and obtained representative soil samples.  All samples were stored in 

moisture-tight containers and transported to our laboratory for testing.   

 

Throughout the drilling operation, soil samples were obtained at 2.5- to 5-foot depth intervals by 

means of the Standard Penetration Test (ASTM: D-1586).  This testing and sampling procedure 

consists of using a cathead to drive a standard 2-inch outside diameter steel split spoon 

sampler 18 inches into the soil with a 140-pound hammer free falling 30 inches.  The number of 

blows required to drive the sampler through each 6-inch interval is recorded, and the total 

number of blows struck during the final 12 inches is reported as the Standard Penetration 

Resistance, or “blow count” (N value).  If a total of 50 blows is struck within any 6-inch interval, 

the driving is stopped and the blow count is reported as 50 blows for the actual penetration 

distance.  The resulting Standard Penetration Resistance values indicate the relative density of 

granular soils and the relative consistency of cohesive soils. 

 

The enclosed boring logs describe the vertical sequence of soils and materials encountered in 

each boring, based primarily upon our field classifications.  Where a soil contact was observed 

to be gradational, our logs indicate the average contact depth.  Where a soil type changed 

between sample intervals, we inferred the contact depth.  Our logs also graphically indicate the 

blow count, sample type, sample number, and approximate depth of each soil sample obtained 

from the boring.  If groundwater was encountered in a borehole, the approximate groundwater 

depth, and date of observation, are depicted on the log.   
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PROJECT:  Perrinville Creek Culvert
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Abandonment Method:
Borings backfilled with bentonite chips upon completion.

Advancement Method:
Hollow Stem Auger

BORING LOG NO. B-1

Notes:

Project No.: 81125041

Boring Completed: 5/14/2012

Drill Rig: XL Driller: Geologic

Boring Started: 5/14/2012
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WATER LEVEL OBSERVATIONS

See Appendix C for explanation of symbols and
abbreviations.

See Appendix B for description of laboratory procedures
and additional data, (if any).
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abbreviations.

See Appendix B for description of laboratory procedures
and additional data, (if any).
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See Exhibit A-3 for description of field procedures
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53.0

54.0

SAND (SP-SM), with silt, gray, dense, saturated, (Whidbey Formation) (continued)

SILTY SAND (SM), with gravel, gray, very dense, wet, (GLACIAL TILL)

Boring Terminated at 54 Feet
Perched groundwater observed from 15.5 to 20 feet.
Groundwater observed at 34.5 feet while drilling.

11N=72 S-1418
-11+/-

-12+/-
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DEPTH

Stratification lines are approximate. In-situ, the transition may be gradual. Hammer Type:  Rope and Cathead

See Exhibit A-2
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21905 64th Ave. W, Suite 100
Mountlake Terrace, Washington

CLIENT: Herrera

                    Talbot Road
                    Edmonds, Washington

PROJECT:  Perrinville Creek Culvert
Replacement Project

SITE:

Abandonment Method:
Borings backfilled with bentonite chips upon completion.

Advancement Method:
Hollow Stem Auger

BORING LOG NO. B-1

Notes:

Project No.: 81125041

Boring Completed: 5/14/2012

Drill Rig: XL Driller: Geologic

Boring Started: 5/14/2012

Page 3 of 3

15.5' Perched While Drilling

34.5' While Drilling

WATER LEVEL OBSERVATIONS

See Appendix C for explanation of symbols and
abbreviations.

See Appendix B for description of laboratory procedures
and additional data, (if any).
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See Exhibit A-3 for description of field procedures
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0.7

12.5

14.5

22.5

8 inches ASPHALT

SAND (SP), with gravel, trace silt, brown, loose to medium
dense, moist, (FILL)

SILTY SAND (SM), trace gravel, brown, medium dense,
saturated, (Whidbey Formation)

GRAVELLY SAND (SP), with silt, gray, medium dense,
saturated, (Whidbey Formation)

grades to with gravel

SAND (SP), with gravel, trace silt, brown, medium dense to
dense, moist, (Whidbey Formation)

8

2

7

6

20
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15

7

S-1

S-2

S-3

S-4

S-5
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3
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12

10
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8
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12

3-3-3
N=6

2-3-3
N=6

5-6-5
N=11

3-3-4
N=7

3-6-7
N=13

15-13-14
N=27

9-10-8
N=18

10-14-16
N=30

40+/-

28+/-

26+/-
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DEPTH

Stratification lines are approximate. In-situ, the transition may be gradual. Hammer Type:  Rope and Cathead

See Exhibit A-2

21905 64th Ave. W, Suite 100
Mountlake Terrace, Washington

CLIENT: Herrera

                    Talbot Road
                    Edmonds, Washington

PROJECT:  Perrinville Creek Culvert
Replacement Project

SITE:

Abandonment Method:
Borings backfilled with bentonite chips upon completion.

Advancement Method:
Hollow Stem Auger

BORING LOG NO. B-2

Notes:

Project No.: 81125041

Boring Completed: 5/14/2012

Drill Rig: XL Driller: Geologic

Boring Started: 5/14/2012

Page 1 of 2

13' Perched While Drilling

35' While Drilling

18.3' on 6-19-2012

WATER LEVEL OBSERVATIONS

See Appendix C for explanation of symbols and
abbreviations.

See Appendix B for description of laboratory procedures
and additional data, (if any).
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See Exhibit A-3 for description of field procedures
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39.0

SAND (SP), with gravel, trace silt, brown, medium dense to
dense, moist, (Whidbey Formation) (continued)

grades to saturated

Boring Terminated at 39 Feet
Perched groundwater observed from 13 to 22.5 feet.
Groundwater observed at 39 feet while drilling.
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15

S-9

S-10

S-11
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10-12-15
N=27

7-13-15
N=28

8-9-13
N=22

1.5+/-
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DEPTH

Stratification lines are approximate. In-situ, the transition may be gradual. Hammer Type:  Rope and Cathead

See Exhibit A-2

21905 64th Ave. W, Suite 100
Mountlake Terrace, Washington

CLIENT: Herrera

                    Talbot Road
                    Edmonds, Washington

PROJECT:  Perrinville Creek Culvert
Replacement Project

SITE:

Abandonment Method:
Borings backfilled with bentonite chips upon completion.

Advancement Method:
Hollow Stem Auger

BORING LOG NO. B-2

Notes:

Project No.: 81125041

Boring Completed: 5/14/2012

Drill Rig: XL Driller: Geologic

Boring Started: 5/14/2012

Page 2 of 2

13' Perched While Drilling

35' While Drilling

18.3' on 6-19-2012

WATER LEVEL OBSERVATIONS

See Appendix C for explanation of symbols and
abbreviations.

See Appendix B for description of laboratory procedures
and additional data, (if any).
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See Exhibit A-3 for description of field procedures
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APPENDIX B 

LABORATORY TESTING 

 





Preliminary Geotechnical Engineering Report  
Perrinville Creek Culvert Replacement Project 
Talbot Road ■ Edmonds, Washington  
July 3, 2012 ■ Terracon Project No.: 81125041 

 

Exhibit B-1 

Laboratory Testing 

 

Samples retrieved during the field exploration were taken to the laboratory for further 

observation by the project geotechnical engineer and were classified in accordance with the 

Unified Soil Classification System (USCS) described in Appendix C.  At that time, the field 

descriptions were confirmed or modified as necessary and an applicable laboratory testing 

program was formulated to determine engineering properties of the subsurface materials.   

 

Laboratory tests were conducted on selected soil samples and the test results are presented in 

this appendix.  The laboratory test results were used for the geotechnical engineering analyses, 

and the development of foundation and earthwork recommendations.  Laboratory tests were 

performed in general accordance with the applicable ASTM, local or other accepted standards. 

 

Selected soil samples obtained from the site were tested for the following index properties: 

 

 Moisture Content  Grain Size Analysis 

 200 Wash  
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0.0 28.0 70.9

3.1

DEPTH
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GRAIN SIZE DISTRIBUTION ASTM D422

SP5 - 6.5
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37.5 - 39

100.0
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GRAVEL(SP)
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SIEVE
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30 403 60

HYDROMETERU.S. SIEVE OPENING IN INCHES U.S. SIEVE NUMBERS

44 10063

2.25

2

fine coarse

SOIL DESCRIPTION

CU 6.61

1.5 in
1.0  in
3/4 in
1/2 in
3/8 in

#4
#8
#10
#20
#30
#60
#100
#200

BORING ID

21905 64th Ave. W, Suite 100
Mountlake Terrace, Washington

CLIENT:  Herrera
SITE:  Talbot Road

           Edmonds, Washington

PROJECT:  Perrinville Creek Culvert

Replacement
PROJECT NUMBER:  81125041

EXHIBIT:  B-1
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APPENDIX C 

SUPPORTING DOCUMENTS 

 





Trace
With
Modifier

Water Level After
a Specified Period of Time

GRAIN SIZE TERMINOLOGYRELATIVE PROPORTIONS OF SAND AND GRAVEL

Trace
With
Modifier

Standard Penetration or
N-Value

Blows/Ft.

Descriptive Term
(Consistency)

Loose

Very Stiff

Exhibit C-1

Standard Penetration or
N-Value

Blows/Ft.

Ring Sampler
Blows/Ft.

Ring Sampler
Blows/Ft.

Medium Dense

Dense

Very Dense

0 - 1 < 3

4 - 9 2 - 4 3 - 4

Medium-Stiff 5 - 9

30 - 50

W
A

T
E

R
 L

E
V

E
L

Auger

Shelby Tube

Ring Sampler

Grab Sample

8 - 15

Split Spoon

Macro Core

Rock Core

PLASTICITY DESCRIPTION

Term

< 15
15 - 29
> 30

Descriptive Term(s)
of other constituents

Water Initially
Encountered

Water Level After a
Specified Period of Time

Major Component
of Sample

Percent of
Dry Weight

(More than 50% retained on No. 200 sieve.)
Density determined by Standard Penetration Resistance

Includes gravels, sands and silts.

Hard

Very Loose 0 - 3 0 - 6 Very Soft

7 - 18 Soft

10 - 29 19 - 58

59 - 98 Stiff

less than 500

500 to 1,000

1,000 to 2,000

2,000 to 4,000

4,000 to 8,000> 99

LOCATION AND ELEVATION NOTES

S
A

M
P

L
IN

G

F
IE

L
D

 T
E

S
T

S

(HP)

(T)

(b/f)

(PID)

(OVA)

DESCRIPTION OF SYMBOLS AND ABBREVIATIONS

Descriptive Term
(Density)

Non-plastic
Low
Medium
High

Boulders
Cobbles
Gravel
Sand
Silt or Clay

10 - 18

> 50 15 - 30 19 - 42

> 30 > 42

_

Hand Penetrometer

Torvane

Standard Penetration
Test (blows per foot)

Photo-Ionization Detector

Organic Vapor Analyzer

Water levels indicated on the soil boring
logs are the levels measured in the
borehole at the times indicated.
Groundwater level variations will occur
over time. In low permeability soils,
accurate determination of groundwater
levels is not possible with short term
water level observations.

CONSISTENCY OF FINE-GRAINED SOILS

(50% or more passing the No. 200 sieve.)
Consistency determined by laboratory shear strength testing, field

visual-manual procedures or standard penetration resistance

DESCRIPTIVE SOIL CLASSIFICATION

> 8,000

Unless otherwise noted, Latitude and Longitude are approximately determined using a hand-held GPS device. The accuracy
of such devices is variable. Surface elevation data annotated with +/- indicates that no actual topographical survey was
conducted to confirm the surface elevation. Instead, the surface elevation was approximately determined from topographic
maps of the area.

Soil classification is based on the Unified Soil Classification System. Coarse Grained Soils have more than 50% of their dry
weight retained on a #200 sieve; their principal descriptors are: boulders, cobbles, gravel or sand. Fine Grained Soils have
less than 50% of their dry weight retained on a #200 sieve; they are principally described as clays if they are plastic, and
silts if they are slightly plastic or non-plastic. Major constituents may be added as modifiers and minor constituents may be
added according to the relative proportions based on grain size. In addition to gradation, coarse-grained soils are defined
on the basis of their in-place relative density and fine-grained soils on the basis of their consistency.

Plasticity Index

0
1 - 10
11 - 30

> 30

RELATIVE PROPORTIONS OF FINES

Descriptive Term(s)
of other constituents

Percent of
Dry Weight

< 5
5 - 12
> 12

No Recovery

RELATIVE DENSITY OF COARSE-GRAINED SOILS

Particle Size

Over 12 in. (300 mm)
12 in. to 3 in. (300mm to 75mm)
3 in. to #4 sieve (75mm to 4.75 mm)
#4 to #200 sieve (4.75mm to 0.075mm
Passing #200 sieve (0.075mm)

S
T

R
E

N
G

T
H

 T
E

R
M

S Unconfined Compressive
Strength, Qu, psf

4 - 8

GENERAL NOTES



Exhibit C-2 

UNIFIED SOIL CLASSIFICATION SYSTEM 

Criteria for Assigning Group Symbols and Group Names Using Laboratory Tests
 A

 

Soil Classification 

Group 

Symbol 
Group Name

 B
 

Coarse Grained Soils: 

More than 50% retained 

on No. 200 sieve 

Gravels: 

More than 50% of 

coarse fraction retained 

on No. 4 sieve 

Clean Gravels: 

Less than 5% fines
 C

 

Cu  4 and 1  Cc  3
 E

 GW Well-graded gravel
 F
 

Cu  4 and/or 1  Cc  3
 E

 GP Poorly graded gravel
 F
 

Gravels with Fines: 

More than 12% fines
 C

 

Fines classify as ML or MH GM Silty gravel
 F,G,H

 

Fines classify as CL or CH GC Clayey gravel
 F,G,H

 

Sands: 

50% or more of coarse 

fraction passes No. 4 

sieve 

Clean Sands: 

Less than 5% fines
 D

 

Cu  6 and 1  Cc  3
 E

 SW Well-graded sand
 I
 

Cu  6 and/or 1  Cc  3
 E

 SP Poorly graded sand
 I
 

Sands with Fines: 

More than 12% fines
 D

 

Fines classify as ML or MH SM Silty sand
 G,H,I

 

Fines classify as CL or CH SC Clayey sand
 G,H,I

 

Fine-Grained Soils: 

50% or more passes the 

No. 200 sieve 

Silts and Clays: 

Liquid limit less than 50 

Inorganic: 
PI  7 and plots on or above “A” line

 J
 CL Lean clay

 K,L,M
 

PI  4 or plots below “A” line
 J
 ML Silt

 K,L,M
 

Organic: 
Liquid limit - oven dried 

 0.75 OL 
Organic clay

 K,L,M,N
 

Liquid limit - not dried Organic silt
 K,L,M,O

 

Silts and Clays: 

Liquid limit 50 or more 

Inorganic: 
PI plots on or above “A” line CH Fat clay

 K,L,M
 

PI plots below “A” line MH Elastic Silt
 K,L,M

 

Organic: 
Liquid limit - oven dried 

 0.75 OH 
Organic clay

 K,L,M,P
 

Liquid limit - not dried Organic silt
 K,L,M,Q

 

Highly organic soils: Primarily organic matter, dark in color, and organic odor PT Peat 
 

A 
Based on the material passing the 3-inch (75-mm) sieve 

B 
If field sample contained cobbles or boulders, or both, add “with cobbles 

or boulders, or both” to group name. 
C 

Gravels with 5 to 12% fines require dual symbols:  GW-GM well-graded 

gravel with silt, GW-GC well-graded gravel with clay, GP-GM poorly 

graded gravel with silt, GP-GC poorly graded gravel with clay. 
D 

Sands with 5 to 12% fines require dual symbols:  SW-SM well-graded 

sand with silt, SW-SC well-graded sand with clay, SP-SM poorly graded 

sand with silt, SP-SC poorly graded sand with clay 

E 
Cu = D60/D10     Cc = 

6010

2

30

DxD

)(D
 

F 
If soil contains  15% sand, add “with sand” to group name. 

G 
If fines classify as CL-ML, use dual symbol GC-GM, or SC-SM. 

 

H 
If fines are organic, add “with organic fines” to group name. 

I 
If soil contains  15% gravel, add “with gravel” to group name. 

J 
If Atterberg limits plot in shaded area, soil is a CL-ML, silty clay. 

