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1 APPENDIX OVERVIEW 

This appendix compiles supporting investigations, data collection, and analyses of the 
hydrology hydraulics, geomorphology, and sediment trends of the Dungeness River in the 
area of project effect to document existing conditions, future without project conditions, and 
supporting evaluations of with project conditions for the conceptual design discussed in the 
decision document.  Because this work is based on survey data acquired in summer and fall 
of 2013 and LiDAR data acquired in 2012 it reflects an accurate snapshot of existing 
conditions. When possible data collected as part of this study (cross section and sediment) 
were obtained at monitoring stations previously established by others (USBR) to determine 
rates of change in planform, profile, and substrate. In addition to the work performed by the 
Corps to support development of the conceptual design, relevant work performed by others 
in the project reach and basin is excerpted and included to provide context for the reader.    
 
 

1.1 Appendix Chapter Summary 

 
Chapter 2 describes the hydrologic data used to develop a flood frequency statistics used to 
determine the level of protection of the existing levee and to establish design flood 
recurrence intervals and annual exceedance probabilities. Comparisons with recent estimates 
of flood frequency statistics developed previously by others are provided.  The effects of 
global climate change are considered. 
 
Chapter 3 provides an overview of the geomorphic reconnaissance work performed for this 
study and summarizes relevant work by others in the river and adjacent delta that inform the 
analysis. The current conditions in the river channel are documented (reach classification, 
active width, long profile, bed sediment grain size distribution) as are historical changes in 
channel planform, profile, and vegetative cover. Changes in the spatial distribution of bed 
sediment grain sizes and changes in channel cross section and bed elevations are 
documented. Long term aggradation rates (expressed as cubic yards per year or average feet 
of bed elevation increase) determined as part of this effort are compared to the previous 
efforts of others to define future with and without project aggradation rates in the project 
reach.  Predictions of future aggradation based on current observed rates are provided. 
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Chapter 4 documents the hydraulic modeling performed as part of this study and summarizes 
relevant modeling efforts by others. The hydraulic models are used to document the existing 
level of protection for the Federal levee and to determine the inundation limits resulting 
from the proposed setback alignment.  
 
Chapter 5 summarizes the combined influence of hydrology, hydraulics, geomorphology, 
and sediment transport on existing conditions and future without project conditions. 
 
Chapter 6 summarizes the combined influence of hydrology, hydraulics, geomorphology, 
and sediment transport on with-project conditions shortly after restoration and discussion of 
potential scenarios under future with project conditions. 
 
Chapter 7 summarizes the restoration design approach that is based on the evaluation of the 
current conditions of the site, expected response of the river to restoration (Chapter 6), 
restoration objectives, and site constraints. Chapter 7 provides the basis for the design of the 
restoration elements shown within the restoration project footprint (side channels, logjams, 
floodplain roughness elements, plantings, etc.). 
 
 

2 HYDROLOGY 

2.1 Watershed Characteristics (from the DRCFHMP 2009, USBR 2002) 

 
Originating in the Olympic Mountains of Washington State, the Dungeness River and its 
main tributary, the Gray Wolf, drain a 200-square-mile watershed of steep mountains, deep 
forested canyons, and a broad open valley (Figure 2-1). With a mean basin elevation of 3,500 
feet and headwaters at 7,788 feet at Mt Deception in Olympic National Park, the steep, 30-
mile course of the Dungeness flows almost due north before emptying into Dungeness Bay 
along the Strait of Juan de Fuca (Table 2-1). Dungeness Bay is formed by Dungeness Spit, the 
longest natural sand spit in the United States, and is the site of the Dungeness National 
Wildlife Refuge. The lower ten miles of the Dungeness River flow through a broad alluvial 
valley, which is characterized by a mixed use of small forested parcels, agriculture, and 
increasingly, a mix of rural/urban residential development in proximity to the City of 
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Sequim. Characteristics of the Dungeness Watershed including climate, geology, hydrology, 
soils, biotic communities, land use, and demographics are described more fully below and in 
USBR 2002 as well as several planning documents including the Water Resources Inventory 
Area (WRIA) 18 Watershed Plan (Clallam County, 2005).  The potential restoration area and 
Federal levee are shown in Figure 2-2 below. 
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Figure 2-1 Basin and Vicinity map of Dungeness River Watershed 

 

 
Figure 2-2 Dungeness River Restoration Project Area 

 
Per the 2009 Dungeness River Comprehensive Flood Hazard Management Plan (DRCFHMP) 
the Dungeness Basin is predominantly in the Western Hemlock forest zone, with small 
portions of the upper basin in the sub-alpine and alpine zone (Kruckeberg, 1991). The 
dominant forest tree species in the basin include Douglas fir, Western hemlock, and Western 
red cedar; the dominant riverside trees include red alder, black cottonwood, and willow. 
Based on 2001 NLCD canopy dataset, approximately 60 % of the basin is forested. 
 