K 
If soil contains 15 to 29% plus No. 200, add “with sand” or “with gravel,” 

whichever is predominant. 
L 

If soil contains  30% plus No. 200 predominantly sand, add “sandy” to 

group name. 
M 

If soil contains  30% plus No. 200, predominantly gravel, add 

“gravelly” to group name. 
N 

PI  4 and plots on or above “A” line. 
O 

PI  4 or plots below “A” line. 
P 

PI plots on or above “A” line. 
Q 

PI plots below “A” line. 
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Hydraulic Model Output 
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Figure D-1. 
Hydraulic model setup and 
cross-section locations.
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Total Flow
Minimum 
Channel 
Elevation

Water 
Surface 
Elevation

Critical 
Water 
Surface

Energy 
Grade 

Elevation

Energy 
Grade Slope

Velocity 
Channel

Flow Area Top Width
Shear Stress 
in Channel

Shear Stress 
in Total 
Section

Maximum 
Channel Depth

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft) (lb/sq ft) (lb/sq ft) (ft)

Talbot Rd 592.249 72% of Q2 Pre‐project Existing Flows 35 41.79 42.82 42.98 0.028735 3.19 10.99 14.3 0.64 1.34 1.34 1.03
Talbot Rd 592.249 72% of Q2 Pre‐project Future Flows 45 41.79 42.97 43.16 0.027179 3.42 13.16 14.69 0.64 1.47 1.47 1.18
Talbot Rd 592.249 72% of Q2 Post‐project Existing Flows 35 41.79 42.84 42.99 0.026585 3.11 11.27 14.35 0.62 1.26 1.26 1.05
Talbot Rd 592.249 72% of Q2 Post‐project Future Flows 45 41.79 43 43.17 0.024886 3.32 13.55 14.76 0.61 1.37 1.37 1.21
Talbot Rd 592.249 Q2 Pre‐project Existing Flows 49 41.79 43.03 43.22 0.026874 3.51 13.97 14.83 0.64 1.52 1.52 1.24
Talbot Rd 592.249 Q2 Pre‐project Future Flows 63 41.79 43.21 43.43 0.025724 3.77 16.71 15.3 0.64 1.68 1.68 1.42
Talbot Rd 592.249 Q2 Post‐project Existing Flows 49 41.79 43.06 43.24 0.024126 3.39 14.47 14.92 0.61 1.4 1.4 1.27
Talbot Rd 592.249 Q2 Post‐project Future Flows 63 41.79 43.24 43.45 0.023699 3.67 17.16 15.37 0.61 1.58 1.58 1.45
Talbot Rd 592.249 Q5 Pre‐project Existing Flows 75 41.79 43.33 43.58 0.026422 4.04 18.58 15.6 0.65 1.87 1.87 1.54
Talbot Rd 592.249 Q5 Pre‐project Future Flows 92 41.79 43.51 43.8 0.025912 4.29 21.43 16.06 0.65 2.04 2.04 1.72
Talbot Rd 592.249 Q5 Post‐project Existing Flows 75 41.79 43.38 43.61 0.023388 3.88 19.35 15.72 0.62 1.7 1.7 1.59
Talbot Rd 592.249 Q5 Post‐project Future Flows 92 41.79 43.56 43.83 0.023283 4.14 22.21 16.18 0.62 1.88 1.88 1.77
Talbot Rd 592.249 Q10 Pre‐project Existing Flows 95 41.79 43.54 43.83 0.025844 4.33 21.92 16.14 0.66 2.07 2.07 1.75
Talbot Rd 592.249 Q10 Pre‐project Future Flows 112 41.79 43.71 44.03 0.025521 4.54 24.64 16.65 0.66 2.21 2.21 1.92
Talbot Rd 592.249 Q10 Post‐project Existing Flows 95 41.79 43.59 43.86 0.023307 4.19 22.69 16.26 0.62 1.91 1.91 1.8
Talbot Rd 592.249 Q10 Post‐project Future Flows 112 41.79 43.75 44.05 0.023641 4.42 25.34 16.86 0.64 2.08 2.08 1.96
Talbot Rd 592.249 Q100 Pre‐project Existing Flows 203 41.79 44.36 44.85 0.025907 5.65 36.75 20.75 0.69 3.08 2.67 2.57
Talbot Rd 592.249 Q100 Pre‐project Future Flows 225 41.79 44.48 45.02 0.026344 5.9 39.37 21.53 0.7 3.29 2.81 2.69
Talbot Rd 592.249 Q100 Post‐project Existing Flows 203 41.79 44.36 44.85 0.025632 5.64 36.89 20.79 0.69 3.06 2.65 2.57
Talbot Rd 592.249 Q100 Post‐project Future Flows 225 41.79 44.48 45.02 0.026201 5.89 39.44 21.55 0.7 3.28 2.79 2.69

Talbot Rd 567.5773 72% of Q2 Pre‐project Existing Flows 35 40.53 41.91 41.73 42.13 0.040787 3.78 9.27 11.47 0.74 1.88 1.88 1.38
Talbot Rd 567.5773 72% of Q2 Pre‐project Future Flows 45 40.53 42.05 41.88 42.32 0.043138 4.11 10.96 12.45 0.77 2.17 2.17 1.52
Talbot Rd 567.5773 72% of Q2 Post‐project Existing Flows 35 40.53 41.85 42.11 0.049654 4.07 8.6 11.06 0.81 2.21 2.21 1.32
Talbot Rd 567.5773 72% of Q2 Post‐project Future Flows 45 40.53 41.99 42.29 0.05298 4.44 10.14 11.99 0.85 2.56 2.56 1.46
Talbot Rd 567.5773 Q2 Pre‐project Existing Flows 49 40.53 42.11 41.93 42.39 0.043054 4.19 11.69 12.85 0.77 2.23 2.23 1.58
Talbot Rd 567.5773 Q2 Pre‐project Future Flows 63 40.53 42.27 42.1 42.59 0.045377 4.55 13.85 13.95 0.8 2.56 2.56 1.74
Talbot Rd 567.5773 Q2 Post‐project Existing Flows 49 40.53 42.04 41.93 42.36 0.054076 4.57 10.73 12.32 0.86 2.69 2.69 1.51
Talbot Rd 567.5773 Q2 Post‐project Future Flows 63 40.53 42.19 42.1 42.57 0.056929 4.95 12.72 13.39 0.9 3.08 3.08 1.66
Talbot Rd 567.5773 Q5 Pre‐project Existing Flows 75 40.53 42.45 42.23 42.77 0.041267 4.59 16.35 15.11 0.78 2.53 2.53 1.92
Talbot Rd 567.5773 Q5 Pre‐project Future Flows 92 40.53 42.6 42.4 42.97 0.043402 4.92 18.7 16.12 0.8 2.84 2.84 2.07
Talbot Rd 567.5773 Q5 Post‐project Existing Flows 75 40.53 42.31 42.23 42.73 0.058411 5.22 14.36 14.19 0.92 3.35 3.35 1.78
Talbot Rd 567.5773 Q5 Post‐project Future Flows 92 40.53 42.47 42.4 42.94 0.059159 5.52 16.65 15.24 0.93 3.66 3.66 1.94
Talbot Rd 567.5773 Q10 Pre‐project Existing Flows 95 40.53 42.62 42.42 43 0.044088 4.99 19.05 16.26 0.81 2.92 2.92 2.09
Talbot Rd 567.5773 Q10 Pre‐project Future Flows 112 40.53 42.72 42.57 43.17 0.047977 5.39 20.79 16.8 0.85 3.34 3.34 2.19
Talbot Rd 567.5773 Q10 Post‐project Existing Flows 95 40.53 42.49 42.42 42.97 0.059186 5.57 17.06 15.42 0.93 3.7 3.7 1.96
Talbot Rd 567.5773 Q10 Post‐project Future Flows 112 40.53 42.64 42.57 43.16 0.058886 5.79 19.33 16.38 0.94 3.92 3.92 2.11
Talbot Rd 567.5773 Q100 Pre‐project Existing Flows 203 40.53 43.28 43.16 43.95 0.051809 6.61 30.7 19.06 0.92 4.63 4.63 2.75
Talbot Rd 567.5773 Q100 Pre‐project Future Flows 225 40.53 43.41 43.28 44.12 0.050976 6.77 33.22 19.59 0.92 4.78 4.78 2.88
Talbot Rd 567.5773 Q100 Post‐project Existing Flows 203 40.53 43.26 43.16 43.95 0.053179 6.67 30.42 19 0.93 4.73 4.73 2.73
Talbot Rd 567.5773 Q100 Post‐project Future Flows 225 40.53 43.4 43.28 44.12 0.051655 6.81 33.06 19.56 0.92 4.83 4.83 2.87

Talbot Rd 530.6083 72% of Q2 Pre‐project Existing Flows 35 39.12 40.14 40.38 0.055895 4 8.75 13.08 0.86 2.22 2.22 1.02
Talbot Rd 530.6083 72% of Q2 Pre‐project Future Flows 45 39.12 40.26 40.18 40.55 0.053123 4.31 10.43 13.27 0.86 2.46 2.46 1.14
Talbot Rd 530.6083 72% of Q2 Post‐project Existing Flows 35 39.12 40.19 40.4 0.042824 3.67 9.52 13.16 0.76 1.83 1.83 1.07

Reach River Station  Profile Plan
Froude 
Number 
Channel
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Talbot Rd 530.6083 72% of Q2 Post‐project Future Flows 45 39.12 40.34 40.58 0.040415 3.95 11.38 13.37 0.75 2.01 2.01 1.22
Talbot Rd 530.6083 Q2 Pre‐project Existing Flows 49 39.12 40.31 40.22 40.62 0.052757 4.44 11.04 13.33 0.86 2.56 2.56 1.19
Talbot Rd 530.6083 Q2 Pre‐project Future Flows 63 39.12 40.47 40.82 0.05008 4.78 13.19 13.57 0.85 2.82 2.82 1.35
Talbot Rd 530.6083 Q2 Post‐project Existing Flows 49 39.12 40.39 40.64 0.039579 4.05 12.1 13.45 0.75 2.08 2.08 1.27
Talbot Rd 530.6083 Q2 Post‐project Future Flows 63 39.12 40.56 40.86 0.03747 4.35 14.48 13.71 0.75 2.28 2.28 1.44
Talbot Rd 530.6083 Q5 Pre‐project Existing Flows 75 39.12 40.53 40.47 40.97 0.058 5.33 14.07 13.66 0.93 3.45 3.45 1.41
Talbot Rd 530.6083 Q5 Pre‐project Future Flows 92 39.12 40.72 41.19 0.052604 5.55 16.59 13.93 0.9 3.57 3.57 1.6
Talbot Rd 530.6083 Q5 Post‐project Existing Flows 75 39.12 40.7 41.03 0.036231 4.57 16.4 13.91 0.74 2.44 2.44 1.58
Talbot Rd 530.6083 Q5 Post‐project Future Flows 92 39.12 40.88 41.25 0.035169 4.86 18.93 14.18 0.74 2.65 2.65 1.76
Talbot Rd 530.6083 Q10 Pre‐project Existing Flows 95 39.12 40.75 41.23 0.051422 5.57 17.07 13.98 0.89 3.57 3.57 1.63
Talbot Rd 530.6083 Q10 Pre‐project Future Flows 112 39.12 40.94 41.44 0.045529 5.66 19.79 14.27 0.85 3.55 3.55 1.82
Talbot Rd 530.6083 Q10 Post‐project Existing Flows 95 39.12 40.91 41.29 0.035023 4.91 19.36 14.22 0.74 2.69 2.69 1.79
Talbot Rd 530.6083 Q10 Post‐project Future Flows 112 39.12 41.08 41.49 0.034379 5.16 21.71 14.47 0.74 2.88 2.88 1.96
Talbot Rd 530.6083 Q100 Pre‐project Existing Flows 203 39.12 41.8 42.41 0.033666 6.23 32.61 15.54 0.76 3.8 3.8 2.68
Talbot Rd 530.6083 Q100 Pre‐project Future Flows 225 39.12 41.99 42.61 0.032326 6.34 35.47 15.81 0.75 3.87 3.87 2.87
Talbot Rd 530.6083 Q100 Post‐project Existing Flows 203 39.12 41.84 42.42 0.031817 6.11 33.24 15.6 0.74 3.64 3.64 2.72
Talbot Rd 530.6083 Q100 Post‐project Future Flows 225 39.12 42.01 42.62 0.03116 6.26 35.92 15.85 0.73 3.76 3.76 2.89

Talbot Rd 500.0594 72% of Q2 Pre‐project Existing Flows 35 37.76 38.94 39.12 0.03057 3.47 10.1 11.41 0.65 1.54 1.54 1.18
Talbot Rd 500.0594 72% of Q2 Pre‐project Future Flows 45 37.76 39.09 39.31 0.030739 3.8 11.84 11.53 0.66 1.77 1.77 1.33
Talbot Rd 500.0594 72% of Q2 Post‐project Existing Flows 35 37.76 38.84 39.07 0.04436 3.9 8.97 11.34 0.77 2.02 2.02 1.08
Talbot Rd 500.0594 72% of Q2 Post‐project Future Flows 45 37.76 38.96 39.25 0.046272 4.33 10.39 11.43 0.8 2.39 2.39 1.2
Talbot Rd 500.0594 Q2 Pre‐project Existing Flows 49 37.76 39.15 39.39 0.030711 3.91 12.52 11.57 0.66 1.85 1.85 1.39
Talbot Rd 500.0594 Q2 Pre‐project Future Flows 63 37.76 39.34 39.62 0.030409 4.26 14.78 11.71 0.67 2.1 2.1 1.58
Talbot Rd 500.0594 Q2 Post‐project Existing Flows 49 37.76 39.01 39.32 0.047169 4.49 10.9 11.47 0.81 2.54 2.54 1.25
Talbot Rd 500.0594 Q2 Post‐project Future Flows 63 37.76 39.16 39.54 0.049313 4.99 12.63 11.58 0.84 3 3 1.4
Talbot Rd 500.0594 Q5 Pre‐project Existing Flows 75 37.76 39.69 39.94 0.020289 3.96 18.94 11.97 0.55 1.7 1.7 1.93
Talbot Rd 500.0594 Q5 Pre‐project Future Flows 92 37.76 40.01 40.26 0.017631 4.04 22.75 12.21 0.52 1.69 1.69 2.25
Talbot Rd 500.0594 Q5 Post‐project Existing Flows 75 37.76 39.28 39.72 0.050321 5.34 14.05 11.67 0.86 3.33 3.33 1.52
Talbot Rd 500.0594 Q5 Post‐project Future Flows 92 37.76 39.45 39.31 39.96 0.050414 5.73 16.05 11.79 0.87 3.71 3.71 1.69
Talbot Rd 500.0594 Q10 Pre‐project Existing Flows 95 37.76 40.08 40.33 0.016748 4.02 23.65 12.26 0.51 1.65 1.65 2.32
Talbot Rd 500.0594 Q10 Pre‐project Future Flows 112 37.76 40.26 40.55 0.017792 4.32 25.91 12.4 0.53 1.88 1.88 2.5
Talbot Rd 500.0594 Q10 Post‐project Existing Flows 95 37.76 39.48 39.34 40 0.050352 5.79 16.4 11.82 0.87 3.77 3.77 1.72
Talbot Rd 500.0594 Q10 Post‐project Future Flows 112 37.76 39.65 39.49 40.22 0.049651 6.1 18.37 11.94 0.87 4.06 4.06 1.89
Talbot Rd 500.0594 Q100 Pre‐project Existing Flows 203 37.76 41.01 41.52 0.023581 5.74 35.39 12.95 0.61 3.07 3.07 3.25
Talbot Rd 500.0594 Q100 Pre‐project Future Flows 225 37.76 41.18 41.74 0.024476 5.99 37.53 13.07 0.62 3.32 3.32 3.42
Talbot Rd 500.0594 Q100 Post‐project Existing Flows 203 37.76 40.46 41.26 0.044628 7.15 28.4 12.55 0.84 5.02 5.02 2.7
Talbot Rd 500.0594 Q100 Post‐project Future Flows 225 37.76 40.65 41.48 0.043649 7.33 30.71 12.68 0.83 5.18 5.18 2.89

Talbot Rd 472.1168 72% of Q2 Pre‐project Existing Flows 35 37.2 38.49 38.57 0.012459 2.39 14.62 15.32 0.43 0.71 0.71 1.29
Talbot Rd 472.1168 72% of Q2 Pre‐project Future Flows 45 37.2 38.67 38.77 0.0118 2.57 17.5 15.7 0.43 0.78 0.78 1.47
Talbot Rd 472.1168 72% of Q2 Post‐project Existing Flows 35 36.75 38.1 38.23 0.020548 2.86 12.25 14.52 0.55 1.04 1.04 1.35
Talbot Rd 472.1168 72% of Q2 Post‐project Future Flows 45 36.75 38.27 38.42 0.018903 3.04 14.8 14.88 0.54 1.12 1.12 1.52
Talbot Rd 472.1168 Q2 Pre‐project Existing Flows 49 37.2 38.74 38.85 0.011564 2.63 18.62 15.85 0.43 0.8 0.8 1.54
Talbot Rd 472.1168 Q2 Pre‐project Future Flows 63 37.2 38.98 39.1 0.010866 2.81 22.42 16.34 0.42 0.87 0.87 1.78
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Talbot Rd 472.1168 Q2 Post‐project Existing Flows 49 36.75 38.34 38.49 0.018357 3.1 15.79 15.02 0.53 1.15 1.15 1.59
Talbot Rd 472.1168 Q2 Post‐project Future Flows 63 36.75 38.56 38.73 0.016806 3.29 19.15 15.47 0.52 1.23 1.23 1.81
Talbot Rd 472.1168 Q5 Pre‐project Existing Flows 75 37.2 39.54 39.63 0.005294 2.34 32 17.51 0.31 0.55 0.55 2.34
Talbot Rd 472.1168 Q5 Pre‐project Future Flows 92 37.2 39.9 39.99 0.004635 2.4 38.29 18.25 0.29 0.56 0.55 2.7
Talbot Rd 472.1168 Q5 Post‐project Existing Flows 75 36.75 38.75 38.93 0.01558 3.4 22.03 15.85 0.51 1.27 1.27 2
Talbot Rd 472.1168 Q5 Post‐project Future Flows 92 36.75 38.99 39.19 0.014299 3.54 25.98 16.36 0.5 1.32 1.32 2.24
Talbot Rd 472.1168 Q10 Pre‐project Existing Flows 95 37.2 39.98 40.07 0.004372 2.39 39.84 18.43 0.28 0.54 0.53 2.78
Talbot Rd 472.1168 Q10 Pre‐project Future Flows 112 37.2 40.16 40.27 0.004724 2.59 43.26 18.82 0.3 0.63 0.61 2.96
Talbot Rd 472.1168 Q10 Post‐project Existing Flows 95 36.75 39.03 39.23 0.014103 3.56 26.67 16.45 0.49 1.32 1.32 2.28
Talbot Rd 472.1168 Q10 Post‐project Future Flows 112 36.75 39.26 39.47 0.01319 3.68 30.47 16.92 0.48 1.36 1.36 2.51
Talbot Rd 472.1168 Q100 Pre‐project Existing Flows 203 37.2 40.93 41.12 0.006179 3.52 58.37 20.66 0.36 1.06 0.96 3.73
Talbot Rd 472.1168 Q100 Pre‐project Future Flows 225 37.2 41.11 41.32 0.006267 3.68 62.1 21.06 0.36 1.13 1.02 3.91
Talbot Rd 472.1168 Q100 Post‐project Existing Flows 203 36.75 40.31 40.58 0.010158 4.11 49.47 19.13 0.44 1.51 1.46 3.56
Talbot Rd 472.1168 Q100 Post‐project Future Flows 225 36.75 40.54 40.81 0.009736 4.21 53.75 19.54 0.44 1.55 1.48 3.79

Talbot Rd 446.9875 72% of Q2 Pre‐project Existing Flows 35 36.28 37.5 37.5 37.91 0.078109 5.17 6.77 8.37 1.01 3.55 3.55 1.22
Talbot Rd 446.9875 72% of Q2 Pre‐project Future Flows 45 36.28 37.65 37.65 38.13 0.075872 5.59 8.06 8.5 1.01 3.96 3.96 1.37
Talbot Rd 446.9875 72% of Q2 Post‐project Existing Flows 35 35.5 36.87 36.87 37.31 0.073517 5.35 6.54 7.43 1 3.68 3.68 1.37
Talbot Rd 446.9875 72% of Q2 Post‐project Future Flows 45 35.5 37.04 37.04 37.55 0.071833 5.74 7.84 7.75 1.01 4.07 4.07 1.54
Talbot Rd 446.9875 Q2 Pre‐project Existing Flows 49 36.28 37.71 37.71 38.22 0.075139 5.73 8.55 8.55 1.01 4.1 4.1 1.43
Talbot Rd 446.9875 Q2 Pre‐project Future Flows 63 36.28 37.9 37.9 38.49 0.072645 6.17 10.21 8.72 1 4.54 4.54 1.62
Talbot Rd 446.9875 Q2 Post‐project Existing Flows 49 35.5 37.1 37.1 37.64 0.071199 5.88 8.34 7.85 1.01 4.2 4.2 1.6
Talbot Rd 446.9875 Q2 Post‐project Future Flows 63 35.5 37.31 37.31 37.93 0.070218 6.32 9.97 8.19 1.01 4.67 4.67 1.81
Talbot Rd 446.9875 Q5 Pre‐project Existing Flows 75 36.28 39.31 39.46 0.007733 3.2 24.97 14.37 0.36 0.97 0.69 3.03
Talbot Rd 446.9875 Q5 Pre‐project Future Flows 92 36.28 39.67 39.84 0.007113 3.36 30.54 16.41 0.35 1.02 0.69 3.39
Talbot Rd 446.9875 Q5 Post‐project Existing Flows 75 35.5 37.46 37.46 38.15 0.069759 6.66 11.26 8.34 1.01 5.05 5.05 1.96
Talbot Rd 446.9875 Q5 Post‐project Future Flows 92 35.5 37.67 37.67 38.45 0.069167 7.08 12.99 8.52 1.01 5.52 5.52 2.17
Talbot Rd 446.9875 Q10 Pre‐project Existing Flows 95 36.28 39.76 39.93 0.006689 3.33 32.12 16.47 0.34 0.99 0.67 3.48
Talbot Rd 446.9875 Q10 Pre‐project Future Flows 112 36.28 39.91 40.11 0.007737 3.69 34.52 16.56 0.37 1.2 0.82 3.63
Talbot Rd 446.9875 Q10 Post‐project Existing Flows 95 35.5 37.7 37.7 38.5 0.069061 7.15 13.29 8.55 1.01 5.59 5.59 2.2
Talbot Rd 446.9875 Q10 Post‐project Future Flows 112 35.5 37.9 37.9 38.77 0.068601 7.5 14.94 8.72 1.01 6 6 2.4
Talbot Rd 446.9875 Q100 Pre‐project Existing Flows 203 36.28 40.45 40.88 0.013768 5.49 43.54 16.81 0.51 2.51 1.75 4.17
Talbot Rd 446.9875 Q100 Pre‐project Future Flows 225 36.28 40.58 41.06 0.014723 5.81 45.82 16.85 0.53 2.79 1.94 4.3
Talbot Rd 446.9875 Q100 Post‐project Existing Flows 203 35.5 38.92 38.76 40 0.052133 8.35 24.6 12.24 0.91 6.59 5.2 3.42
Talbot Rd 446.9875 Q100 Post‐project Future Flows 225 35.5 39.12 39 40.25 0.049843 8.57 27.12 13.33 0.9 6.78 5.07 3.62

Talbot Rd 425.5955 72% of Q2 Pre‐project Existing Flows 35 34.79 36.91 37.01 0.008651 2.51 13.93 9.41 0.36 0.69 0.69 2.12
Talbot Rd 425.5955 72% of Q2 Pre‐project Future Flows 45 34.79 37.16 37.28 0.008988 2.75 16.37 9.73 0.37 0.8 0.8 2.37
Talbot Rd 425.5955 72% of Q2 Post‐project Existing Flows 35 34.3 36.02 36.21 0.021928 3.54 9.88 8.11 0.57 1.46 1.46 1.72
Talbot Rd 425.5955 72% of Q2 Post‐project Future Flows 45 34.3 36.28 36.49 0.020597 3.73 12.07 8.6 0.55 1.56 1.56 1.98
Talbot Rd 425.5955 Q2 Pre‐project Existing Flows 49 34.79 37.26 37.38 0.009128 2.84 17.28 9.85 0.38 0.84 0.84 2.47
Talbot Rd 425.5955 Q2 Pre‐project Future Flows 63 34.79 37.85 37.96 0.006461 2.7 23.34 10.61 0.32 0.72 0.72 3.06
Talbot Rd 425.5955 Q2 Post‐project Existing Flows 49 34.3 36.37 36.6 0.020134 3.8 12.91 8.73 0.55 1.59 1.59 2.07
Talbot Rd 425.5955 Q2 Post‐project Future Flows 63 34.3 36.69 36.94 0.018957 4 15.73 9.13 0.54 1.7 1.7 2.39
Talbot Rd 425.5955 Q5 Pre‐project Existing Flows 75 34.79 39.31 39.36 0.001873 1.87 41.41 15.23 0.18 0.3 0.25 4.52

3





Total Flow
Minimum 
Channel 
Elevation

Water 
Surface 
Elevation

Critical 
Water 
Surface

Energy 
Grade 

Elevation

Energy 
Grade Slope

Velocity 
Channel

Flow Area Top Width
Shear Stress 
in Channel

Shear Stress 
in Total 
Section

Maximum 
Channel Depth

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft) (lb/sq ft) (lb/sq ft) (ft)

Reach River Station  Profile Plan
Froude 
Number 
Channel

Talbot Rd 425.5955 Q5 Pre‐project Future Flows 92 34.79 39.67 39.73 0.001983 2.06 47.26 17.09 0.19 0.36 0.28 4.88
Talbot Rd 425.5955 Q5 Post‐project Existing Flows 75 34.3 36.94 37.21 0.01831 4.16 18.03 9.45 0.53 1.78 1.78 2.64
Talbot Rd 425.5955 Q5 Post‐project Future Flows 92 34.3 37.26 37.55 0.017715 4.36 21.12 9.86 0.52 1.89 1.89 2.96
Talbot Rd 425.5955 Q10 Pre‐project Existing Flows 95 34.79 39.76 39.83 0.001933 2.07 48.9 17.3 0.18 0.36 0.28 4.97
Talbot Rd 425.5955 Q10 Pre‐project Future Flows 112 34.79 39.91 39.99 0.002353 2.34 51.44 17.66 0.21 0.45 0.35 5.12
Talbot Rd 425.5955 Q10 Post‐project Existing Flows 95 34.3 37.31 37.61 0.017642 4.39 21.65 9.92 0.52 1.91 1.91 3.01
Talbot Rd 425.5955 Q10 Post‐project Future Flows 112 34.3 37.6 37.92 0.017327 4.56 24.55 10.29 0.52 2.02 2.02 3.3
Talbot Rd 425.5955 Q100 Pre‐project Existing Flows 203 34.79 40.45 40.65 0.0049 3.67 61.51 19.83 0.3 1.06 0.77 5.66
Talbot Rd 425.5955 Q100 Pre‐project Future Flows 225 34.79 40.58 40.81 0.005401 3.93 64.24 20.38 0.32 1.21 0.87 5.79
Talbot Rd 425.5955 Q100 Post‐project Existing Flows 203 34.3 38.76 39.22 0.017203 5.44 37.62 12.71 0.53 2.62 2.41 4.46
Talbot Rd 425.5955 Q100 Post‐project Future Flows 225 34.3 38.98 39.47 0.017409 5.65 40.45 13.76 0.53 2.79 2.45 4.68

Talbot Rd 400.8312 72% of Q2 Pre‐project Existing Flows 35 34.78 36.29 36.59 0.039518 4.38 7.99 7.22 0.73 2.34 2.34 1.51
Talbot Rd 400.8312 72% of Q2 Pre‐project Future Flows 45 34.78 36.52 36.86 0.037808 4.63 9.71 7.73 0.73 2.51 2.51 1.74
Talbot Rd 400.8312 72% of Q2 Post‐project Existing Flows 35 32.75 35.18 35.49 0.038744 4.53 7.73 5.84 0.69 2.44 2.44 2.43
Talbot Rd 400.8312 72% of Q2 Post‐project Future Flows 45 32.75 35.46 35.81 0.036973 4.76 9.46 6.3 0.68 2.6 2.6 2.71
Talbot Rd 400.8312 Q2 Pre‐project Existing Flows 49 34.78 36.61 36.95 0.037559 4.73 10.35 7.9 0.73 2.59 2.59 1.83
Talbot Rd 400.8312 Q2 Pre‐project Future Flows 63 34.78 37.59 37.76 0.01008 3.33 19.27 10.89 0.4 1.1 0.92 2.81
Talbot Rd 400.8312 Q2 Post‐project Existing Flows 49 32.75 35.57 35.93 0.036381 4.84 10.13 6.47 0.68 2.65 2.65 2.82
Talbot Rd 400.8312 Q2 Post‐project Future Flows 63 32.75 35.9 36.3 0.034988 5.09 12.38 7.02 0.68 2.84 2.84 3.15
Talbot Rd 400.8312 Q5 Pre‐project Existing Flows 75 34.78 39.27 39.32 0.001456 1.87 53.6 26.58 0.17 0.29 0.16 4.49
Talbot Rd 400.8312 Q5 Pre‐project Future Flows 92 34.78 39.63 39.69 0.001473 2 63.61 28.49 0.17 0.32 0.18 4.85
Talbot Rd 400.8312 Q5 Post‐project Existing Flows 75 32.75 36.15 36.58 0.034239 5.28 14.21 7.43 0.67 2.98 2.98 3.4
Talbot Rd 400.8312 Q5 Post‐project Future Flows 92 32.75 36.47 36.95 0.03349 5.51 16.68 7.95 0.67 3.16 3.16 3.72
Talbot Rd 400.8312 Q10 Pre‐project Existing Flows 95 34.78 39.73 39.78 0.001419 1.99 66.42 29 0.17 0.31 0.18 4.95
Talbot Rd 400.8312 Q10 Pre‐project Future Flows 112 34.78 39.87 39.93 0.001711 2.24 70.53 29.69 0.19 0.39 0.22 5.09
Talbot Rd 400.8312 Q10 Post‐project Existing Flows 95 32.75 36.53 37.01 0.03337 5.55 17.11 8.03 0.67 3.19 3.19 3.78
Talbot Rd 400.8312 Q10 Post‐project Future Flows 112 32.75 36.81 37.33 0.032828 5.75 19.47 8.48 0.67 3.35 3.35 4.06
Talbot Rd 400.8312 Q100 Pre‐project Existing Flows 203 34.78 40.38 40.52 0.003456 3.42 86.39 32.2 0.27 0.88 0.51 5.6
Talbot Rd 400.8312 Q100 Pre‐project Future Flows 225 34.78 40.52 40.68 0.003769 3.64 90.75 32.85 0.29 0.98 0.58 5.74
Talbot Rd 400.8312 Q100 Post‐project Existing Flows 203 32.75 37.93 37.14 38.65 0.029005 6.85 31.15 15.81 0.66 4.23 2.79 5.18
Talbot Rd 400.8312 Q100 Post‐project Future Flows 225 32.75 38.15 37.34 38.9 0.028019 7.04 35.02 18.92 0.66 4.36 2.59 5.4

Talbot Rd 385.3885 72% of Q2 Pre‐project Existing Flows 35 33.45 35.17 35.17 35.72 0.080938 5.95 5.88 5.45 1.01 4.42 4.42 1.72
Talbot Rd 385.3885 72% of Q2 Pre‐project Future Flows 45 33.45 35.39 35.39 36.01 0.079092 6.31 7.14 5.89 1.01 4.8 4.8 1.94
Talbot Rd 385.3885 72% of Q2 Post‐project Existing Flows 35 32 34.09 34.02 34.65 0.077778 5.98 5.85 4.56 0.93 4.41 4.41 2.09
Talbot Rd 385.3885 72% of Q2 Post‐project Future Flows 45 32 34.34 34.27 34.98 0.07918 6.41 7.02 4.92 0.95 4.92 4.92 2.34
Talbot Rd 385.3885 Q2 Pre‐project Existing Flows 49 33.45 35.47 35.47 36.12 0.078425 6.43 7.62 6.05 1.01 4.93 4.93 2.02
Talbot Rd 385.3885 Q2 Pre‐project Future Flows 63 33.45 37.52 37.62 0.005779 2.61 24.41 13.42 0.3 0.67 0.53 4.07
Talbot Rd 385.3885 Q2 Post‐project Existing Flows 49 32 34.43 34.36 35.1 0.079826 6.57 7.46 5.05 0.95 5.11 5.11 2.43
Talbot Rd 385.3885 Q2 Post‐project Future Flows 63 32 34.72 34.66 35.48 0.080381 7 9 5.47 0.96 5.64 5.64 2.72
Talbot Rd 385.3885 Q5 Pre‐project Existing Flows 75 33.45 39.27 39.29 0.000783 1.38 76.77 36.28 0.12 0.16 0.09 5.82
Talbot Rd 385.3885 Q5 Pre‐project Future Flows 92 33.45 39.64 39.66 0.000792 1.47 90.31 37.86 0.12 0.17 0.11 6.19
Talbot Rd 385.3885 Q5 Post‐project Existing Flows 75 32 34.95 34.89 35.77 0.079852 7.29 10.29 5.81 0.97 5.98 5.98 2.95
Talbot Rd 385.3885 Q5 Post‐project Future Flows 92 32 35.25 35.18 36.15 0.078628 7.62 12.08 6.24 0.97 6.36 6.36 3.25
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Talbot Rd 385.3885 Q10 Pre‐project Existing Flows 95 33.45 39.73 39.76 0.000763 1.46 94.04 38.28 0.12 0.17 0.11 6.28
Talbot Rd 385.3885 Q10 Pre‐project Future Flows 112 33.45 39.88 39.91 0.000921 1.64 99.5 38.89 0.13 0.21 0.13 6.43
Talbot Rd 385.3885 Q10 Post‐project Existing Flows 95 32 35.29 35.23 36.21 0.078455 7.67 12.38 6.31 0.97 6.42 6.42 3.29
Talbot Rd 385.3885 Q10 Post‐project Future Flows 112 32 35.56 35.49 36.54 0.077094 7.93 14.12 6.7 0.96 6.72 6.72 3.56
Talbot Rd 385.3885 Q100 Pre‐project Existing Flows 203 33.45 40.4 40.47 0.001864 2.5 120.34 41.14 0.19 0.47 0.31 6.95
Talbot Rd 385.3885 Q100 Pre‐project Future Flows 225 33.45 40.53 40.61 0.002035 2.65 125.99 41.73 0.2 0.52 0.34 7.08
Talbot Rd 385.3885 Q100 Post‐project Existing Flows 203 32 36.75 36.6 37.94 0.069556 8.77 23.14 8.63 0.94 7.62 7.62 4.75
Talbot Rd 385.3885 Q100 Post‐project Future Flows 225 32 37.01 36.83 38.22 0.066784 8.84 25.45 9.12 0.93 7.63 7.63 5.01

Talbot Rd 359.8274 72% of Q2 Pre‐project Existing Flows 35 32.61 34.34 33.81 34.53 0.020756 3.51 9.97 7.34 0.53 1.43 1.43 1.73
Talbot Rd 359.8274 72% of Q2 Pre‐project Future Flows 45 32.61 34.59 34.81 0.021018 3.79 11.86 7.67 0.54 1.61 1.61 1.98
Talbot Rd 359.8274 72% of Q2 Post‐project Existing Flows 35 30.75 32.86 32.54 33.19 0.040037 4.65 7.52 5.6 0.71 2.56 2.56 2.11
Talbot Rd 359.8274 72% of Q2 Post‐project Future Flows 45 30.75 33.12 32.76 33.51 0.039853 4.97 9.05 5.92 0.71 2.83 2.83 2.37
Talbot Rd 359.8274 Q2 Pre‐project Existing Flows 49 32.61 35.06 35.21 0.011622 3.14 15.6 8.3 0.4 1.04 1.04 2.45
Talbot Rd 359.8274 Q2 Pre‐project Future Flows 63 32.61 37.52 37.55 0.001093 1.49 56.25 34.09 0.13 0.19 0.1 4.91
Talbot Rd 359.8274 Q2 Post‐project Existing Flows 49 30.75 33.22 32.84 33.62 0.039489 5.07 9.66 6.01 0.71 2.91 2.91 2.47
Talbot Rd 359.8274 Q2 Post‐project Future Flows 63 30.75 33.55 33.1 34 0.039064 5.41 11.65 6.3 0.7 3.19 3.19 2.8
Talbot Rd 359.8274 Q5 Pre‐project Existing Flows 75 32.61 39.27 39.28 0.000255 0.91 124.83 45.06 0.07 0.06 0.04 6.66
Talbot Rd 359.8274 Q5 Pre‐project Future Flows 92 32.61 39.64 39.65 0.000283 0.99 141.75 47.66 0.07 0.07 0.05 7.03
Talbot Rd 359.8274 Q5 Post‐project Existing Flows 75 30.75 33.81 33.31 34.3 0.038504 5.61 13.36 6.65 0.7 3.36 3.36 3.06
Talbot Rd 359.8274 Q5 Post‐project Future Flows 92 30.75 34.15 33.58 34.68 0.038008 5.87 15.68 7.09 0.7 3.58 3.58 3.4
Talbot Rd 359.8274 Q10 Pre‐project Existing Flows 95 32.61 39.73 39.74 0.000278 1 146.45 48.35 0.07 0.07 0.05 7.12
Talbot Rd 359.8274 Q10 Pre‐project Future Flows 112 32.61 39.87 39.89 0.000346 1.13 153.34 49.35 0.08 0.09 0.06 7.26
Talbot Rd 359.8274 Q10 Post‐project Existing Flows 95 30.75 34.21 33.63 34.75 0.037824 5.9 16.1 7.17 0.69 3.61 3.61 3.46
Talbot Rd 359.8274 Q10 Post‐project Future Flows 112 30.75 34.51 33.87 35.09 0.037326 6.11 18.34 7.57 0.69 3.79 3.79 3.76
Talbot Rd 359.8274 Q100 Pre‐project Existing Flows 203 32.61 40.39 40.42 0.000764 1.76 179.84 52.57 0.12 0.22 0.15 7.78
Talbot Rd 359.8274 Q100 Pre‐project Future Flows 225 32.61 40.53 40.56 0.000849 1.88 187.05 53.37 0.12 0.25 0.17 7.92
Talbot Rd 359.8274 Q100 Post‐project Existing Flows 203 30.75 35.81 34.95 36.57 0.035797 6.97 29.13 8.71 0.67 4.57 4.57 5.06
Talbot Rd 359.8274 Q100 Post‐project Future Flows 225 30.75 36.09 35.16 36.88 0.035572 7.14 31.53 8.81 0.66 4.73 4.73 5.34