It has been estimated that the population of S’Klallam Indians in the Dungeness watershed 
ranged from 400 to 2100 prior to white settlement in the 1850s (Lichatowich, 1992). Settlers 
to the Dungeness valley rapidly exerted major changes in the watershed and landscape, with 
the removal of forest cover (especially adjacent to the river), construction of an irrigation 
system, construction of bridges and levees, and the draining and diking of tidal areas near the 
river mouth to create farmland. Numerous forest fires burned large areas in the upper 

Proposed 
restoration 
project 
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watershed in the 1890s. While portions of the upper watershed were protected within 
Olympic National Park beginning in the late 1930s, other areas of federal and state forest 
land were managed for extensive timber harvest. Land use change has been concentrated in 
the river corridor below river mile 11, where the steep gradient from the Olympic 
Mountains flattens into suitable terrain for farming and residential use. The 2005 Watershed 
Plan (Entrix, 2005) estimated that 20,000 people make their home in the Dungeness 
watershed, and growth in and around the City of Sequim continues at a dramatic rate due to 
the mild, relatively dry climate and beautiful scenery. 
 

Table 2-1: Dungeness River Basin Characteristics Report (USGS StreamStats) 
Parameter Value 
Area that drains to a point on a stream, in square miles 198.13 
Mean Basin Elevation in feet 3510 
Minimum Basin Elevation in feet 0 
Maximum Basin Elevation in feet 7780 
Relief (maximum - minimum elevation), in feet 7780 
Mean basin slope in percent 45.3 
Percent of area with slope greater than 30 percent 70.8 
Percent of area with slope greater than 30 percent and facing North 19 
Area-weighted forest canopy, in percent, computed from NLCD 2001 canopy dataset 59.3 
Area that drains to river mouth, in square miles 197.69 
Mean Basin Elevation in feet 3510 
Minimum Basin Elevation in feet 18 
Maximum Basin Elevation in feet 7770 
Relief (maximum - minimum elevation), in feet 7760 
Mean basin slope in percent 45.4 
Percent of area with slope greater than 30 percent 71 
Percent of area with slope greater than 30 percent and facing North 19.1 
Area-weighted forest canopy, in percent, computed from NLCD 2001 canopy dataset 59.5 
Mean annual precipitation, in inches 56.9 
 
 

2.1.1 Climate & Precipitation 

While the Dungeness watershed drains over 200 square miles, it is located in the arid 
“rainshadow” of the Olympic Mountains, receiving only a fraction of the precipitation 
typical of other western Washington rivers and streams. Basinwide average annual 
precipitation in the upper watershed is approximately 60 inches (USGS), while the Sequim 
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area experiences only 16 inches (DRCFHMP 2009). Roughly 75 percent of annual 
precipitation occurs during the October to March period, when the largest flood events are 
experienced, although the peak average daily runoff occurs in the spring. The upper basin is 
located in the Olympic Mountains, and is equally dominated by snow and rain as indicated 
by the normative hydrogeomorphic classification of Reidy-Lierman et al, 2011, whereas the 
lower basin (area tributary to the river below RM 10) is dominated by rainfall runoff on the 
west side of the delta. On the east side of the delta, groundwater fed tributaries flow towards 
Sequim bay independent of the Dungeness River, and in the project reach are partly fed by 
shallow groundwater originating from the Dungeness River (USGS 2002). 
 
The following are excerpted from USBR 2002:  
“The climate of the Dungeness River drainage basin is mild at the lower elevations and dry 
relative to the rest of the Olympic Peninsula. Climatic conditions have only been recorded 
continuously in the basin at Sequim (Halloin, 1987; Sequim Chamber of Commerce, 1998). 
The total annual precipitation of about 16 in (41 cm) in Sequim contrasts with an annual 
precipitation of about 118 in (300 cm) at Forks on the west side of the Olympic Peninsula 
(Halloin, 1987), and 60 inches basinwide (USGS). The prevailing wind direction across the 
Olympic Peninsula from the southwest means that storms frequently drop their moisture on 
the west side of the peninsula or in the high Olympic Mountains.  
 
Thus, the relatively low precipitation at Sequim is the result of its location in the rain 
shadow of the Olympic Mountains. The average summer temperature at Sequim (elevation 
about 200 ft [60 m]) is about 60 °F (16 °C) (Halloin, 1987; Figure 4A). The average daily 
maximum temperature in the summer is about 69o F(21o C); the average daily minimum 
temperature is about 50 °F (10 °C). The average total precipitation at Sequim between the 
first of May and the end of September, the main agricultural season, is about 4.5 in (11.4 cm). 
The driest months are July, August, and September, when an average of only about 2.3 in 
(5.8 cm) of precipitation falls. 
 
The average winter temperature at Sequim is about 40 °F (4 °C) (Halloin, 1987). The average 
daily maximum temperature in the winter is about 48 °F (9 °C); the average daily minimum 
temperature is about 34 °F (1 °C). Rain is frequent in the late fall and winter (Figure 4B). The 
wettest months are November, December, and January, when about 6.8 in (17.3 cm) of rain 
falls. 
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The average seasonal snowfall at Sequim is 6 to 8 in (15 to 20 cm). The first occurrence of 
freezing temperatures is usually the middle of October. The latest occurrence of  
temperatures below 32 °F (0 °C) is usually the last week of April or the first week of May for 
the lower valley (Halloin, 1987). 
 
Larger amounts of snow fall in the upper part of the Dungeness River drainage basin. This 
snow, along with glacier ice, is a major source of water to the Dungeness River system. The 
majority of the snow and ice melts during the summer and early fall and results in diurnal 
changes in the flows in the river. The average annual precipitation in the upper Dungeness 
River basin is about 63 in (160cm) (Clark et al., 1995), which is about two and a half times 
the annual precipitation at Sequim. 
 
 

2.1.2 Future Climatic Conditions 

Future climatic conditions in the Olympics and the Dungeness River basin are expected to 
shift to warmer and dryer by 2060, as predicted by the UW Climate Impacts Group (UW CIG 
2009). For the period of 2030 to 2059 UW CIG modeling indicates a relatively significant 
increase in seasonal average temperatures of 1 to 3 degrees C, and a resultant reduction in 
precipitation during the winter, spring, and summer (10 - 35%), with increases in the fall of 
about 5 to 10% (Appendix A-1).  Precipitation intensity for this part of the Olympics does 
not appear to change significantly in the Dungeness. It should be noted that no hydrologic 
forecasts are provided for the Dungeness River specifically, and these numbers are 
interpreted from regional data provided in the report. The UW CIG report shows a shift in 
precipitation patterns to rain dominated from rain and snow dominated (transitional) 
conditions by 2059. This  indicates that more rain and less snow will fall in the upper 
Olympics during major storms, potentially increasing flood magnitudes in the early fall and 
winter.  
 
Recent work by others (Reidy-Lierman. et al 2011) indicates a shift of a significant portion of 
the Dungeness basin from a transitional snow and rain dominated precipitation regime to a 
rain dominated precipitation regime. This will likely have significant repercussions for the 
entire watershed, including the project area and delta.  
 



H&H TECHNICAL APPENDIX: HYDROLOGY, GEOMORPHOLOGY, HYDRAULICS, & HYDRAULIC DESIGN  

Dungeness River Restoration Project Page 8 
 

Assuming these forecasts are reasonable, by 2060 the snowmelt runoff volume may be 
reduced significantly, which would likely result in impacts to both surface and groundwater 
resources, including reduction in seasonal water availability, increases in water temperature, 
increased competition for water rights, and potentially increased early winter flooding. This 
could increase the sediment supply if the upper watershed loses snowpack and rainfall falls 
on bare slopes, and if peak runoff magnitudes are increased, thereby increasing the rates of 
local erosion and sediment delivery to the project area and lower delta. Conditions for 
resident and anadromous aquatic organisms will likely deteriorate. 
 

2.2 Dungeness River Estuary and Coastal Zone Hydrology 

The following provide hydrologic data for the estuary and coastal zone, an area that is 
adjacent to the potential restoration site and could be affected by upstream changes (natural 
or project-related). 
 

2.2.1 Estuary boundary and extent of tides 

The estuarine portion of the Dungeness River extends from the seaward shoreline of the 
river delta upstream to the limit of tidal influence. Based on available tide and wave data 
discussed below the upper limit tidal influence is elevation 11.7 ft MLLW (12.8 ft NAVD 88). 
The lowest elevation within the site is about elev. 20 (NAVD 88).  Also see discussion of 
coastal flooding in USBR 2002, and USBR 2007. 
 

2.2.2 Fresh water inputs. 

The primary freshwater input into the system is the Dungeness River. Ancillary freshwater 
inputs include drainage ditches and groundwater flow. Refer to the above sections on 
existing studies describing freshwater availability. 
 

2.2.3 Tidal datum.  

The tide at the Dungeness River mouth is mixed and exhibits the diurnal inequality typical 
of the Pacific Northwest Coast. Review of available tide gauge information indicates that the 
Port Townsend gauge (9444900) is most representative of the tides at the project site. Table 
2-2 lists the U.S. National Oceanic and Atmospheric Administration (NOAA) published tidal 
datum plans at Port Townsend station 9444900.  
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Table 2-2. Tidal datum relationships relative to MLLW. 

Datum  Elevation (ft.) 