Talbot Rd 331.8347 72% of Q2 Pre‐project Existing Flows 35 31.87 33 33 33.48 0.078827 5.56 6.29 6.64 1.01 3.97 3.97 1.13
Talbot Rd 331.8347 72% of Q2 Pre‐project Future Flows 45 31.87 34.27 34.4 0.009739 2.9 15.54 7.96 0.37 0.88 0.88 2.4
Talbot Rd 331.8347 72% of Q2 Post‐project Existing Flows 35 29.25 30.98 30.98 31.58 0.086454 6.21 5.63 4.8 1.01 4.8 4.8 1.73
Talbot Rd 331.8347 72% of Q2 Post‐project Future Flows 45 29.25 31.21 31.21 31.9 0.085847 6.65 6.77 4.98 1.01 5.3 5.3 1.96
Talbot Rd 331.8347 Q2 Pre‐project Existing Flows 49 31.87 34.9 34.98 0.005218 2.36 20.74 8.64 0.27 0.56 0.56 3.03
Talbot Rd 331.8347 Q2 Pre‐project Future Flows 63 31.87 37.51 37.52 0.000359 1.01 100.14 51.82 0.08 0.08 0.04 5.64
Talbot Rd 331.8347 Q2 Post‐project Existing Flows 49 29.25 31.29 31.29 32.02 0.086572 6.83 7.18 5.05 1.01 5.53 5.53 2.04
Talbot Rd 331.8347 Q2 Post‐project Future Flows 63 29.25 31.57 31.57 32.4 0.086366 7.3 8.63 5.27 1.01 6.11 6.11 2.32
Talbot Rd 331.8347 Q5 Pre‐project Existing Flows 75 31.87 39.27 39.27 0.000094 0.63 199.61 62.41 0.04 0.03 0.02 7.4
Talbot Rd 331.8347 Q5 Pre‐project Future Flows 92 31.87 39.63 39.64 0.000106 0.69 222.79 64.4 0.05 0.03 0.02 7.76
Talbot Rd 331.8347 Q5 Post‐project Existing Flows 75 29.25 31.79 31.79 32.7 0.087463 7.67 9.77 5.44 1.01 6.6 6.6 2.54
Talbot Rd 331.8347 Q5 Post‐project Future Flows 92 29.25 32.08 32.08 33.09 0.087234 8.07 11.39 5.68 1 7.12 7.12 2.83
Talbot Rd 331.8347 Q10 Pre‐project Existing Flows 95 31.87 39.73 39.74 0.000105 0.7 229.12 64.83 0.05 0.03 0.02 7.86
Talbot Rd 331.8347 Q10 Pre‐project Future Flows 112 31.87 39.87 39.88 0.000131 0.79 238.31 65.45 0.05 0.04 0.03 8
Talbot Rd 331.8347 Q10 Post‐project Existing Flows 95 29.25 32.12 32.12 33.16 0.08767 8.15 11.65 5.72 1.01 7.24 7.24 2.87
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Talbot Rd 331.8347 Q10 Post‐project Future Flows 112 29.25 32.39 32.39 33.51 0.087914 8.49 13.19 5.99 1.01 7.69 7.69 3.14
Talbot Rd 331.8347 Q100 Pre‐project Existing Flows 203 31.87 40.39 40.41 0.000298 1.24 272.9 67.72 0.08 0.1 0.07 8.52
Talbot Rd 331.8347 Q100 Pre‐project Future Flows 225 31.87 40.53 40.54 0.000335 1.33 282.16 68.31 0.08 0.12 0.08 8.66
Talbot Rd 331.8347 Q100 Post‐project Existing Flows 203 29.25 33.57 33.57 35.02 0.085835 9.67 20.99 7.23 1 9.3 9.3 4.32
Talbot Rd 331.8347 Q100 Post‐project Future Flows 225 29.25 33.79 33.79 35.33 0.086681 9.94 22.63 7.46 1.01 9.72 9.72 4.54

Talbot Rd 310.2787 72% of Q2 Pre‐project Existing Flows 35 31.03 32.95 33.01 0.005054 1.99 17.62 11.57 0.28 0.43 0.43 1.92
Talbot Rd 310.2787 72% of Q2 Pre‐project Future Flows 45 31.03 34.29 34.31 0.001125 1.3 35.03 15.95 0.14 0.15 0.13 3.26
Talbot Rd 310.2787 72% of Q2 Post‐project Existing Flows 35 28 29.89 29.25 30.03 0.014132 3.02 11.6 8.04 0.44 1.03 1.03 1.89
Talbot Rd 310.2787 72% of Q2 Post‐project Future Flows 45 28 30.12 29.41 30.29 0.015158 3.34 13.46 8.18 0.46 1.23 1.23 2.12
Talbot Rd 310.2787 Q2 Pre‐project Existing Flows 49 31.03 34.91 34.93 0.000631 1.12 46.31 19.76 0.11 0.11 0.08 3.88
Talbot Rd 310.2787 Q2 Pre‐project Future Flows 63 31.03 37.51 37.52 0.000094 0.64 148.19 59.63 0.05 0.03 0.01 6.48
Talbot Rd 310.2787 Q2 Post‐project Existing Flows 49 28 30.92 29.47 31.01 0.005678 2.43 20.19 8.67 0.28 0.59 0.59 2.92
Talbot Rd 310.2787 Q2 Post‐project Future Flows 63 28 31.26 29.67 31.38 0.006381 2.71 23.27 9.06 0.3 0.72 0.72 3.26
Talbot Rd 310.2787 Q5 Pre‐project Existing Flows 75 31.03 39.27 39.27 0.000035 0.47 262.52 70.79 0.03 0.01 0.01 8.24
Talbot Rd 310.2787 Q5 Pre‐project Future Flows 92 31.03 39.63 39.64 0.000042 0.53 288.77 73.09 0.03 0.02 0.01 8.6
Talbot Rd 310.2787 Q5 Post‐project Existing Flows 75 28 31.53 29.83 31.67 0.006891 2.91 25.77 9.44 0.31 0.82 0.82 3.53
Talbot Rd 310.2787 Q5 Post‐project Future Flows 92 28 31.88 30.04 32.03 0.007504 3.16 29.11 9.98 0.33 0.94 0.94 3.88
Talbot Rd 310.2787 Q10 Pre‐project Existing Flows 95 31.03 39.73 39.74 0.000042 0.53 295.96 73.71 0.03 0.02 0.01 8.7
Talbot Rd 310.2787 Q10 Pre‐project Future Flows 112 31.03 39.87 39.88 0.000053 0.61 306.41 74.6 0.04 0.02 0.01 8.84
Talbot Rd 310.2787 Q10 Post‐project Existing Flows 95 28 31.93 30.08 32.09 0.007612 3.2 29.67 10.06 0.33 0.97 0.97 3.93
Talbot Rd 310.2787 Q10 Post‐project Future Flows 112 28 32.24 30.27 32.42 0.008105 3.41 32.81 10.54 0.34 1.08 1.08 4.24
Talbot Rd 310.2787 Q100 Pre‐project Existing Flows 203 31.03 40.39 40.4 0.000129 0.98 345.85 77.45 0.06 0.06 0.03 9.36
Talbot Rd 310.2787 Q100 Pre‐project Future Flows 225 31.03 40.53 40.54 0.000147 1.06 356.41 77.86 0.06 0.07 0.04 9.5
Talbot Rd 310.2787 Q100 Post‐project Existing Flows 203 28 32.42 31.17 32.95 0.022926 5.85 34.72 10.82 0.58 3.14 3.14 4.42
Talbot Rd 310.2787 Q100 Post‐project Future Flows 225 28 32.66 31.37 33.22 0.023173 6.02 37.38 11.2 0.58 3.29 3.29 4.66

Talbot Rd 299.3604 72% of Q2 Pre‐project Existing Flows 35 29.5 32.92 30.98 32.98 0.001912 1.97 17.72 14.29 0.2 0.33 0.33 3.42
Talbot Rd 299.3604 72% of Q2 Pre‐project Future Flows 45 29.5 34.25 31.16 34.3 0.000912 1.75 25.73 18.18 0.15 0.23 0.23 4.75
Talbot Rd 299.3604 Q2 Pre‐project Existing Flows 49 29.5 34.88 31.24 34.92 0.000687 1.66 29.49 21.14 0.13 0.2 0.2 5.38
Talbot Rd 299.3604 Q2 Pre‐project Future Flows 63 29.5 37.48 31.46 37.51 0.000275 1.4 45.1 57.88 0.09 0.12 0.12 7.98
Talbot Rd 299.3604 Q5 Pre‐project Existing Flows 75 29.5 39.26 31.65 39.27 0.00027 0.88 129.91 68.98 0.07 0.06 0.03 9.76
Talbot Rd 299.3604 Q5 Pre‐project Future Flows 92 29.5 39.62 31.9 39.63 0.00027 0.92 155.47 71.35 0.07 0.06 0.03 10.12
Talbot Rd 299.3604 Q10 Pre‐project Existing Flows 95 29.5 39.72 31.94 39.73 0.00026 0.92 162.52 71.99 0.07 0.06 0.03 10.22
Talbot Rd 299.3604 Q10 Pre‐project Future Flows 112 29.5 39.86 32.17 39.87 0.000313 1.02 172.56 72.89 0.08 0.08 0.04 10.36
Talbot Rd 299.3604 Q100 Pre‐project Existing Flows 203 29.5 40.36 33.24 40.39 0.000632 1.55 210.1 76.17 0.11 0.17 0.1 10.86
Talbot Rd 299.3604 Q100 Pre‐project Future Flows 225 29.5 40.5 33.47 40.53 0.000689 1.64 220.29 77.04 0.12 0.19 0.11 11

Talbot Rd 266.0049 Culvert

Talbot Rd 221.6025 72% of Q2 Pre‐project Existing Flows 35 22.91 25.47 25.51 0.001372 1.52 23.03 18.38 0.18 0.18 0.18 2.56
Talbot Rd 221.6025 72% of Q2 Pre‐project Future Flows 45 22.91 25.63 25.68 0.0018 1.82 24.68 18.7 0.21 0.26 0.26 2.72
Talbot Rd 221.6025 72% of Q2 Post‐project Existing Flows 35 25 25.73 25.73 25.98 0.070147 3.95 8.87 18.81 1.01 2.04 2.04 0.73
Talbot Rd 221.6025 72% of Q2 Post‐project Future Flows 45 25 25.83 25.83 26.11 0.065379 4.25 10.59 19.01 1 2.24 2.24 0.83
Talbot Rd 221.6025 Q2 Pre‐project Existing Flows 49 22.91 25.69 25.75 0.001949 1.93 25.36 18.83 0.22 0.29 0.29 2.78
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Talbot Rd 221.6025 Q2 Pre‐project Future Flows 63 22.91 25.91 25.99 0.0024 2.27 27.7 19.27 0.25 0.38 0.38 3
Talbot Rd 221.6025 Q2 Post‐project Existing Flows 49 25 25.86 25.86 26.16 0.064259 4.36 11.23 19.08 1 2.33 2.33 0.86
Talbot Rd 221.6025 Q2 Post‐project Future Flows 63 25 25.97 25.97 26.32 0.061197 4.72 13.34 19.31 1 2.59 2.59 0.97
Talbot Rd 221.6025 Q5 Pre‐project Existing Flows 75 22.91 26.09 26.19 0.002713 2.53 29.65 19.63 0.27 0.47 0.47 3.18
Talbot Rd 221.6025 Q5 Pre‐project Future Flows 92 22.91 26.34 26.47 0.003071 2.85 32.29 20.13 0.29 0.57 0.57 3.43
Talbot Rd 221.6025 Q5 Post‐project Existing Flows 75 25 26.06 26.06 26.44 0.059289 4.99 15.03 19.5 1 2.79 2.79 1.06
Talbot Rd 221.6025 Q5 Post‐project Future Flows 92 25 26.21 26.17 26.61 0.050403 5.11 18 19.82 0.95 2.77 2.77 1.21
Talbot Rd 221.6025 Q10 Pre‐project Existing Flows 95 22.91 26.38 26.51 0.003128 2.9 32.74 20.21 0.29 0.59 0.59 3.47
Talbot Rd 221.6025 Q10 Pre‐project Future Flows 112 22.91 26.61 26.77 0.003429 3.19 35.15 20.66 0.31 0.7 0.7 3.7
Talbot Rd 221.6025 Q10 Post‐project Existing Flows 95 25 26.26 26.19 26.65 0.044954 4.99 19.05 19.94 0.9 2.6 2.6 1.26
Talbot Rd 221.6025 Q10 Post‐project Future Flows 112 25 26.53 26.85 0.028462 4.57 24.48 20.51 0.74 2.04 2.04 1.53
Talbot Rd 221.6025 Q100 Pre‐project Existing Flows 203 22.91 27.6 27.91 0.004668 4.43 45.79 22.62 0.38 1.24 1.24 4.69
Talbot Rd 221.6025 Q100 Pre‐project Future Flows 225 22.91 27.81 28.16 0.004888 4.68 48.04 23.03 0.39 1.36 1.36 4.9
Talbot Rd 221.6025 Q100 Post‐project Existing Flows 203 25 27.64 27.92 0.011477 4.18 48.61 22.72 0.5 1.41 1.41 2.64
Talbot Rd 221.6025 Q100 Post‐project Future Flows 225 25 27.88 28.15 0.010303 4.17 54 23.17 0.48 1.37 1.37 2.88

Talbot Rd 218.0718 72% of Q2 Pre‐project Existing Flows 35 23.43 25.48 25.5 0.001553 1.28 27.36 20.21 0.18 0.15 0.15 2.05
Talbot Rd 218.0718 72% of Q2 Pre‐project Future Flows 45 23.43 25.63 25.67 0.001842 1.49 30.22 20.5 0.2 0.19 0.19 2.2
Talbot Rd 218.0718 72% of Q2 Post‐project Existing Flows 35 24.61 25.51 25.6 0.017464 2.52 13.92 20.26 0.53 0.73 0.73 0.9
Talbot Rd 218.0718 72% of Q2 Post‐project Future Flows 45 24.61 25.63 25.75 0.016805 2.73 16.48 20.49 0.54 0.82 0.82 1.02
Talbot Rd 218.0718 Q2 Pre‐project Existing Flows 49 23.43 25.7 25.74 0.001922 1.56 31.41 20.62 0.21 0.21 0.21 2.27
Talbot Rd 218.0718 Q2 Pre‐project Future Flows 63 23.43 25.92 25.97 0.002112 1.77 35.5 21.03 0.22 0.26 0.26 2.49
Talbot Rd 218.0718 Q2 Post‐project Existing Flows 49 24.61 25.69 25.81 0.016158 2.78 17.6 20.6 0.53 0.84 0.84 1.08
Talbot Rd 218.0718 Q2 Post‐project Future Flows 63 24.61 25.89 26.02 0.013462 2.88 21.85 20.97 0.5 0.84 0.84 1.28
Talbot Rd 218.0718 Q5 Pre‐project Existing Flows 75 23.43 26.11 26.17 0.002202 1.93 38.92 21.37 0.23 0.29 0.29 2.68
Talbot Rd 218.0718 Q5 Pre‐project Future Flows 92 23.43 26.37 26.44 0.002271 2.11 43.59 21.84 0.24 0.34 0.34 2.94
Talbot Rd 218.0718 Q5 Post‐project Existing Flows 75 24.61 26.07 26.2 0.011476 2.92 25.69 21.3 0.47 0.83 0.83 1.46
Talbot Rd 218.0718 Q5 Post‐project Future Flows 92 24.61 26.33 26.46 0.009434 2.95 31.19 21.76 0.43 0.8 0.8 1.72
Talbot Rd 218.0718 Q10 Pre‐project Existing Flows 95 23.43 26.41 26.49 0.002281 2.14 44.38 21.92 0.24 0.35 0.35 2.98
Talbot Rd 218.0718 Q10 Pre‐project Future Flows 112 23.43 26.65 26.73 0.002331 2.3 48.67 22.35 0.25 0.39 0.39 3.22
Talbot Rd 218.0718 Q10 Post‐project Existing Flows 95 24.61 26.37 26.51 0.009164 2.96 32.14 21.84 0.43 0.8 0.8 1.76
Talbot Rd 218.0718 Q10 Post‐project Future Flows 112 24.61 26.61 26.75 0.007971 2.99 37.42 22.28 0.41 0.78 0.78 2
Talbot Rd 218.0718 Q100 Pre‐project Existing Flows 203 23.43 27.71 27.85 0.002533 2.99 67.83 24.27 0.27 0.59 0.59 4.28
Talbot Rd 218.0718 Q100 Pre‐project Future Flows 225 23.43 27.93 28.09 0.00256 3.13 71.92 24.68 0.28 0.63 0.63 4.5
Talbot Rd 218.0718 Q100 Post‐project Existing Flows 203 24.61 27.69 27.86 0.005497 3.24 62.57 24.24 0.36 0.81 0.8 3.08
Talbot Rd 218.0718 Q100 Post‐project Future Flows 225 24.61 27.92 28.09 0.005161 3.3 68.25 24.66 0.35 0.81 0.8 3.31

Talbot Rd 210.2736 72% of Q2 Pre‐project Existing Flows 35 24.57 25.28 25.45 0.040093 3.31 10.59 19.1 0.78 1.36 1.36 0.71
Talbot Rd 210.2736 72% of Q2 Pre‐project Future Flows 45 24.57 25.46 25.62 0.027266 3.22 13.96 19.45 0.67 1.19 1.19 0.89
Talbot Rd 210.2736 72% of Q2 Post‐project Existing Flows 35 24.48 25.26 25.41 0.033538 3.14 11.16 19.05 0.72 1.2 1.2 0.78
Talbot Rd 210.2736 72% of Q2 Post‐project Future Flows 45 24.48 25.45 25.59 0.022682 3.05 14.75 19.43 0.62 1.05 1.05 0.97
Talbot Rd 210.2736 Q2 Pre‐project Existing Flows 49 24.57 25.53 25.69 0.023709 3.18 15.39 19.6 0.63 1.13 1.13 0.96
Talbot Rd 210.2736 Q2 Pre‐project Future Flows 63 24.57 25.78 25.93 0.016273 3.1 20.31 20.11 0.54 0.99 0.99 1.21
Talbot Rd 210.2736 Q2 Post‐project Existing Flows 49 24.48 25.52 25.66 0.020013 3.03 16.19 19.58 0.59 1 1 1.04
Talbot Rd 210.2736 Q2 Post‐project Future Flows 63 24.48 25.77 25.91 0.01418 2.98 21.16 20.09 0.51 0.9 0.9 1.29
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Talbot Rd 210.2736 Q5 Pre‐project Existing Flows 75 24.57 25.98 26.13 0.012905 3.07 24.44 20.52 0.5 0.92 0.92 1.41
Talbot Rd 210.2736 Q5 Pre‐project Future Flows 92 24.57 26.26 26.4 0.010133 3.05 30.14 21.07 0.45 0.86 0.86 1.69
Talbot Rd 210.2736 Q5 Post‐project Existing Flows 75 24.48 25.98 26.11 0.011443 2.96 25.34 20.51 0.47 0.84 0.84 1.5
Talbot Rd 210.2736 Q5 Post‐project Future Flows 92 24.48 26.25 26.39 0.009166 2.96 31.06 21.07 0.43 0.8 0.8 1.77
Talbot Rd 210.2736 Q10 Pre‐project Existing Flows 95 24.57 26.3 26.45 0.009801 3.05 31.1 21.17 0.44 0.85 0.85 1.73
Talbot Rd 210.2736 Q10 Pre‐project Future Flows 112 24.57 26.55 26.7 0.008394 3.08 36.42 21.67 0.42 0.83 0.83 1.98
Talbot Rd 210.2736 Q10 Post‐project Existing Flows 95 24.48 26.3 26.44 0.008888 2.97 32.03 21.16 0.42 0.79 0.79 1.82
Talbot Rd 210.2736 Q10 Post‐project Future Flows 112 24.48 26.55 26.69 0.007707 3 37.37 21.67 0.4 0.78 0.78 2.07
Talbot Rd 210.2736 Q100 Pre‐project Existing Flows 203 24.57 27.65 27.82 0.005719 3.31 61.39 23.82 0.36 0.84 0.84 3.08
Talbot Rd 210.2736 Q100 Pre‐project Future Flows 225 24.57 27.88 28.06 0.005418 3.36 67.02 24.28 0.36 0.85 0.85 3.31
Talbot Rd 210.2736 Q100 Post‐project Existing Flows 203 24.48 27.65 27.81 0.005423 3.25 62.39 23.83 0.35 0.81 0.81 3.17
Talbot Rd 210.2736 Q100 Post‐project Future Flows 225 24.48 27.88 28.05 0.005159 3.31 68.03 24.28 0.35 0.82 0.82 3.4