MHHW 8.52 

MHW 7.94 

MTL 5.17 

NHVD29 4.76 

MLW 2.49 

NAVD88 1.11 

MLLW 0 

 

2.2.4 Storm surge 

 FEMA(2001) performed a correlation analysis between historical high still water levels and 
their concurrent wind velocities for both the Port Angeles and Port Townsend gauges. The 
results show the wind magnitude associated with the high still water levels are significantly 
lower than the peak wind magnitudes that have historically occurred during lower still 
water levels. This leads to the conclusion that there are two potential flooding sources, high 
still water levels due to surges associated with Pacific Ocean storms and flooding due to 
waves and surge from high wind events. 
 

2.2.5 Tidal flood statistics 

Table 2-3 lists the return intervals of extreme water levels for the Port Townsend gauge due 
to tide and storm surge. Subtract 1.11 feet to convert to NAVD 88. 

Table 2-3. Extreme water level return period. 

Return Period 
(Years) 

Elevation (FT, 
MLLW) 

100 11.7 

10 11.3 

2 10.72 

1 9.71 
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2.2.6 Wave climate 

 Wave conditions in the Strait of Juan de Fuca are a combination of ocean waves originating 
in the North Pacific and locally generated wind waves.  The Dungeness Spit shelters the river 
delta from ocean waves propagating down the strait therefore the wave climate at the delta is 
controlled by locally generated wind waves. Johannessen et. al (2011) calculated the 50-year 
return period wind velocity from the direction of largest fetch (northeast) to be 
approximately 34 mph. Using methods presented in the Coastal Engineering Manual USACE 
(2001)  the corresponding 50 year return period wave conditions are a wave height of 3.8 ft 
with a period of 4.2 seconds. The primary impact of waves at the delta is the easterly 
longshore sediment transport and barrier spit propagation. 

2.2.7 Sea level rise 

Projected sea level change was calculated per the guidance in U.S. Army Corps of Engineers 
Regulation ER 1100-2-8162 for low, intermediate and high sea level change scenarios for the 
Port Townsend tide gauge. Table 2-4 indicates that the range of projected sea level change 
over the next 50 years varies from approximately 0.5 to 2.5 ft. Figure 2-3 shows the historic 
linear trend of sea level change at the Port Townsend gauge.   

Note that the average site elevation (20 ft NAVD 88) is about 9 feet above the coastal BFE, so 
even under the high sea level change scenario, site conditions will likely be insensitive to sea 
level rise. Because the banks are high at the downstream end of the project, the river is fairly 
steep and river flood stages significantly exceed maximum coastal flood elevations even 
under the high sea level change scenario, aggradation resulting from sea level change is not 
expected to be significant within the project bounds. Downstream of Anderson Road bridge, 
sea level rise could cause the river delta to retreat landward, groundwater elevations to 
increase, and deposition rates to increase due to the base level change. An uncertainty with 
sea level change is the extent of the influence on the groundwater table. Modeling is 
necessary to determine if groundwater elevations near the project would be affected by rising 
sea levels. Because the site is about 10 feet higher than the nearby estuarine marshlands it is 
unlikely that groundwater would be significantly impacted.   

 

Table 2-4. Projected sea level change at Port Townsend, WA 

Projected Sea Level 
Change after 50 years (in 

feet) 

Low 0.46 

Medium 0.94 

High 2.44 
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Figure 2-3. Historic sea level change at Port Townsend, WA 
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2.3 Dungeness River Hydrology 

Streamflow has been measured on the Dungeness River since 1898, however the record is 
discontinuous (Table 2-5). Three stations have been used to measure discharge. The longest 
running station (12048000) is located at river mile 11.8 (drainage area 156 mi2) and 
maintained by the USGS. Since 1999, the WA State Department of Ecology has measured 
continuous discharge near the old USGS gage site (12049000) at the Schoolhouse Bridge (RM 
0.7, drainage area 197 mi2  Gage ID 18A050,).  
 
For this study USACE reviewed and summarized existing studies, and recomputed the daily 
flow duration and peak flood frequency statistics for the gage near Sequim. In addition, a 
comparison of peak discharges for the last 11 years was conducted between the two gages 
and compared with estimated peak discharges using USGS Regional Regression transfer 
techniques. Relevant figures and data from previous studies are provided in Appendix HH-1.   
 
Hydrology for the period of record up until 2002 is well documented in the USBR Report for 
the JST  “Physical Processes, Human Impacts, and Restoration Issues of the Lower Dungeness 
River”. Information in this report was updated in 2007 by the USBR and USACE has updated 
the flood frequency and flow duration statistics as part of this effort.  
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Table 2-5 Streamflow gages in the Dungeness River basin 

 
 
 
 
2.3.1 Daily Discharge Summary  

Daily streamflow trends are discussed in detail in the 2009 DRCFHMP, and USBR 2002. 
Generally the basin streamflows are characterized as having two high runoff periods (late 
fall/early winter & late spring/early summer with low flow periods in March and later 
summer.  
 
Typical late summer streamflows average less than 200 cubic feet per second (cfs), while 
average winter flows in December through February are approximately 400 cfs. Peak 
sustained flows occur during snowmelt in May, June, and July. Average daily discharge is 382 
cfs, 33 in/year, 276,000 acre-ft (USGS 2008).  Daily flow exceedance values for the period of 
record at the gage near Sequim are provided in Figure 2-4 below and in Section 8 
(Supplemental Appendices HH-1).  
 
The USBR conducted an analysis of streamflow trends to see if upstream land clearing 
activities were associated with any significant changes in streamflow. No statistically 
significant trends were found for the Dungeness River mean daily flow records (1924-1930, 
1938-1998) that would indicate any long-term increase or decrease in mean daily flow values 
during periods of logging (USBR, 1999). This is likely due to the fact that many logged areas 
are high in the watershed and not directly adjacent to the river channel. Although runoff is 
increased locally at the logged site, other vegetated areas intercept the runoff thus reducing 
the concentration of flow prior to it reaching the river. 

USGS Gaging 
Station No. Station Name 

Drainage 
Area (mi2) River Mile Period of Record 

Maximum 
Discharge and 

Date 

Maximum Unit 
Discharge 

(ft3/s/mi2) 

12048000
Dungeness River 

near Sequim 156 11.8
06/1923-09/1930, 
06/1937-present 

7,610 ft3/s, 7 Jan 
2002 48.8

12048500

Dungeness River 
below Canyon 

Creek near Sequim 170 10.8 07/1897-07/1898 
2,950 ft3/s 
11/18/1897 17.4

12049000

Dungeness River at 
Dungeness 
(Sequim) 197 0.7

07/1898-12/1901, 
1999-Present

7,540 ft3/s 
12/20/1900 38.3
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 It has been reported by others (DRCFHMP, 2009) that the river basin hydrology has been 
dramatically altered by an irrigation system initiated in 1896, and an estimated 173 miles of 
canals and ditches spread Dungeness River water throughout the lower watershed area. Since 
1993, water conservation projects have been implemented on the irrigation system to reduce 
the impacts of water withdrawal on instream flows. Projects include piping, lining ditches, 
replacing siphons, and outreach. The Washington Department of Ecology maintains a 
network of streamflow gages on the main irrigation canals and at the Schoolhouse bridge 
(Figure 2-1). Studies of aquifer recharge, water re-use, and the development of a water 
exchange have been occurring in 2007-2009 (DRCFHMP, 2009). 
 

2.3.2 Dungeness River Basin Water withdrawals  

Per the USBR (2002) “The first irrigation canal was completed on May 1, 1896 by the Sequim 
Prairie Ditch Company (Dungeness Community Web Site: www.dungeness.com/index.htm). 
It was 2 mi (3.2 km) long and capable of irrigating 3000 acres (12 km2) of land. Also in the 
1890s, a fish hatchery was built near RM 10.5 at Canyon Creek to sustain salmon populations 
for harvesting. Today there are more than 97 mi (156 km) of irrigation ditches which could 
irrigate up to 23,000 acres (93 km2) and the fish hatchery is still in operation. Around 11,000 
acres (45 km2) are actually irrigated each year: 3,300 acres (13 km2) of commercial farmland; 
4,400 acres (18 km2) on small farms; and 3,000–4000 acres (12 to 16 km2) of lawns and 
gardens. Most of the water for irrigation use is diverted directly from the river from May 
through September. Irrigation diversions are located on the west bank of the river at RM 
11.2 and RM 7.2, and on the east bank at RM 10.7, 8.9, 8.5, and 6.9 (Northwest Hydraulic 
Consultants, 1987). Withdrawal from ground-water wells for domestic use occurs year-
round.” 
 
“Irrigation has increased ground-water recharge and has created an artificially high water 
table (Thomas et al., 1999). However, since the late 1970s, the population of the Dungeness 
River valley has increased 250 percent (Drost, 1960, 1983; Thomas et al., 1999). Whereas 
agriculture needs dominated water use before the late 1970s, residential needs are now 
primary (Thomas et al. 1999). Therefore, withdrawals directly from the river for irrigation 
have been decreasing and withdrawals from ground-water wells have been increasing.” 
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“The mean-daily flow duration curve was used to determine the probability of occurrence of 
the recommended instream flows developed for the lower Dungeness River downstream of 
the irrigation diversions (Hiss, 1993) The recommended flow of 575 cfs for November to 
March has been exceeded 13.6 percent of the time (England, 1999). The recommended flow 
of 475 cfs for April to July has been exceeded 48.6 percent of the time. The August to 
October recommended flow of 180 cfs has occurred on a daily basis (100 percent of the 
time).” Mean daily flow duration statistics by month are provided in Section 8, Supplemental 
Appendix HH-1, USBR 2002, and in the USGS annual data report for the gage near Sequim 
(USGS 2008). 
 