Talbot Rd 190.7954 72% of Q2 Pre‐project Existing Flows 35 23.37 24.87 25.01 0.01413 3.03 11.55 10.11 0.5 0.92 0.92 1.5
Talbot Rd 190.7954 72% of Q2 Pre‐project Future Flows 45 23.37 25.08 25.25 0.013946 3.26 13.79 10.57 0.5 1.03 1.03 1.71
Talbot Rd 190.7954 72% of Q2 Post‐project Existing Flows 35 23.37 24.87 25.01 0.01413 3.03 11.55 10.11 0.5 0.92 0.92 1.5
Talbot Rd 190.7954 72% of Q2 Post‐project Future Flows 45 23.37 25.08 25.25 0.013946 3.26 13.79 10.57 0.5 1.03 1.03 1.71
Talbot Rd 190.7954 Q2 Pre‐project Existing Flows 49 23.37 25.17 25.34 0.013825 3.34 14.67 10.75 0.5 1.06 1.06 1.8
Talbot Rd 190.7954 Q2 Pre‐project Future Flows 63 23.37 25.44 25.64 0.013383 3.56 17.67 11.33 0.5 1.16 1.16 2.07
Talbot Rd 190.7954 Q2 Post‐project Existing Flows 49 23.37 25.17 25.34 0.013825 3.34 14.67 10.75 0.5 1.06 1.06 1.8
Talbot Rd 190.7954 Q2 Post‐project Future Flows 63 23.37 25.44 25.64 0.013383 3.56 17.67 11.33 0.5 1.16 1.16 2.07
Talbot Rd 190.7954 Q5 Pre‐project Existing Flows 75 23.37 25.65 25.87 0.013065 3.72 20.15 11.79 0.5 1.23 1.23 2.28
Talbot Rd 190.7954 Q5 Pre‐project Future Flows 92 23.37 25.94 26.17 0.012399 3.9 23.58 12.39 0.5 1.3 1.29 2.57
Talbot Rd 190.7954 Q5 Post‐project Existing Flows 75 23.37 25.65 25.87 0.013065 3.72 20.15 11.79 0.5 1.23 1.23 2.28
Talbot Rd 190.7954 Q5 Post‐project Future Flows 92 23.37 25.94 26.17 0.012399 3.9 23.58 12.39 0.5 1.3 1.29 2.57
Talbot Rd 190.7954 Q10 Pre‐project Existing Flows 95 23.37 25.98 26.22 0.012282 3.94 24.15 12.49 0.49 1.32 1.29 2.61
Talbot Rd 190.7954 Q10 Pre‐project Future Flows 112 23.37 26.23 26.49 0.011768 4.12 27.37 13.6 0.49 1.39 1.29 2.86
Talbot Rd 190.7954 Q10 Post‐project Existing Flows 95 23.37 25.98 26.22 0.012282 3.94 24.15 12.49 0.49 1.32 1.29 2.61
Talbot Rd 190.7954 Q10 Post‐project Future Flows 112 23.37 26.23 26.49 0.011768 4.12 27.37 13.6 0.49 1.39 1.29 2.86
Talbot Rd 190.7954 Q100 Pre‐project Existing Flows 203 23.37 27.28 27.65 0.009982 4.93 44.5 19.29 0.48 1.75 1.27 3.91
Talbot Rd 190.7954 Q100 Pre‐project Future Flows 225 23.37 27.51 27.9 0.009609 5.06 49.05 21.03 0.48 1.81 1.24 4.14
Talbot Rd 190.7954 Q100 Post‐project Existing Flows 203 23.37 27.28 27.65 0.009982 4.93 44.5 19.29 0.48 1.75 1.27 3.91
Talbot Rd 190.7954 Q100 Post‐project Future Flows 225 23.37 27.51 27.9 0.009609 5.06 49.05 21.03 0.48 1.81 1.24 4.14

Talbot Rd 175.5601 72% of Q2 Pre‐project Existing Flows 35 22.89 24.3 24.64 0.041829 4.69 7.46 7.45 0.83 2.33 2.33 1.41
Talbot Rd 175.5601 72% of Q2 Pre‐project Future Flows 45 22.89 24.54 24.9 0.036716 4.83 9.31 7.97 0.79 2.36 2.36 1.65
Talbot Rd 175.5601 72% of Q2 Post‐project Existing Flows 35 22.89 24.3 24.64 0.041829 4.69 7.46 7.45 0.83 2.33 2.33 1.41
Talbot Rd 175.5601 72% of Q2 Post‐project Future Flows 45 22.89 24.54 24.9 0.036716 4.83 9.31 7.97 0.79 2.36 2.36 1.65
Talbot Rd 175.5601 Q2 Pre‐project Existing Flows 49 22.89 24.63 25 0.035274 4.88 10.03 8.16 0.78 2.37 2.37 1.74
Talbot Rd 175.5601 Q2 Pre‐project Future Flows 63 22.89 24.92 25.32 0.031456 5.04 12.5 8.78 0.74 2.41 2.41 2.03
Talbot Rd 175.5601 Q2 Post‐project Existing Flows 49 22.89 24.63 25 0.035274 4.88 10.03 8.16 0.78 2.37 2.37 1.74
Talbot Rd 175.5601 Q2 Post‐project Future Flows 63 22.89 24.92 25.32 0.031456 5.04 12.5 8.78 0.74 2.41 2.41 2.03
Talbot Rd 175.5601 Q5 Pre‐project Existing Flows 75 22.89 25.15 25.56 0.029322 5.16 14.54 9.26 0.73 2.46 2.46 2.26
Talbot Rd 175.5601 Q5 Pre‐project Future Flows 92 22.89 25.46 25.89 0.026366 5.25 17.53 9.93 0.7 2.45 2.45 2.57
Talbot Rd 175.5601 Q5 Post‐project Existing Flows 75 22.89 25.15 25.56 0.029322 5.16 14.54 9.26 0.73 2.46 2.46 2.26
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Talbot Rd 175.5601 Q5 Post‐project Future Flows 92 22.89 25.46 25.89 0.026366 5.25 17.53 9.93 0.7 2.45 2.45 2.57
Talbot Rd 175.5601 Q10 Pre‐project Existing Flows 95 22.89 25.51 25.94 0.025859 5.27 18.04 10.43 0.69 2.46 2.37 2.62
Talbot Rd 175.5601 Q10 Pre‐project Future Flows 112 22.89 25.79 26.23 0.023085 5.36 21.44 14.34 0.66 2.45 1.89 2.9
Talbot Rd 175.5601 Q10 Post‐project Existing Flows 95 22.89 25.51 25.94 0.025859 5.27 18.04 10.43 0.69 2.46 2.37 2.62
Talbot Rd 175.5601 Q10 Post‐project Future Flows 112 22.89 25.79 26.23 0.023085 5.36 21.44 14.34 0.66 2.45 1.89 2.9
Talbot Rd 175.5601 Q100 Pre‐project Existing Flows 203 22.89 27.1 27.48 0.012935 5.17 48.37 26.09 0.52 2.01 1.36 4.21
Talbot Rd 175.5601 Q100 Pre‐project Future Flows 225 22.89 27.37 27.73 0.011239 5.1 56.14 31.22 0.5 1.9 1.16 4.48
Talbot Rd 175.5601 Q100 Post‐project Existing Flows 203 22.89 27.1 27.48 0.012935 5.17 48.37 26.09 0.52 2.01 1.36 4.21
Talbot Rd 175.5601 Q100 Post‐project Future Flows 225 22.89 27.37 27.73 0.011239 5.1 56.14 31.22 0.5 1.9 1.16 4.48

Talbot Rd 157.2052 72% of Q2 Pre‐project Existing Flows 35 22.18 23.85 23.37 24.08 0.02137 3.82 9.17 6.53 0.57 1.45 1.45 1.67
Talbot Rd 157.2052 72% of Q2 Pre‐project Future Flows 45 22.18 24.08 23.56 24.35 0.022869 4.21 10.69 6.75 0.59 1.7 1.7 1.9
Talbot Rd 157.2052 72% of Q2 Post‐project Existing Flows 35 22.18 23.85 23.37 24.08 0.02137 3.82 9.17 6.53 0.57 1.45 1.45 1.67
Talbot Rd 157.2052 72% of Q2 Post‐project Future Flows 45 22.18 24.08 23.56 24.35 0.022869 4.21 10.69 6.75 0.59 1.7 1.7 1.9
Talbot Rd 157.2052 Q2 Pre‐project Existing Flows 49 22.18 24.16 23.63 24.46 0.023504 4.36 11.25 6.82 0.6 1.8 1.8 1.98
Talbot Rd 157.2052 Q2 Pre‐project Future Flows 63 22.18 24.44 23.87 24.79 0.025099 4.79 13.16 7.08 0.62 2.11 2.11 2.26
Talbot Rd 157.2052 Q2 Post‐project Existing Flows 49 22.18 24.16 23.63 24.46 0.023504 4.36 11.25 6.82 0.6 1.8 1.8 1.98
Talbot Rd 157.2052 Q2 Post‐project Future Flows 63 22.18 24.44 23.87 24.79 0.025099 4.79 13.16 7.08 0.62 2.11 2.11 2.26
Talbot Rd 157.2052 Q5 Pre‐project Existing Flows 75 22.18 24.64 24.06 25.05 0.026572 5.13 14.63 7.27 0.64 2.37 2.37 2.46
Talbot Rd 157.2052 Q5 Pre‐project Future Flows 92 22.18 24.9 24.3 25.38 0.02859 5.56 16.54 7.51 0.66 2.73 2.73 2.72
Talbot Rd 157.2052 Q5 Post‐project Existing Flows 75 22.18 24.64 24.06 25.05 0.026572 5.13 14.63 7.27 0.64 2.37 2.37 2.46
Talbot Rd 157.2052 Q5 Post‐project Future Flows 92 22.18 24.9 24.3 25.38 0.02859 5.56 16.54 7.51 0.66 2.73 2.73 2.72
Talbot Rd 157.2052 Q10 Pre‐project Existing Flows 95 22.18 24.94 24.35 25.43 0.02892 5.63 16.86 7.55 0.66 2.79 2.79 2.76
Talbot Rd 157.2052 Q10 Pre‐project Future Flows 112 22.18 25.17 24.57 25.73 0.030783 6.02 18.6 13.81 0.69 3.14 3.14 2.99
Talbot Rd 157.2052 Q10 Post‐project Existing Flows 95 22.18 24.94 24.35 25.43 0.02892 5.63 16.86 7.55 0.66 2.79 2.79 2.76
Talbot Rd 157.2052 Q10 Post‐project Future Flows 112 22.18 25.17 24.57 25.73 0.030783 6.02 18.6 13.81 0.69 3.14 3.14 2.99
Talbot Rd 157.2052 Q100 Pre‐project Existing Flows 203 22.18 26.19 25.57 27.06 0.035131 7.5 27.44 27.62 0.75 4.51 4.06 4.01
Talbot Rd 157.2052 Q100 Pre‐project Future Flows 225 22.18 26.42 25.79 27.34 0.034661 7.71 29.9 30.83 0.75 4.68 4.1 4.24
Talbot Rd 157.2052 Q100 Post‐project Existing Flows 203 22.18 26.19 25.57 27.06 0.035131 7.5 27.44 27.62 0.75 4.51 4.06 4.01
Talbot Rd 157.2052 Q100 Post‐project Future Flows 225 22.18 26.42 25.79 27.34 0.034661 7.71 29.9 30.83 0.75 4.68 4.1 4.24

Talbot Rd 150.5871 Bridge

Talbot Rd 141.0004 72% of Q2 Pre‐project Existing Flows 35 21.65 23.25 23.12 23.63 0.045001 4.96 7.05 6.7 0.85 2.58 2.58 1.6
Talbot Rd 141.0004 72% of Q2 Pre‐project Future Flows 45 21.65 23.42 23.32 23.88 0.048334 5.45 8.26 7.14 0.89 3.02 3.02 1.77
Talbot Rd 141.0004 72% of Q2 Post‐project Existing Flows 35 21.65 23.25 23.12 23.63 0.045002 4.96 7.05 6.7 0.85 2.58 2.58 1.6
Talbot Rd 141.0004 72% of Q2 Post‐project Future Flows 45 21.65 23.42 23.32 23.88 0.048334 5.45 8.26 7.14 0.89 3.02 3.02 1.77
Talbot Rd 141.0004 Q2 Pre‐project Existing Flows 49 21.65 23.48 23.4 23.98 0.049816 5.64 8.69 7.3 0.91 3.2 3.2 1.83
Talbot Rd 141.0004 Q2 Pre‐project Future Flows 63 21.65 23.65 23.64 24.27 0.057371 6.34 9.93 7.71 0.99 3.96 3.96 2
Talbot Rd 141.0004 Q2 Post‐project Existing Flows 49 21.65 23.48 23.4 23.98 0.049816 5.64 8.69 7.3 0.91 3.2 3.2 1.83
Talbot Rd 141.0004 Q2 Post‐project Future Flows 63 21.65 23.65 23.64 24.27 0.057371 6.34 9.93 7.71 0.99 3.96 3.96 2
Talbot Rd 141.0004 Q5 Pre‐project Existing Flows 75 21.65 23.81 23.81 24.5 0.058392 6.68 11.22 8.13 1 4.3 4.3 2.16
Talbot Rd 141.0004 Q5 Pre‐project Future Flows 92 21.65 24.05 24.05 24.8 0.056538 6.96 13.22 22.91 1 4.54 4.54 2.4
Talbot Rd 141.0004 Q5 Post‐project Existing Flows 75 21.65 23.81 23.81 24.5 0.058392 6.68 11.22 8.13 1 4.3 4.3 2.16
Talbot Rd 141.0004 Q5 Post‐project Future Flows 92 21.65 24.05 24.05 24.8 0.056538 6.96 13.22 22.91 1 4.54 4.54 2.4
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Talbot Rd 141.0004 Q10 Pre‐project Existing Flows 95 21.65 24.08 24.08 24.85 0.056899 7.04 13.5 24.04 1 4.62 4.62 2.43
Talbot Rd 141.0004 Q10 Pre‐project Future Flows 112 21.65 24.28 24.28 25.11 0.055993 7.3 15.35 29.05 1 4.86 4.86 2.63
Talbot Rd 141.0004 Q10 Post‐project Existing Flows 95 21.65 24.08 24.08 24.85 0.056899 7.04 13.5 24.04 1 4.62 4.62 2.43
Talbot Rd 141.0004 Q10 Post‐project Future Flows 112 21.65 24.28 24.28 25.11 0.055993 7.3 15.35 29.05 1 4.86 4.86 2.63
Talbot Rd 141.0004 Q100 Pre‐project Existing Flows 203 21.65 25.16 25.16 26.23 0.050959 8.31 24.52 40 0.99 5.76 5.5 3.51
Talbot Rd 141.0004 Q100 Pre‐project Future Flows 225 21.65 25.33 25.33 26.45 0.049795 8.51 26.64 42.3 0.99 5.94 5.55 3.68
Talbot Rd 141.0004 Q100 Post‐project Existing Flows 203 21.65 25.16 25.16 26.23 0.050959 8.31 24.52 40 0.99 5.76 5.5 3.51
Talbot Rd 141.0004 Q100 Post‐project Future Flows 225 21.65 25.33 25.33 26.45 0.049795 8.51 26.64 42.3 0.99 5.94 5.55 3.68

Talbot Rd 124.8751 72% of Q2 Pre‐project Existing Flows 35 21.38 23.13 22.52 23.24 0.010283 2.69 13.03 10.93 0.43 0.71 0.71 1.75
Talbot Rd 124.8751 72% of Q2 Pre‐project Future Flows 45 21.38 23.31 22.68 23.45 0.011254 2.98 15.09 11.51 0.46 0.85 0.85 1.93
Talbot Rd 124.8751 72% of Q2 Post‐project Existing Flows 35 21.38 23.13 22.52 23.24 0.010283 2.69 13.03 10.93 0.43 0.71 0.71 1.75
Talbot Rd 124.8751 72% of Q2 Post‐project Future Flows 45 21.38 23.31 22.68 23.45 0.011254 2.98 15.09 11.51 0.46 0.85 0.85 1.93
Talbot Rd 124.8751 Q2 Pre‐project Existing Flows 49 21.38 23.38 22.73 23.53 0.011682 3.1 15.83 11.72 0.47 0.91 0.91 2
Talbot Rd 124.8751 Q2 Pre‐project Future Flows 63 21.38 23.57 22.92 23.75 0.01306 3.48 18.25 15.16 0.5 1.11 0.92 2.19
Talbot Rd 124.8751 Q2 Post‐project Existing Flows 49 21.38 23.38 22.73 23.53 0.011682 3.1 15.83 11.72 0.47 0.91 0.91 2
Talbot Rd 124.8751 Q2 Post‐project Future Flows 63 21.38 23.57 22.92 23.75 0.01306 3.48 18.25 15.16 0.5 1.11 0.92 2.19
Talbot Rd 124.8751 Q5 Pre‐project Existing Flows 75 21.38 23.7 23.07 23.92 0.014082 3.78 20.55 18.91 0.53 1.28 0.9 2.32
Talbot Rd 124.8751 Q5 Pre‐project Future Flows 92 21.38 23.87 23.25 24.13 0.015368 4.15 24.02 23.14 0.56 1.51 0.95 2.49
Talbot Rd 124.8751 Q5 Post‐project Existing Flows 75 21.38 23.7 23.07 23.92 0.014082 3.78 20.55 18.91 0.53 1.28 0.9 2.32
Talbot Rd 124.8751 Q5 Post‐project Future Flows 92 21.38 23.87 23.25 24.13 0.015368 4.15 24.02 23.14 0.56 1.51 0.95 2.49
Talbot Rd 124.8751 Q10 Pre‐project Existing Flows 95 21.38 23.89 23.29 24.16 0.015581 4.21 24.64 24.09 0.56 1.55 0.96 2.51
Talbot Rd 124.8751 Q10 Pre‐project Future Flows 112 21.38 24.03 23.45 24.34 0.016555 4.52 28.22 45.42 0.59 1.74 1.06 2.65
Talbot Rd 124.8751 Q10 Post‐project Existing Flows 95 21.38 23.89 23.29 24.16 0.015581 4.21 24.64 24.09 0.56 1.55 0.96 2.51
Talbot Rd 124.8751 Q10 Post‐project Future Flows 112 21.38 24.03 23.45 24.34 0.016555 4.52 28.22 45.42 0.59 1.74 1.06 2.65
Talbot Rd 124.8751 Q100 Pre‐project Existing Flows 203 21.38 24.73 24.27 25 0.011946 4.68 69 62.05 0.52 1.7 0.81 3.35
Talbot Rd 124.8751 Q100 Pre‐project Future Flows 225 21.38 24.78 24.4 25.08 0.013198 4.99 72.25 62.32 0.55 1.91 0.93 3.4
Talbot Rd 124.8751 Q100 Post‐project Existing Flows 203 21.38 24.73 24.27 25 0.011946 4.68 69 62.05 0.52 1.7 0.81 3.35
Talbot Rd 124.8751 Q100 Post‐project Future Flows 225 21.38 24.78 24.4 25.08 0.013198 4.99 72.25 62.32 0.55 1.91 0.93 3.4