  
Figure 2-4 Daily Flow Exceedance values for Dungeness River near Sequim for the period of 

record 
 
The Washington Department of Ecology adopted the Dungeness Water Management Rule in 
January 2013 to address the water supply challenges of the Dungeness which include 
maintaining adequate instream flows for fish while maintaining existing water rights.  The 
Rule does the following: 
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• Sets instream flow levels for the watershed which are water rights for the 
Dungeness River and its tributaries. The instream flow levels support year-
round habitat needed to sustain fish populations listed as threatened under 
the Endangered Species Act. 

• Closes or seasonally closes the Dungeness River and streams to future new 
withdrawals of surface water. 

• Plans for water storage projects.  

• Requires measuring of new groundwater withdrawals.  

• Establishes reserves of water for future domestic (household) uses to ensure 
that new water uses will be available.  

• Restricts new groundwater withdrawals that would affect already depleted 
surface waters. 

• Requires mitigation for new consumptive uses of water, meaning new water 
uses must be offset. 

 
In conjunction the Washington Department of Ecology has requested grants from the State 
legislature to fund project that will restore flows and mitigate withdrawals from the 
Dungeness River and tributaries, including: 

• Shallow groundwater aquifer recharge. 
• “Source substitution” which is substituting groundwater for surface water for 

late-season irrigation supply. 
• Developing off-stream reservoirs for water storage. 
• Purchasing or leasing primarily late-season water rights to generate mitigation 

or restoration water. 
 
 
2.3.3 Dungeness River Basin Peak Streamflow and Flooding 

As seen in the daily discharge summary figure above, two periods of high water and potential 
flooding occur on the Dungeness in any given year, with the largest floods tending to occur 
in the November through February period, when warm winds and heavy rains associated 
with atmospheric rivers of sub-tropical origin produce high intensity rainfall and potentially 
snowmelt. In some years, rain flooding is infrequent, and the largest floods of the year occur 
in the summer, driven by higher temperatures and snowmelt. Given its relatively small basin 
size, rainfall driven floods on the Dungeness have short durations, with a rapid rise, a peak 
lasting hours, followed by a rapid recession.  Spring snowmelt floods have lower peaks but 
can occur over several days (Section 8, Supplemental Appendix HH-1).  
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For this study, USACE updated the flood frequency statistics for the gage near Sequim 
(12048000) for the period of record (from 1924 through 2012). An updated peak flood 
frequency analysis was performed using the methods of Bulletin 17-B using the HEC-SSP 
software (Appendix HH-1). Review of the ranked discharge data indicates there are several 
years when the annual peak flow did not exceed 1000 cfs, perhaps indicating the effect of 
upper basin snowfall and lower basin rain shadow effects.  The 50% annual exceedance 
probability discharge (2-year event) is estimated to be 3,090 cfs, whereas the estimate for the 
100-year event is 8,800 cfs. The largest recorded flood to date at the gage near Sequim is 
January 7, 2002, where a peak discharge of 7,610 cfs was recorded. Significant flood damages 
occurred along the river, including damage to several levees and houses in the floodplain. 
The Federal levee was not overtopped however. Descriptions of flood damages from recent 
floods are provided in the 2009 DRFHCMP. 
 
Per the DRFHCMP “Floods in the Dungeness River differ in their impact depending on the 
instantaneous flow (measured as peak flow in cfs) and on the duration of relatively high 
flows (measured as mean daily flow in cfs) and also as the volume (in total acre-feet) 
delivered during the event. High flows that appear by one measure to be significant are not 
necessarily highly damaging. For example, the highest instantaneous peak flow on record 
occurred in January, 2002 at 7,610 cfs. However, it is only the third largest daily mean flow 
event and only the 11th largest flood event in terms of acre-feet of water delivered.” Table 2-7 
below shows the peak flood frequency estimates based on the USGS stream gage (12048000).  
 