Talbot Rd 107.9753 72% of Q2 Pre‐project Existing Flows 35 21.3 22.46 22.46 22.85 0.067676 5.02 6.97 9.07 1.01 2.91 2.89 1.16
Talbot Rd 107.9753 72% of Q2 Pre‐project Future Flows 45 21.3 22.64 22.64 23.06 0.057162 5.21 8.85 13.8 0.96 2.95 2.09 1.34
Talbot Rd 107.9753 72% of Q2 Post‐project Existing Flows 35 21.3 22.46 22.46 22.85 0.067676 5.02 6.97 9.07 1.01 2.91 2.89 1.16
Talbot Rd 107.9753 72% of Q2 Post‐project Future Flows 45 21.3 22.64 22.64 23.06 0.057162 5.21 8.85 13.8 0.96 2.95 2.09 1.34
Talbot Rd 107.9753 Q2 Pre‐project Existing Flows 49 21.3 22.7 22.7 23.13 0.053947 5.29 9.74 14.84 0.94 2.97 2.02 1.4
Talbot Rd 107.9753 Q2 Pre‐project Future Flows 63 21.3 22.89 22.89 23.35 0.04675 5.54 12.87 18.06 0.9 3.07 1.92 1.59
Talbot Rd 107.9753 Q2 Post‐project Existing Flows 49 21.3 22.7 22.7 23.13 0.053947 5.29 9.74 14.84 0.94 2.97 2.02 1.4
Talbot Rd 107.9753 Q2 Post‐project Future Flows 63 21.3 22.89 22.89 23.35 0.04675 5.54 12.87 18.06 0.9 3.07 1.92 1.59
Talbot Rd 107.9753 Q5 Pre‐project Existing Flows 75 21.3 23.03 23.03 23.51 0.043377 5.75 15.54 20.39 0.88 3.19 1.91 1.73
Talbot Rd 107.9753 Q5 Pre‐project Future Flows 92 21.3 23.2 23.2 23.71 0.040394 6.02 19.27 23.27 0.87 3.35 1.94 1.9
Talbot Rd 107.9753 Q5 Post‐project Existing Flows 75 21.3 23.03 23.03 23.51 0.043377 5.75 15.54 20.39 0.88 3.19 1.91 1.73
Talbot Rd 107.9753 Q5 Post‐project Future Flows 92 21.3 23.2 23.2 23.71 0.040394 6.02 19.27 23.27 0.87 3.35 1.94 1.9
Talbot Rd 107.9753 Q10 Pre‐project Existing Flows 95 21.3 23.23 23.23 23.75 0.039943 6.06 19.93 23.74 0.87 3.38 1.94 1.93
Talbot Rd 107.9753 Q10 Pre‐project Future Flows 112 21.3 23.37 23.37 23.92 0.0384 6.32 23.53 26.17 0.87 3.56 2 2.07
Talbot Rd 107.9753 Q10 Post‐project Existing Flows 95 21.3 23.23 23.23 23.75 0.039943 6.06 19.93 23.74 0.87 3.38 1.94 1.93
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Talbot Rd 107.9753 Q10 Post‐project Future Flows 112 21.3 23.37 23.37 23.92 0.0384 6.32 23.53 26.17 0.87 3.56 2 2.07
Talbot Rd 107.9753 Q100 Pre‐project Existing Flows 203 21.3 23.86 23.86 24.63 0.042185 7.87 38.51 41.03 0.95 5.07 2.34 2.56
Talbot Rd 107.9753 Q100 Pre‐project Future Flows 225 21.3 24.15 23.92 24.76 0.029979 7.22 55.41 62.07 0.82 4.09 1.6 2.85
Talbot Rd 107.9753 Q100 Post‐project Existing Flows 203 21.3 23.86 23.86 24.63 0.042185 7.87 38.51 41.03 0.95 5.07 2.34 2.56
Talbot Rd 107.9753 Q100 Post‐project Future Flows 225 21.3 24.15 23.92 24.76 0.029979 7.22 55.41 62.07 0.82 4.09 1.6 2.85

Talbot Rd 85.88927 72% of Q2 Pre‐project Existing Flows 35 20.48 22 22.13 0.01309 2.87 12.21 11.45 0.47 0.83 0.77 1.52
Talbot Rd 85.88927 72% of Q2 Pre‐project Future Flows 45 20.48 22.17 22.33 0.013643 3.21 14.28 13.27 0.49 1 0.82 1.69
Talbot Rd 85.88927 72% of Q2 Post‐project Existing Flows 35 20.48 22 22.13 0.01309 2.87 12.21 11.45 0.47 0.83 0.77 1.52
Talbot Rd 85.88927 72% of Q2 Post‐project Future Flows 45 20.48 22.17 22.33 0.013643 3.21 14.28 13.27 0.49 1 0.82 1.69
Talbot Rd 85.88927 Q2 Pre‐project Existing Flows 49 20.48 22.24 22.41 0.013698 3.33 15.18 13.98 0.5 1.05 0.83 1.76
Talbot Rd 85.88927 Q2 Pre‐project Future Flows 63 20.48 22.44 22.65 0.01399 3.69 18.26 16.19 0.52 1.23 0.89 1.96
Talbot Rd 85.88927 Q2 Post‐project Existing Flows 49 20.48 22.24 22.41 0.013698 3.33 15.18 13.98 0.5 1.05 0.83 1.76
Talbot Rd 85.88927 Q2 Post‐project Future Flows 63 20.48 22.44 22.65 0.01399 3.69 18.26 16.19 0.52 1.23 0.89 1.96
Talbot Rd 85.88927 Q5 Pre‐project Existing Flows 75 20.48 22.6 22.83 0.014235 3.95 20.87 17.77 0.53 1.38 0.94 2.12
Talbot Rd 85.88927 Q5 Pre‐project Future Flows 92 20.48 22.79 23.06 0.014575 4.29 24.47 19.7 0.54 1.57 1.02 2.31
Talbot Rd 85.88927 Q5 Post‐project Existing Flows 75 20.48 22.6 22.83 0.014235 3.95 20.87 17.77 0.53 1.38 0.94 2.12
Talbot Rd 85.88927 Q5 Post‐project Future Flows 92 20.48 22.79 23.06 0.014575 4.29 24.47 19.7 0.54 1.57 1.02 2.31
Talbot Rd 85.88927 Q10 Pre‐project Existing Flows 95 20.48 22.82 23.1 0.014608 4.34 25.12 20.02 0.55 1.59 1.04 2.34
Talbot Rd 85.88927 Q10 Pre‐project Future Flows 112 20.48 22.99 23.31 0.014786 4.62 28.73 21.71 0.56 1.76 1.11 2.51
Talbot Rd 85.88927 Q10 Post‐project Existing Flows 95 20.48 22.82 23.1 0.014608 4.34 25.12 20.02 0.55 1.59 1.04 2.34
Talbot Rd 85.88927 Q10 Post‐project Future Flows 112 20.48 22.99 23.31 0.014786 4.62 28.73 21.71 0.56 1.76 1.11 2.51
Talbot Rd 85.88927 Q100 Pre‐project Existing Flows 203 20.48 23.64 23.16 24.13 0.017255 5.96 46.16 35.28 0.63 2.67 1.32 3.16
Talbot Rd 85.88927 Q100 Pre‐project Future Flows 225 20.48 23.78 23.29 24.29 0.017411 6.18 51.63 52.54 0.64 2.83 1.02 3.3
Talbot Rd 85.88927 Q100 Post‐project Existing Flows 203 20.48 23.64 23.16 24.13 0.017255 5.96 46.16 35.28 0.63 2.67 1.32 3.16
Talbot Rd 85.88927 Q100 Post‐project Future Flows 225 20.48 23.78 23.29 24.29 0.017411 6.18 51.63 52.54 0.64 2.83 1.02 3.3

Talbot Rd 59.72958 72% of Q2 Pre‐project Existing Flows 35 20.08 21.47 21.65 0.025858 3.48 10.06 11.35 0.65 1.32 1.32 1.39
Talbot Rd 59.72958 72% of Q2 Pre‐project Future Flows 45 20.08 21.66 21.86 0.02419 3.66 12.29 12.13 0.64 1.4 1.4 1.58
Talbot Rd 59.72958 72% of Q2 Post‐project Existing Flows 35 20.08 21.47 21.65 0.025839 3.48 10.07 11.35 0.65 1.32 1.32 1.39
Talbot Rd 59.72958 72% of Q2 Post‐project Future Flows 45 20.08 21.66 21.86 0.02419 3.66 12.29 12.13 0.64 1.4 1.4 1.58
Talbot Rd 59.72958 Q2 Pre‐project Existing Flows 49 20.08 21.73 21.94 0.023627 3.72 13.16 12.43 0.64 1.43 1.43 1.65
Talbot Rd 59.72958 Q2 Pre‐project Future Flows 63 20.08 21.95 22.19 0.022158 3.91 16.1 13.37 0.63 1.51 1.51 1.87
Talbot Rd 59.72958 Q2 Post‐project Existing Flows 49 20.08 21.73 21.94 0.023627 3.72 13.16 12.43 0.64 1.43 1.43 1.65
Talbot Rd 59.72958 Q2 Post‐project Future Flows 63 20.08 21.95 22.19 0.022158 3.91 16.1 13.37 0.63 1.51 1.51 1.87
Talbot Rd 59.72958 Q5 Pre‐project Existing Flows 75 20.08 22.13 22.38 0.020851 4.06 18.48 14.25 0.62 1.57 1.53 2.05
Talbot Rd 59.72958 Q5 Pre‐project Future Flows 92 20.08 22.34 22.62 0.019494 4.29 21.92 18.2 0.61 1.68 1.35 2.26
Talbot Rd 59.72958 Q5 Post‐project Existing Flows 75 20.08 22.13 22.38 0.020851 4.06 18.48 14.25 0.62 1.57 1.53 2.05
Talbot Rd 59.72958 Q5 Post‐project Future Flows 92 20.08 22.34 22.62 0.019494 4.29 21.92 18.2 0.61 1.68 1.35 2.26
Talbot Rd 59.72958 Q10 Pre‐project Existing Flows 95 20.08 22.38 22.67 0.019135 4.31 22.65 18.93 0.61 1.69 1.32 2.3
Talbot Rd 59.72958 Q10 Pre‐project Future Flows 112 20.08 22.58 22.88 0.017932 4.47 26.71 22.56 0.59 1.75 1.23 2.5
Talbot Rd 59.72958 Q10 Post‐project Existing Flows 95 20.08 22.38 22.67 0.019135 4.31 22.65 18.93 0.61 1.69 1.32 2.3
Talbot Rd 59.72958 Q10 Post‐project Future Flows 112 20.08 22.58 22.88 0.017932 4.47 26.71 22.56 0.59 1.75 1.23 2.5
Talbot Rd 59.72958 Q100 Pre‐project Existing Flows 203 20.08 22.95 22.81 23.56 0.028289 6.4 38.64 39.62 0.77 3.36 1.65 2.87
Talbot Rd 59.72958 Q100 Pre‐project Future Flows 225 20.08 23.03 22.96 23.7 0.03036 6.78 41.64 42.87 0.8 3.73 1.77 2.95
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Talbot Rd 59.72958 Q100 Post‐project Existing Flows 203 20.08 22.95 22.81 23.56 0.028289 6.4 38.64 39.62 0.77 3.36 1.65 2.87
Talbot Rd 59.72958 Q100 Post‐project Future Flows 225 20.08 23.03 22.96 23.7 0.03036 6.78 41.64 42.87 0.8 3.73 1.77 2.95

Talbot Rd 33.81849 72% of Q2 Pre‐project Existing Flows 35 19.47 20.84 21.03 0.022198 3.51 9.98 10.04 0.62 1.28 1.28 1.37
Talbot Rd 33.81849 72% of Q2 Pre‐project Future Flows 45 19.47 20.99 21.23 0.024744 3.92 11.47 10.52 0.66 1.56 1.56 1.52
Talbot Rd 33.81849 72% of Q2 Post‐project Existing Flows 35 19.47 20.84 21.03 0.02227 3.51 9.97 10.03 0.62 1.29 1.29 1.37
Talbot Rd 33.81849 72% of Q2 Post‐project Future Flows 45 19.47 20.99 21.23 0.024744 3.92 11.47 10.52 0.66 1.56 1.56 1.52
Talbot Rd 33.81849 Q2 Pre‐project Existing Flows 49 19.47 21.03 21.29 0.026087 4.1 11.95 10.67 0.68 1.69 1.69 1.56
Talbot Rd 33.81849 Q2 Pre‐project Future Flows 63 19.47 21.17 21.51 0.030754 4.67 13.48 11.14 0.75 2.14 2.14 1.7
Talbot Rd 33.81849 Q2 Post‐project Existing Flows 49 19.47 21.03 21.29 0.026087 4.1 11.95 10.67 0.68 1.69 1.69 1.56
Talbot Rd 33.81849 Q2 Post‐project Future Flows 63 19.47 21.17 21.51 0.030754 4.67 13.48 11.14 0.75 2.14 2.14 1.7
Talbot Rd 33.81849 Q5 Pre‐project Existing Flows 75 19.47 21.27 21.68 0.034751 5.13 14.61 11.48 0.8 2.54 2.54 1.8
Talbot Rd 33.81849 Q5 Pre‐project Future Flows 92 19.47 21.4 21.25 21.91 0.03995 5.72 16.09 11.9 0.87 3.1 3.1 1.93
Talbot Rd 33.81849 Q5 Post‐project Existing Flows 75 19.47 21.27 21.68 0.034751 5.13 14.61 11.48 0.8 2.54 2.54 1.8
Talbot Rd 33.81849 Q5 Post‐project Future Flows 92 19.47 21.4 21.25 21.91 0.03995 5.72 16.09 11.9 0.87 3.1 3.1 1.93
Talbot Rd 33.81849 Q10 Pre‐project Existing Flows 95 19.47 21.42 21.28 21.95 0.040754 5.81 16.35 11.97 0.88 3.19 3.19 1.95
Talbot Rd 33.81849 Q10 Pre‐project Future Flows 112 19.47 21.53 21.45 22.15 0.045003 6.34 17.78 15.94 0.93 3.73 2.93 2.06
Talbot Rd 33.81849 Q10 Post‐project Existing Flows 95 19.47 21.42 21.28 21.95 0.040754 5.81 16.35 11.97 0.88 3.19 3.19 1.95
Talbot Rd 33.81849 Q10 Post‐project Future Flows 112 19.47 21.53 21.45 22.15 0.045003 6.34 17.78 15.94 0.93 3.73 2.93 2.06
Talbot Rd 33.81849 Q100 Pre‐project Existing Flows 203 19.47 22.32 22.32 22.85 0.02561 6.27 45.9 53.19 0.75 3.18 1.35 2.85
Talbot Rd 33.81849 Q100 Pre‐project Future Flows 225 19.47 22.43 22.43 22.95 0.024753 6.36 52.06 60.17 0.74 3.23 1.31 2.96
Talbot Rd 33.81849 Q100 Post‐project Existing Flows 203 19.47 22.32 22.32 22.85 0.02561 6.27 45.9 53.19 0.75 3.18 1.35 2.85
Talbot Rd 33.81849 Q100 Post‐project Future Flows 225 19.47 22.43 22.43 22.95 0.024753 6.36 52.06 60.17 0.74 3.23 1.31 2.96

Talbot Rd 21.41745 72% of Q2 Pre‐project Existing Flows 35 19.68 20.35 20.33 20.6 0.058495 4.05 8.64 15.21 0.95 2.03 2.03 0.67
Talbot Rd 21.41745 72% of Q2 Pre‐project Future Flows 45 19.68 20.43 20.43 20.75 0.063637 4.55 9.88 15.54 1.01 2.47 2.47 0.75
Talbot Rd 21.41745 72% of Q2 Post‐project Existing Flows 35 19.68 20.35 20.33 20.6 0.057946 4.04 8.66 15.22 0.94 2.02 2.02 0.67
Talbot Rd 21.41745 72% of Q2 Post‐project Future Flows 45 19.68 20.43 20.43 20.75 0.063637 4.55 9.88 15.54 1.01 2.47 2.47 0.75
Talbot Rd 21.41745 Q2 Pre‐project Existing Flows 49 19.68 20.47 20.47 20.81 0.062694 4.67 10.5 15.7 1.01 2.56 2.56 0.79
Talbot Rd 21.41745 Q2 Pre‐project Future Flows 63 19.68 20.6 20.6 20.99 0.05978 5.01 12.56 16.25 1 2.81 2.81 0.92
Talbot Rd 21.41745 Q2 Post‐project Existing Flows 49 19.68 20.47 20.47 20.81 0.062694 4.67 10.5 15.7 1.01 2.56 2.56 0.79
Talbot Rd 21.41745 Q2 Post‐project Future Flows 63 19.68 20.6 20.6 20.99 0.05978 5.01 12.56 16.25 1 2.81 2.81 0.92
Talbot Rd 21.41745 Q5 Pre‐project Existing Flows 75 19.68 20.7 20.7 21.13 0.058193 5.27 14.23 16.7 1.01 3.01 3.01 1.02
Talbot Rd 21.41745 Q5 Pre‐project Future Flows 92 19.68 20.83 20.83 21.32 0.05623 5.58 16.49 17.3 1.01 3.25 3.25 1.15
Talbot Rd 21.41745 Q5 Post‐project Existing Flows 75 19.68 20.7 20.7 21.13 0.058193 5.27 14.23 16.7 1.01 3.01 3.01 1.02
Talbot Rd 21.41745 Q5 Post‐project Future Flows 92 19.68 20.83 20.83 21.32 0.05623 5.58 16.49 17.3 1.01 3.25 3.25 1.15
Talbot Rd 21.41745 Q10 Pre‐project Existing Flows 95 19.68 20.86 20.86 21.35 0.05593 5.63 16.88 17.4 1.01 3.29 3.29 1.18
Talbot Rd 21.41745 Q10 Pre‐project Future Flows 112 19.68 20.98 20.98 21.51 0.054412 5.88 19.04 17.94 1.01 3.49 3.49 1.3
Talbot Rd 21.41745 Q10 Post‐project Existing Flows 95 19.68 20.86 20.86 21.35 0.05593 5.63 16.88 17.4 1.01 3.29 3.29 1.18
Talbot Rd 21.41745 Q10 Post‐project Future Flows 112 19.68 20.98 20.98 21.51 0.054412 5.88 19.04 17.94 1.01 3.49 3.49 1.3
Talbot Rd 21.41745 Q100 Pre‐project Existing Flows 203 19.68 21.56 21.56 22.24 0.042419 6.66 32.6 31.58 0.94 3.95 2.67 1.88
Talbot Rd 21.41745 Q100 Pre‐project Future Flows 225 19.68 21.71 21.71 22.38 0.037582 6.66 37.61 36.69 0.9 3.83 2.35 2.03
Talbot Rd 21.41745 Q100 Post‐project Existing Flows 203 19.68 21.56 21.56 22.24 0.042419 6.66 32.6 31.58 0.94 3.95 2.67 1.88
Talbot Rd 21.41745 Q100 Post‐project Future Flows 225 19.68 21.71 21.71 22.38 0.037582 6.66 37.61 36.69 0.9 3.83 2.35 2.03
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Reach River Station  Profile Plan
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Channel