Since 1999, the USGS has measured flows at the long period gage (12048000) and the WA 
Dept of Ecology at the gage near the mouth (station 18A050) across the river from the old 
USGS site 12049000 at the Anderson Road bridge upstream of the river mouth). Inspection of 
the annual peak data appears to strongly suggest a non-intuitive negative correlation 
between distance downstream from the USGS gage near Sequim and peak discharge (that is, 
peak discharge at the mouth is lower than it is upstream at the USGS gage). Typically this 
condition can occur when the river has a broad floodplain which attenuates peak runoff by 
storing floodwater, however due to the steep relatively narrow floodplain, this condition 
does not apply to the Dungeness River.   
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To test if the decrease in peak discharge is related to natural attenuation we constructed an 
unsteady hydraulic model that spanned the river mouth to the gage at Sequim. Several years 
of data were routed from the gage at Sequim to the river mouth. Due to the steep valley and 
narrow floodplain very little, if any, attenuation was observed in the model. We concluded 
that the negative correlation between downstream distance and peak discharge is likely 
biased by a rating curve at the downstream gage that that lacks sufficient high flow 
measurements to provide reliable estimates when flows reach about 3,000 cfs, which 
corresponds roughly to the 50% annual exceedance probability discharge. We speculate that 
the river begins to scour its bed at the downstream gage as flows approach 3,000 cfs. This 
would result in under-reporting discharge for larger floods when the river is increasing 
conveyance through bed scour (stage would not increase as much as predicted by the gage 
rating curve). Not coincidentally the discharge of 3,000 cfs corresponds to the channel 
forming, or effective discharge estimated by the USBR in 2002 (see chapter 3) that is 
responsible for the majority of sediment transported in the system. We thus conclude that 
the rating curve at the downstream gage is unreliable for discharges in excess of 3000 cfs, 
however for flows less than this magnitude; the gage provides valuable data on the additional 
contribution of runoff between the gages.  
 
We then restricted the gage correlation analysis to annual peak data that fell within the 
range of physical discharge measurements and found that the strong negative skew in the 
local regression equation using all the measured peak flow data is eliminated, and in fact 
becomes positive so that the peak flows increase between the gages by about 5% which 
makes intuitive sense given the increase in drainage area between the gages of roughly 50 
square miles. Predictions of the peak 1% annual exceedance chance at the downstream gage 
vary from 7,250 cfs (local scale relationship using all data) to 12,170 cfs (USGS regional 
regression scale relationship). The local scale relationship appears to unreasonably scale 
down the flows whereas the USGS regional regression equation appears to unreasonably 
scale up flows. Applying the local scale relationship (restricted to the range of measured 
flows at the Anderson Road bridge) to extend the period of record, and then performing a 
Bulletin 17B flood frequency analysis results in a computed peak of 9,090 (rounded up to 
9,100 cfs in the hydraulic model) This compares well with previous estimates by the USBR 
(8,960 cfs, 1999 and 9,080 cfs, 2007).  This flood frequency curve was used to evaluate the 
current level of protection provided by the levee. 
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Since Matriotti Creek (drainage area 13 square miles) joins the Dungeness River within the 
project reach we evaluated the flood frequency statistics using the USGS regional regression 
equation since no peak discharge measurements are available.  The equation for region 2 was 
developed from adjacent watersheds on the Olympic Peninsula that have greater annual 
rainfall amounts than Matriotti creek which indicates that the equation likely over-predicts 
peak discharge. The USGS did measure discharge over a 30 year period at Ward Road. 
Measurements ranged from 7 to 23 cfs. The estimate for the 50% and 1% annual exceedance 
probability discharge provided by the regression equation is 80 cfs and 210 cfs respectively. 
Assuming 100-year  peak runoff at Matriotti Creek and the Dungeness are correlated but not 
coincident, we assumed that 100 cfs of the  9100 cfs peak estimated for the gage at Anderson 
Road originates from Matriotti Creek. 
 
For the design phase the following refinements to the flood frequency estimates are 
recommended:  

1. Separate out the fall/winter flood events from spring snowmelt events in the period of 
record 

2. Compare all high flow events resulting primarily from fall/winter flooding in the 
range of 1,000-3,000 cfs at the two gages to refine the scale relationship for the period 
of 1999 to present.  

3. Use the updated local scale relationship for flows less than 3,000 cfs to estimate peak 
flows for discharges in excess of 3,000 cfs at the downstream gage for the period of 
record restricted to fall and winter peak flow data. 

4. Recompute the annual peak flow frequencies estimated from the updated local 
regression equation using the methods of Bulletin 17-B. 

5. Consider building and calibrating a rainfall runoff model for the basin to estimate 
local runoff on major tributaries coincident with peak river flooding. 

6. Work with WA DOE and/or USGS to acquire real-time measurements of flow at the 
downstream gage when flows exceed 3,000 cfs. 
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Table 2-6 Peak discharge measured by WA DoE hydrologists at gage 12049000/18A050 

 

 
 
Table 2-7 Comparison of peak discharges reported at two gages on Dungeness River for period of 
1999-2012 
 

 
 
 

WY

Maximum Physcial 
Discharge 

Measurement for 
Water Year (cfs)

2000 1000
2001 130
2002 3000
2003 3000
2004 1500
2005 1800
2006 1000
2007 1600
2008 1200
2009 820
2010 1200
2011 1100
2012 1050
2013 900

Observed Observed Predicted

USGS near Sequim 
12048000

 (WA DoE) near 
mouth 12049000

USGS Reg. Regr. 
12049000

11 Nov 1999 3,490 3,400 4387
24 May 2001 938 883 1179

7 Jan 2002 7,610 6,280 9565
13 Mar 2003 3,330 3,080 4186
20 Oct 2003 5,920 5,240 7441
10 Dec 2004 3,620 3,140 4550
25 Dec 2005 3,090 3,000 3884