Talbot Rd 10.15629 72% of Q2 Pre‐project Existing Flows 35 19.45 20.06 19.92 20.14 0.025112 2.36 14.84 31.56 0.61 0.73 0.73 0.61
Talbot Rd 10.15629 72% of Q2 Pre‐project Future Flows 45 19.45 20.13 19.98 20.24 0.025101 2.6 17.32 31.83 0.62 0.84 0.84 0.68
Talbot Rd 10.15629 72% of Q2 Post‐project Existing Flows 35 19.45 20.06 19.92 20.14 0.025112 2.36 14.84 31.56 0.61 0.73 0.73 0.61
Talbot Rd 10.15629 72% of Q2 Post‐project Future Flows 45 19.45 20.13 19.98 20.24 0.025101 2.6 17.32 31.83 0.62 0.84 0.84 0.68
Talbot Rd 10.15629 Q2 Pre‐project Existing Flows 49 19.45 20.16 20 20.28 0.025114 2.68 18.25 31.93 0.63 0.89 0.89 0.71
Talbot Rd 10.15629 Q2 Pre‐project Future Flows 63 19.45 20.26 20.08 20.4 0.025105 2.95 21.33 32.26 0.64 1.02 1.02 0.81
Talbot Rd 10.15629 Q2 Post‐project Existing Flows 49 19.45 20.16 20 20.28 0.025114 2.68 18.25 31.93 0.63 0.89 0.89 0.71
Talbot Rd 10.15629 Q2 Post‐project Future Flows 63 19.45 20.26 20.08 20.4 0.025105 2.95 21.33 32.26 0.64 1.02 1.02 0.81
Talbot Rd 10.15629 Q5 Pre‐project Existing Flows 75 19.45 20.34 20.14 20.49 0.025102 3.16 23.77 32.53 0.65 1.13 1.13 0.89
Talbot Rd 10.15629 Q5 Pre‐project Future Flows 92 19.45 20.43 20.23 20.61 0.025125 3.41 26.99 32.87 0.66 1.27 1.27 0.98
Talbot Rd 10.15629 Q5 Post‐project Existing Flows 75 19.45 20.34 20.14 20.49 0.025102 3.16 23.77 32.53 0.65 1.13 1.13 0.89
Talbot Rd 10.15629 Q5 Post‐project Future Flows 92 19.45 20.43 20.23 20.61 0.025125 3.41 26.99 32.87 0.66 1.27 1.27 0.98
Talbot Rd 10.15629 Q10 Pre‐project Existing Flows 95 19.45 20.45 20.24 20.64 0.025121 3.45 27.54 32.93 0.66 1.29 1.29 1
Talbot Rd 10.15629 Q10 Pre‐project Future Flows 112 19.45 20.54 20.32 20.75 0.025109 3.67 30.53 33.24 0.67 1.42 1.42 1.09
Talbot Rd 10.15629 Q10 Post‐project Existing Flows 95 19.45 20.45 20.24 20.64 0.025121 3.45 27.54 32.93 0.66 1.29 1.29 1
Talbot Rd 10.15629 Q10 Post‐project Future Flows 112 19.45 20.54 20.32 20.75 0.025109 3.67 30.53 33.24 0.67 1.42 1.42 1.09
Talbot Rd 10.15629 Q100 Pre‐project Existing Flows 203 19.45 20.95 20.67 21.27 0.025131 4.57 44.45 34.67 0.71 1.97 1.97 1.5
Talbot Rd 10.15629 Q100 Pre‐project Future Flows 225 19.45 21.04 20.75 21.39 0.02514 4.74 47.46 34.95 0.72 2.08 2.08 1.59
Talbot Rd 10.15629 Q100 Post‐project Existing Flows 203 19.45 20.95 20.67 21.27 0.025131 4.57 44.45 34.67 0.71 1.97 1.97 1.5
Talbot Rd 10.15629 Q100 Post‐project Future Flows 225 19.45 21.04 20.75 21.39 0.02514 4.74 47.46 34.95 0.72 2.08 2.08 1.59
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SEDIMENT TRANSPORT ANALYSIS METHODS AND 
RESULTS 
Sediment transport conditions in Perrinville Creek were evaluated to provide input to the 
replacement culvert and channel modification design. Specific objectives of the sediment 
transport analysis included: 

• Determine the characteristics of sediment expected to deposit in or downstream of 
the replacement culvert structure should Alternative 3, including a sedimentation 
structure under Talbot Road, be selected 

• Evaluate the relative changes to continuity of sediment transport within the project 
reach under pre-project and post-project conditions 

An analysis of the complex and detailed hydraulics, including turbulence, within the possible 
sedimentation structure under Talbot Road should be completed during a design phase. Such 
an analysis is beyond the capability of the one-dimensional hydraulic model used and beyond 
the scope of this phase of the project. The following sections describe the methods and 
assumptions used to complete the sediment transport analysis for these objectives. A 
discussion of uncertainty associated with sediment transport calculations is also provided. 

Depositional Characteristics of a Sedimentation Trap 
The intent of incorporating a sedimentation trap within the replacement culvert at Talbot 
Road (Alternative 3) is to capture all or some of the sediment that exceeds the transport 
capacity of the channel downstream of Talbot Road and results in channel aggradation and 
increased flooding hazards. Downstream of Talbot Road, near the high flow diversion 
structure, the rate of aggradation has averaged between 30 and 60 cubic yards annually within 
the Perrinville Creek channel (Tod Moles, personal communication, June 5, 2012). As described 
in the main report, Wolman pebble counts (Wolman 1954) were performed at three locations 
to characterize the grain-size distribution of both surface and subsurface sediments in the 
creek:  

• Pebble count #1 – from the deposited material at and immediately upstream of the 
high flow diversion structure (this location is indicated on Figure 1 in the main report). 

• Pebble count #2 – from a gravel bar upstream of Talbot Road at GPS #1 (located as 
shown on the inset to Figure 3 in the main report). 

• Pebble count #3 – from a gravel bar upstream of the ravine and upstream of Southwest 
County Park at GPS #19 (located as shown on Figure 3 in the main report). 

Pebble count #1 near the high flow diversion structure provides information on the size of 
material typically depositing in the channel where sediment removal operations are 
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performed by the City on an annual basis. The subsurface sample for pebble count #1 was 
taken from a stockpile of sediment previously removed from the channel and bar immediately 
upstream of the high flow diversion structure in 2011 and located on the left bank of 
Perrinville Creek. Grain-size distributions were not otherwise available for historical sediment 
removal operations of the high flow diversion structure. Pebble counts #2 and #3 provide 
information on the size of material in bedload bar deposits that represent likely future 
sediment sources to the Perrinville Creek channel near the Talbot Road crossing. The 
resulting particle grain-size distributions from the pebble counts are provided in the main 
text and presented in Figure E-1. 

The character of streambed sediment within Perrinville Creek is primarily coarse gravel with 
sand (particles less than 2 millimeters [mm] mean diameter) composing on average between 
8 and 30 percent of the surface and subsurface substrate, respectively. Cobbles (particles 
with a mean diameter greater than 64 mm but not larger than 256 mm) were generally found 
to compose no more than 10 percent of the streambed surface sediment. This distribution of 
sediment sizes also characterizes the sediment that is removed annually from the Perrinville 
Creek channel at the high flow diversion structure (location of pebble count #1) downstream 
of Talbot Road by a City of Edmonds maintenance crew in order to maintain the conveyance 
capacity of the existing flow diversion structure.  

A primary objective of this sediment transport analysis is to evaluate whether the hydraulic 
conditions created by the replacement culvert and sedimentation structure would encourage 
additional deposition of suspended load in addition to bedload. The ongoing sediment removal 
activities provide a recurrent “trap” just downstream of Talbot Road where sediments 
accumulate during winter storms. The challenge associated with design of a proposed 
sedimentation structure is that the hydraulic characteristics that promote flow conveyance 
(and also fish passage), including increased culvert width and grade control features at the 
downstream end of the replacement culvert, could also promote sediment deposition at the 
road crossing.  

In addition to the portion of bedload sediment that consists of sand (8 to 30 percent), other 
fine-grained sediments (silt and clay) were observed in the eroding stream banks and bed 
upstream of the project site in the ravine. These eroding areas could contribute fine 
sediments to the project reach of  Perrinville creek during storm events. An analysis of the 
expected mobility of sand-sized (and smaller) particles in suspension was completed 
to determine if sand-sized particles may also be expected to accumulate in a new 
sedimentation structure within the Talbot Road culvert. 
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Figure E-1. Grain-size Distributions for Pebble Counts Taken Within and Upstream of the Project Area. 
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Suspended Transport of Fine-Grained Sediment 
The basic premise for evaluating the suspended transport of fine-grained sediments is based 
on the assumption that a particle will stay in suspension as long as the shear velocity ( *u ) 
associated with the hydraulic characteristics of the flow exceeds the settling velocity ( sv ) of 
the particle. 

Particle settling velocity ( sv ) was calculated for sand- and silt-sized particles according to a 
formulation developed by Dietrich (1982):  
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Where: W* = Dimensionless settling velocity 
 D = Particle diameter, m 
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 CSF = The Corey Shape Factor = 1 
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Where: vs = Settling velocity, m/sec 
 W* = Dimensionless settling velocity 

 R = (ρs- ρw)/ ρw 

 ρs = Particle density, 2,650 kg/m3 

 ρw = Fluid density, 1,000 kg/m3 

 g = Gravitational acceleration, 9.81 m/sec2 

 D = Particle diameter, m 

 υ = Kinematic viscosity, 1.306 x 10-6 @ 10° C 

The shear velocity ( *u ) in Perrinville Creek through the proposed replacement culvert and 
modified channel was calculated using output from the hydraulic model according to the 
following equation: 
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Where: bτ  = wρ gRHS, basal channel shear stress 

 RH = Hydraulic radius, m 

 S = Energy gradient, m/m 

Other detailed studies that have evaluated suspended load transport or particle motion in the 
near-bed region during turbulent open channel flow, have developed empirical relationships 
between the shear velocity ( *u ) and settling velocity ( sv ). Thus particle suspension was also 
evaluated using the estimates of shear velocity ( *u ) and settling velocity ( sv ) through the 
relationship presented by Niño (1995) and similar to those of van Rijn (1984). 

 

 

 

 

Where:  the third condition is applicable to coarse sands. 

And: 
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Particle suspension through the replacement culvert and sedimentation structure was 
evaluated for the 6-month (72 percent of the 2-year), 2-, and 10-year recurrence interval 
flows at select cross-section stations in the project area. Hydraulic conditions corresponding 
to both the existing conditions and projected future conditions recurrence interval flows 
were evaluated. In combination with the hydraulic modeling results, the results of this 
analysis can help predict how the range of depositional conditions that may occur within the 
replacement culvert and could also be used to develop the adaptive management approach to 
operations and maintenance of a sedimentation structure. Although these relationships 
enable a rough evaluation of the size of material expected to remain in suspension through 
the project reach, and a relative comparison of pre- and post-project conditions, they do not 
provide an absolute determination of the spatial variability in suspended sediment transport 
capacity. In reality, there will be some suspended deposition in places and entrainment of 
suspended sediment in other locations along the project reach. 

Bedload Sediment Transport Continuity within Modified Channels 
A sediment transport analysis of pre- and post-project channel conditions, at different 
locations within the channel network, was completed to evaluate and inform the design of 
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channel modifications and predict future patterns of sediment transport and deposition.  This 
analysis was performed using the Bedload Assessment of Gravel–Bedded Streams (BAGS) 
software package developed for the U.S. Forest Service Stream Systems Technology Center.  
This package produces estimates of sediment transport rates in gravel-bedded rivers using 
grain size, flow, and channel geometry information.   

Five different transport formulas may be used in BAGS to calculate transport rates, depending 
on the available data.  For this analysis, two relations were used, and are referred to by their 
respective literature citations: Parker (1990) and Wilcock and Crowe (2003).  Each formula 
expresses transport rate as a function of shear stress, which is a function of flow depth and 
channel slope, as developed in different empirical settings.   

Sediment transport is a highly nonlinear process, meaning that small changes in input 
variables can produce large variations in transport rates.  In the absence of calibration based 
on field measurement of bedload transport, there is considerable uncertainty in any 
particular sediment transport calculation.  For this reason, the transport rates calculated in 
this analysis were used to describe relative transport capacities under pre-project conditions, 
and following replacement of the Talbot Road culvert structure at different locations within 
the channel in the project area.   

Estimates of transport rates were made at three cross-section locations along Perrinville 
Creek within the project reach (cross-sections at “river stations” 59.72958, 310.2787, and 
400.8312 as shown on Figure D-1).  Discharge inputs at the modeled cross-section stations 
include the 6-month (72% of the 2-year), 2-, and 10-year recurrence interval flows (see Table 
1 in the main report), and were based on hydrologic modeling results presented in the 
Perrinville Creek Basin Study (R.W. Beck 1991).  Channel cross-sectional data available from 
the May 2012 culvert replacement project basemap survey were used to describe existing 
channel geometry.  Post-project channel geometries were based on the post-project 
geometries from the HEC-RAS hydraulic model described in the main report and Appendix D.  
Grain-size distributions of surface and subsurface sediment from these locations were used as 
input to the sediment transport formulae for pre-project conditions.   

Sediment Transport Analysis Results 
This section summarizes the preliminary assessment of the sediment transport conditions 
associated with a possible sedimentation structure within the replacement culvert at Talbot 
Road and the continuity of sediment transport conditions within the modified channel in the 
project area. Should a sedimentation structure be incorporated into the selected culvert 
replacement alternative, updated analysis should be completed to be consistent with the 
final design conditions. The results of those analyses would provide an indication of the future 
sediment transport conditions through the project area. Results from the analysis of fine-
grained sediment transport through the replacement culvert, and bedload transport through 
Perrinville Creek from Talbot Road to the high flow diversion structure are provided in the 
following sections. 
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Suspended Transport of Fine-Grained Sediment 
Analysis of suspended transport of fine-grained sediment was conducted to predict the 
character of sediment that can be expected to be trapped within a sedimentation structure in 
the replacement culvert at Talbot Road. The primary intent of the sedimentation structure 
design would be to capture coarse-grained bedload sediments, including cobble and gravel, in 
addition to medium- and coarse-grained sand. This range of sediment sizes is typical of the 
streambed material downstream of Talbot Road (ranging between 7mm and 80 mm, see Table 
2 in the main report) and is the material that is delivered to the channel at rates in excess of 
the channel’s sediment transport capacity, both upstream of the existing Talbot Road culvert 
and at the high flow diversion structure downstream. One risk in design of a sedimentation 
structure within the replacement culvert is that the deposition of finer suspended load 
sediment, including fine sand and smaller particles less than 0.25 mm in diameter, could 
occur at rates that result in an excess accumulation of sediment within the culvert structure, 
particularly since high rates of sand accumulation have been observed in Perrinville Creek and 
the geomorphic analysis noted adequate sources of sand in the eroding creek banks in the 
upper watershed. 

Settling velocities for sand-sized particles and the necessary shear velocities required to keep 
those particles in suspension were calculated in metric units and converted to English units. 
These velocities are presented in Table E-1. These shear velocity values were compared to 
calculated shear velocities at select cross-section station locations using hydraulic model 
output to predict the largest particle size that would remain in suspension for the 6-month 
(72% of the 2-year), 2-, and 10-year peak flows under pre-project conditions, and following 
construction of the replacement culvert and channel improvements (Table E-2). Results of the 
calculations for pre-project conditions were compared to observations of depositional patterns 
within the project area to predict how the calculated suspended transport conditions will 
translate into future patterns of deposition indicated by the calculation results for post-
project site conditions. Both channel observations and the pebble count results indicate that 
coarse sands are likely moving through the project reach as bedload, while fine and medium 
sands likely move through the project reach as suspended load. 

Table E-1. Settling Velocities for Sand and Calculated Shear Velocities Necessary to 
Maintain Particles in Suspension. 

Sediment Class 
Maximum Particle Size 

(mm) 
Settling Velocity 

(ft/sec) 
Necessary Shear Velocity 
for Entrainment (ft/sec) a 

Very coarse sand 2 0.88 0.40 

Coarse sand 1 0.47 0.21 

Medium sand 0.5 0.21 0.10 

Fine sand 0.25 0.09 0.07 
a Necessary shear velocity for entrainment calculated according to the method presented by Niño (1995). 
 
The maximum grain sizes predicted to be transported in suspension through the 16-foot-wide-
span of the replacement culvert (Stations 310.2787 and 221.6025) range from 0.7 mm to 
1.1 mm. These sizes compare to maximum values of 0.3 mm to 0.8 mm that are estimated to 
be transported in suspension through the existing 30-inch-diameter culvert in pre-project 
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conditions. The effect of backwater induced by the existing culvert at high flow rates is 
evident from the decrease in channel shear stress for increasing flows at the locations 
upstream of Talbot Road under pre-project conditions (see hydraulic model output including 
basal shear stresses and flow profiles in Appendix D). The replacement culvert would eliminate 
that backwater influence for the higher flow events, thus making it possible for larger sands to 
stay in suspension through the new culvert. These results indicate that significant deposition 
of fine sediment is not expected to increase in the replacement culvert and adjacent channel 
sections under the proposed conditions. 

In addition, the channel grading that would eliminate the perched culvert outlet condition 
downstream of Talbot Road would effectively increase the channel shear velocity immediately 
downstream of the replacement culvert structure. This would allow slightly larger sands 
(1.0 to 1.1 mm instead of 0.5 to 0.8 mm in the existing condition) to remain in suspension. 
This indicates that the flow conditions created by the replacement culvert would not generally 
increase the fine-grained sediment deposition downstream of the road. However, depending 
on the sediment supply conditions (particles size, volume, timing, rates), it is possible that a 
sedimentation structure within the replacement Talbot Road culvert would experience some 
deposition of medium sands.  

Bedload Sediment Transport Continuity within the Modified Channel 
An analysis of bedload sediment transport was completed at three locations in Perrinville 
Creek within the project reach to evaluate the continuity of sediment transport conditions 
and predict future conditions of bedload deposition and transport.  Because the sediment 
transport relations are not calibrated, and calculated rates of sediment transport may vary by 
orders of magnitude from actual rates, there is considerable uncertainty in the absolute 
sediment transport rates calculated.  The sediment transport rates presented in Table E-3, 
therefore, are for use in comparing relative transport rates at different locations along the 
channel in the pre- and post-project channel conditions.  

Bedload sediment transport capacity rates for the pre- and post-project channel conditions 
using the Parker (1990) and Wilcock and Crowe (2003) transport equations are presented in 
Table E-3.  These results illustrate trends that are consistent with the findings of the 
suspended sediment evaluation. The existing backwater conditions created by the undersized 
culvert at Talbot Road (see main report and Appendix D for additional relevant discussion and 
hydraulic results) promote aggradation upstream and limit bedload transport through the 
existing culvert. Pre-project bedload transport rates approach zero upstream of the existing 
Talbot Road culvert (cross-section 310.2787 being immediately upstream of the culvert. The 
decreased transport capacity at cross-section 59.72958 relative to cross-section 400.8312 
(furthest upstream cross-section evaluated) indicates that the downstream reach has less 
capacity to transport bedload, even without taking into account the influence of the Talbot 
Road culvert. This reduction in transport capacity is a characteristic of alluvial fans and is 
also consistent with the observed deposition near the high-flow diversion structure. 
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Table E-2. Calculated Channel Shear Stress, Channel Shear Velocity, and Predicted Maximum Grain Size in Suspension for Select Cross-Sections (Stations) Under Pre-project and Post-project Conditions. 

River Station Flow 

Pre-Project Conditions Existing Flows Pre-Project Conditions Future Flows Post-Project Conditions Existing Flows Post-Project Conditions Future Flows 

Channel Shear 
Stress 

(lb/sq ft) 

Channel Shear 
Velocity 
(ft/sec) 

Predicted 
Maximum Grain 

Size in 
Suspension 

(mm) 

Channel Shear 
Stress 

(lb/sq ft) 

Channel Shear 
Velocity 
(ft/sec) 

Predicted 
Maximum Grain 

Size in 
Suspension 

(mm) 

Channel Shear 
Stress 

(lb/sq ft) 

Channel Shear 
Velocity 
(ft/sec) 

Predicted 
Maximum Grain 

Size in 
Suspension 

(mm) 

Channel Shear 
Stress 

(lb/sq ft) 

Channel Shear 
Velocity 
(ft/sec) 

Predicted 
Maximum Grain 

Size in 
Suspension 

(mm) 

Upstream end of Project Reach, Upstream of Talbot Road 

400.8312 72% of Q2 2.34 1.10 1.0 2.51 1.14 1.1 2.44 1.12 1.1 2.6 1.16 1.1 

400.8312 Q2 2.59 1.16 1.1 1.1 0.75 0.9 2.65 1.17 1.1 2.84 1.21 1.1 

400.8312 Q10 0.31 0.40 0.6 0.39 0.45 0.7 3.19 1.28 1.1 3.35 1.31 1.1 

Upstream end of Culvert at Talbot Road 

310.2787 72% of Q2 0.43 0.47 0.7 0.15 0.28 0.5 1.03 0.73 0.8 1.23 0.80 0.9 

310.2787 Q2 0.11 0.24 0.5 0.03 0.12 0.3 0.59 0.55 0.7 0.72 0.61 0.8 

310.2787 Q10 0.02 0.10 0.3 0.02 0.10 0.3 0.97 0.71 0.8 1.08 0.75 0.9 

Downstream end of Culvert at Talbot Road 

221.6025 72% of Q2 0.18 0.30 0.5 0.26 0.37 0.6 2.04 1.03 1.0 2.24 1.07 1.0 

221.6025 Q2 0.29 0.39 0.6 0.38 0.44 0.7 2.33 1.10 1.0 2.59 1.16 1.1 

221.6025 Q10 0.59 0.55 0.7 0.7 0.60 0.8 2.6 1.16 1.1 2.04 1.03 1.0 

Downstream end of Project Reach, near High Flow Diversion Structure 

59.72958 72% of Q2 1.32 0.82 0.9 1.4 0.85 0.9 1.32 0.82 0.9 1.4 0.85 0.9 

59.72958 Q2 1.43 0.86 0.9 1.51 0.88 0.9 1.43 0.86 0.9 1.51 0.88 0.9 

59.72958 Q10 1.69 0.93 1.0 1.75 0.95 1.0 1.69 0.93 1.0 1.75 0.95 1.0 
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Table E-3. Estimated bedload sediment transport capacity rates for pre-project and post-project conditions for the 6-
month, 2- and 10-year flow rates based on pre-project channel surface grain-size distributions. 

Station 

Sediment Transport Rate  (kg/min) 

Pre-project Conditions Existing 
Flows 

Pre-project Conditions Future 
Flows 

Post-project Conditions 
Existing Flows 

Post-project Conditions 
Future Flows 

6-month 
(35cfs, 
72% of  
2-year) 

2-year 
(49 cfs) 

10-year 
(95 cfs) 

6-month 
(72% of 2-

year,  
45 cfs) 

2-year 
(63 cfs) 

10-year 
(112 cfs) 

6-month 
(35cfs, 
72% of  
2-year) 

2-year 
(49 cfs) 

10-year 
(95 cfs) 

6-month 
(72% of 
2-year, 
 45 cfs) 

2-year 
(63 cfs) 

10-year 
(112 
cfs) 

Parker (1990) 

400.8312 172.63 364.03 1565.38 29.44 85.16 439.07 645.98 1258.29 3866.36 1004.75 1857.56 4817.16 

310.2787 7.02E-20 1.36E-18 2.26E-16 4.94E-18 8.73E-17 6.42E-15 24.02 67.74 352.07 49.14 129.70 481.27 

59.72958 3.38 17.19 234.46 11.44 48.66 419.94 1.27 7.56 141.40 11.44 48.66 419.94 

Wilcock and Crowe (2003) 

400.8312 60.40 133.25 559.16 8.93 27.74 160.72 233.48 448.67 1374.79 359.37 658.80 1716.75 

310.2787 2.75E-12 1.50E-11 2.82E-10 3.15E-11 1.63E-10 6.42E-15 7.21 21.79 126.60 15.54 43.50 176.16 

59.72958 1.44 5.74 63.15 4.00 14.63 112.67 0.70 2.83 39.12 4.00 14.63 112.67 
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The post-project results indicate that the proposed culvert opening succeeds in increasing 
bedload transport through the culvert and downstream of Talbot Road for all flow rates 
evaluated. The proposed channel profile through the culvert should be developed with this in 
mind, with the goal being to match an overall equilibrium profile to transition from the steep 
upper reaches with higher transport capacities, through the culvert, and to the lower 
gradient reaches downstream of Talbot Road with lower transport capacities. To 
accommodate the increased bedload transport capacity in the post-project scenario, 
combinations of logs and boulders could be strategically placed to support this equilibrium 
gradient, provide grade control, and reduce the likelihood of a head-cut developing that 
could create another fish-passage barrier, should sediment transport capacity start to locally 
exceed sediment supply. The channel’s response will certainly be limited by the bedload 
sediment supply to the project reach.  Although the geomorphic reconnaissance (main report) 
noted several active sediment sources, the exact timing and volume of bedload sediment 
delivery to the project reach is impossible to predict. 

Bedload aggradation in the downstream reach and in the vicinity of the high-flow diversion 
structure is likely to continue unless a sedimentation structure is incorporated somewhere 
upstream or into the replacement culvert at Talbot Road. The bedload capacity of the 
channel is highly sensitive to the friction slope, which is related to the reach-average channel 
bed slope. As mentioned previously, the downstream portion of the channel through the 
project reach naturally decreases in slope, thus reducing the channel’s capacity to transport 
bedload here. In addition, the post-project conditions include a broader culvert that 
increases sediment transport capacity over pre-project conditions, further enabling the 
transport of more sediment, and thus likely increased volumes, to depositional areas near the 
high-flow diversion structure instead of upstream of Talbot Road as observed in pre-project 
conditions. 

It should be noted that these results are also based on the existing grain-size distributions of 
surface sediments observed in the reach. The equations also assume that sediment supply is 
unlimited. Using the existing grain size distributions from the Perrinville Creek channel for 
the cross-sections downstream of Talbot Road (59.72958 used in this analysis) may provide 
conservative estimates of sediment transport rates under post-project conditions if the 
sedimentation structure under Talbot Road captures the largest bedload sediments delivered 
to it. The sedimentation structure constructed with the Alternative 3 replacement culvert 
would be designed to capture a volume close to the average annual bedload sediment flux to 
the project reach, likely at least 30 to 60 cubic yards, consistent with the annual dredge 
volumes from the channel at the high flow diversion structure (Tod Moles, personal 
communication, June 5, 2012). During water years when bedload delivery rates and volumes 
do not exceed the capacity of the sedimentation structure, much of the bedload sediment 
supply that would be otherwise transported downstream would be captured by the 
sedimentation structure. During these years, the downstream reach might develop some 
surface armoring if transport capacity locally exceeds sediment supply there. During water 
years when bedload delivery rates exceed the sedimentation structure capacity (either due to 
significant sediment-transporting flow events or due to maintenance of the sedimentation 
structure to enable more sediment delivery downstream), it is likely that the sedimentation 
structure would be capable of retaining much of the coarser particles but allowing both much 
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of the finer material as well as the excess additional coarse material to remain in suspension 
and be transported to the reach downstream.  
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City of Edmonds Perrinville Creek Culvert Replacement Project
Preliminary Construction Cost Estimate
Revision Date: July 17, 2012   

 
ALTERNATIVE 1 - STEEL ARCH CULVERT

No. Item Unit Quantity Unit Price Amount
1 MOBILIZATION (10%) L.S. 1 $36,832.3 $36,832
2 SELECTIVE CLEARING AND GRUBBING S.F. 3050 $1.00 $3,050
3 STRUCTURE EXCAV CL A INCL. HAUL C.Y. 2,140 $20 $42,800
4 TEMPORARY SHORING S.F. 1,960 $15 $29,400
5 PUMPING / GROUNDWATER CONTROL L.S. 1 $20,000 $20,000
6 STEEL ARCH CULVERT L.F. 70 $350 $24,500
7 CULVERT INSTALLATION L.S. 1 $10,000 $10,000
8 CULVERT HEADWALLS C.Y. 6 $800 $4,800
9 CONCRETE FOOTINGS C.Y. 31 $400 $12,400
10 BALLAST FOR BEDDING OF FOOTINGS C.Y. 31 $50 $1,550
11 LIGHT LOOSE RIPRAP FOR SCOUR APRON C.Y. 83 $60 $4,980
12 SELECT STRUCTURAL BACKFILL C.Y. 300 $25 $7,500
13 WINGWALLS S.F. 450 $75 $33,750
14 ROADWAY EMBANKMENT C.Y. 925 $10 $9,248
15 UTILITY RELOCATIONS L.S. 1 $40,000 $40,000
16 STREAMFLOW BYPASS L.S. 1 $25,000 $25,000
17 STREAM CHANNEL EXCAVATION C.Y. 183 $15 $2,745
18 STREAM CHANNEL BOULDERS C.Y. 60 $110 $6,600
19 STREAMBED GRAVEL C.Y. 140 $60 $8,400
20 STREAMBANK STABILIZATION L.F. 300 $30 $9,000
21 STREAMBANK WOOD CRIB STRUCTURE L.S. 1 $7,500 $7,500
22 STREAMBANK MISC. HABITAT WOOD L.S. 1 $5,000 $5,000
23 PLANTING / PROPERTY RESTORATION L.S. 1 $30,000 $30,000
24 TEMPORARY EROSION AND SED. CONTROL L.S. 1 $5,000 $5,000
25 TRAFFIC CONTROL L.S. 1 $10,000 $10,000
26 ROADWAY BASE COARSE TON 100 $25 $2,500
27 HMA FOR ROADWAY TON 70 $100 $7,000
28 STEEL GUARDRAIL L.F. 80 $70 $5,600

Subtotal $406,000
Contingency 30% $122,000

Total Construction Cost $530,000

Notes:

1.  This estimate is in July 2012 dollars and does not include sales tax, escalation, or owner costs such as
engineering, administrative, construction management, legal, or permitting.

The cost opinions shown have been prepared for guidance in project evaluation from the information available at the time of preparation. 
The final costs of the project will depend on actual labor and material costs, actual site conditions, productivity, competitive market
conditions, final project scope, final project schedule, and other variable factors.  As a result, the final project costs will vary from the
costs presented above. Because of these factors, funding needs to be carefully reviewed prior to making specific financial decisions
or establishing final budgets.

1



City of Edmonds Perrinville Creek Culvert Replacement Project
Preliminary Construction Cost Estimate
Revision Date: July 17, 2012   

 
ALTERNATIVE 2 - PRECAST CONCRETE 3-SIDED CULVERT

No. Item Unit Quantity Unit Price Amount
1 MOBILIZATION (10%) L.S. 1 $41,167.5 $41,168
2 SELECTIVE CLEARING AND GRUBBING S.F. 3050 $1.00 $3,050
3 STRUCTURE EXCAV CL A INCL. HAUL C.Y. 2,140 $20 $42,800
4 TEMPORARY SHORING S.F. 1,960 $15 $29,400
5 PUMPING / GROUNDWATER CONTROL L.S. 1 $20,000 $20,000
6 PRECAST CONCRETE CULVERT L.F. 70 $950 $66,500
7 CULVERT INSTALLATION L.S. 1 $15,000 $15,000
8 CULVERT HEADWALLS C.Y. 3 $800 $2,400
9 CONCRETE FOOTINGS C.Y. 31 $400 $12,400
10 BALLAST FOR BEDDING OF FOOTINGS C.Y. 31 $50 $1,550
11 LIGHT LOOSE RIPRAP FOR SCOUR APRON C.Y. 83 $60 $4,980
12 SELECT STRUCTURAL BACKFILL C.Y. 300 $25 $7,500
13 WINGWALLS S.F. 450 $75 $33,750
14 ROADWAY EMBANKMENT C.Y. 800 $10 $8,000
15 UTILITY RELOCATIONS L.S. 1 $40,000 $40,000
16 STREAMFLOW BYPASS L.S. 1 $25,000 $25,000
17 STREAM CHANNEL EXCAVATION C.Y. 183 $15 $2,745
18 STREAM CHANNEL BOULDERS C.Y. 60 $110 $6,600
19 STREAMBED GRAVEL C.Y. 140 $60 $8,400
20 STREAMBANK STABILIZATION L.F. 300 $30 $9,000
21 STREAMBANK WOOD CRIB STRUCTURE L.S. 1 $7,500 $7,500
22 STREAMBANK MISC. HABITAT WOOD L.S. 1 $5,000 $5,000
23 PLANTING / PROPERTY RESTORATION L.S. 1 $30,000 $30,000
24 TEMPORARY EROSION AND SED. CONTROL L.S. 1 $5,000 $5,000
25 TRAFFIC CONTROL L.S. 1 $10,000 $10,000
26 ROADWAY BASE COARSE TON 100 $25 $2,500
27 HMA FOR ROADWAY TON 70 $100 $7,000
28 STEEL GUARDRAIL L.F. 80 $70 $5,600

Subtotal $453,000
Contingency 30% $136,000

Total Construction Cost $590,000

Notes:

1.  This estimate is in July 2012 dollars and does not include sales tax, escalation, or owner costs such as
engineering, administrative, construction management, legal, or permitting.

The cost opinions shown have been prepared for guidance in project evaluation from the information available at the time of preparation. 
The final costs of the project will depend on actual labor and material costs, actual site conditions, productivity, competitive market
conditions, final project scope, final project schedule, and other variable factors.  As a result, the final project costs will vary from the
costs presented above. Because of these factors, funding needs to be carefully reviewed prior to making specific financial decisions
or establishing final budgets.
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City of Edmonds Perrinville Creek Culvert Replacement Project
Preliminary Construction Cost Estimate
Revision Date: July 17, 2012   

 
ALTERNATIVE 3 - CONCRETE CULVERT WITH SEDIMENT TRAP

No. Item Unit Quantity Unit Price Amount
1 MOBILIZATION (10%) L.S. 1 $48,647.5 $48,648
2 SELECTIVE CLEARING AND GRUBBING S.F. 3050 $1.00 $3,050
3 STRUCTURE EXCAV CL A INCL. HAUL C.Y. 2,440 $20 $48,800
4 UNSUITABLE EXCAVATION (AT TRAP) C.Y. 200 $40 $8,000
5 TEMPORARY SHORING S.F. 2,060 $20 $41,200
6 PUMPING / GROUNDWATER CONTROL L.S. 1 $25,000 $25,000
7 CONCRETE CULVERT C.Y. 136 $800 $108,800

8
CULVERT APPURTENANCES FOR SEDIMENT 
REMOVAL

L.S. 1 $20,000 $20,000

9 CULVERT HEADWALLS C.Y. 3 $800 $2,400
10 BALLAST FOR BEDDING OF BOTTOM SLAB C.Y. 49 $50 $2,450
11 LIGHT LOOSE RIPRAP FOR SCOUR APRON C.Y. 13 $60 $780
12 SELECT STRUCTURAL BACKFILL C.Y. 340 $25 $8,500
13 WINGWALLS C.Y. 450 $75 $33,750
14 ROADWAY EMBANKMENT S.F. 1,240 $10 $12,400
15 UTILITY RELOCATIONS L.S. 1 $40,000 $40,000
16 STREAMFLOW BYPASS L.S. 1 $30,000 $30,000
17 STREAM CHANNEL EXCAVATION C.Y. 183 $15 $2,745
18 STREAM CHANNEL BOULDERS C.Y. 60 $110 $6,600
19 STREAMBED GRAVEL C.Y. 140 $60 $8,400
20 STREAMBANK STABILIZATION L.F. 300 $30 $9,000
21 STREAMBANK WOOD CRIB STRUCTURE L.S. 1 $7,500 $7,500
22 STREAMBANK MISC. HABITAT WOOD L.S. 1 $5,000 $5,000
23 PLANTING / PROPERTY RESTORATION L.S. 1 $30,000 $30,000
24 TEMPORARY EROSION AND SED. CONTROL L.S. 1 $5,000 $5,000
25 TRAFFIC CONTROL L.S. 1 $12,000 $12,000
26 ROADWAY BASE COARSE TON 100 $25 $2,500
27 HMA FOR ROADWAY TON 70 $100 $7,000
28 STEEL GUARDRAIL L.F. 80 $70 $5,600

Subtotal $536,000
Contingency 30% $161,000

Total Construction Cost $700,000

Notes:

1.  This estimate is in July 2012 dollars and does not include sales tax, escalation, or owner costs such as
engineering, administrative, construction management, legal, or permitting.

The cost opinions shown have been prepared for guidance in project evaluation from the information available at the time of preparation. 
The final costs of the project will depend on actual labor and material costs, actual site conditions, productivity, competitive market
conditions, final project scope, final project schedule, and other variable factors.  As a result, the final project costs will vary from the
costs presented above. Because of these factors, funding needs to be carefully reviewed prior to making specific financial decisions
or establishing final budgets.
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