6 Nov 2006 2,530 2,670 3180
4 Dec 2007 3,690 3,670 4638
8 Jan 2009 2,350 2,620 2954

12 Jan 2010 3,900 3,800 4902
12 Dec 2010 5,820 7315
23 Nov 2011 2,220 2550 2790
30 Nov 2012 1,840 1960 2313

Date of Flood Peak
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Figure 2-5 Measured annual peak discharge comparison and correlation using annual peaks 

between 1999 and 2012 
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Figure 2-6 Measured annual peak discharge comparison and correlation using annual peaks 

between 1999 and 2012 restricted to flows in range of measured discharges at WA DoE gage 

used to scale recorded flows above 3000 cfs at WA DoE gage and to extend period of record 
for the years of 1924-1999 for Bulletin 17B analysis 
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Table 2-8 Bulletin 17B results for Dungeness River gages for period of record.  

 
Note – the downstream gage is representative of ERP site conditions. 
 
 

Bulletin 17-B results for Gage near Sequim (1204800), 1924-1930, 1937-2012

0.05 0.95
99 655 625 797 513
95 1091 1069 1265 911
90 1404 1386 1595 1206
80 1871 1860 2088 1652
50 3075 3075 3406 2780
20 4727 4747 5367 4230
10 5770 5814 6676 5102

5 6719 6797 7902 5874
2 7871 8001 9428 6792
1 8682 8862 10524 7428

0.5 9449 9684 11575 8022
0.2 10404 10725 12902 8754

Bulletin 17-B results for gage near mouth at Anderson Road (12049000/WA DoE 18A050 ) using local scale relationship

0.05 0.95
99 678 645 826 529
95 1141 1117 1324 951
90 1475 1456 1676 1265
80 1973 1961 2203 1741
50 3256 3256 3609 2942
20 5002 5023 5683 4474
10 6094 6140 7054 5386

5 7079 7160 8327 6188
2 8265 8398 9897 7133
1 9092 9274 11014 7781

0.5 9868 10104 12076 8384
0.2 10827 11147 13406 9119

CONFIDENCE LIMITSEXPECTED PROB. FLOW (CFS)COMPUTED CURVE FLOW 9CFS)% CHANCE EXCEEDANCE

% CHANCE EXCEEDANCE COMPUTED CURVE FLOW 9CFS) EXPECTED PROB. FLOW (CFS) CONFIDENCE LIMITS
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 Figure 2-7 Balanced hydrograph for gage near Sequim for event simulation 
 

2.3.3.1 Future Without Project Flood Conditions  

To address the qualitative analysis required in ECB-2014-10 (USACE 2014b) we reviewed 
projections of basin scale changes in temperature, precipitation, and runoff prepared by the 
UW Climate Impacts Group (UW CIG 2009) for the State of Washington.  The report 
provides information on potential hydrologic changes throughout the State of Washington 
including the Dungeness River based on a coupled simulation of climatic and hydrologic 
conditions under the A1B and B1 emission scenarios through 2080. 
 
The hydrologic regime of the Dungeness River is expected to shift from transitional 
rain/snow dominant to rain dominant (Figure HH-1-2). While air temperatures are expected 
to increase to the stressful range the impact on stream temperature does not appear as 
significant, indicating temperature conditions should still be in the favorable range for 
salmonids on the Dungeness (Figure HH-1-3) which indicates the Dungeness could be a 
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refuge for salmonids despite predictions of worsened conditions in other rivers. Precipitation 
is predicted to decrease in winter, summer, and increase in the fall. Both increases and 
decreases are predicted in the spring (Figure HH-1-4). The predicted magnitude of the 20-
year flood under future warming conditions may increase relative to current conditions by 
1.1 to 1.7 times depending on the time horizon and warming scenario (Figure HH-1-5).  
 
Extrapolating the UW CIG predicted average increase in the 20-year peak (1.4) times to the 
current median 100-year flood peak (9,100 cfs)  at the project site suggest the current peak 
could increase to 12,740 cfs which falls within the confidence limits of the 500-year (0.2% 
exceedance chance) event. Similarly, the annual exceedance probability of experiencing a 
levee capacity flow (about 9,000 cfs), could increase from 1.5% under current conditions to 
7% by 2080, assuming current riverbed elevations remain unchanged. 
 
Also, per the DRFHCMP, 2009 “Predicting future flooding is very difficult due to changing 
trends for temperature, precipitation, and runoff in the region. Records have been 
maintained at the USGS gaging station for approximately 80 years (1899-1901, 1924-1930, 
1938-present). The largest peak flow recorded was experienced in 2002, at 7,610 cfs. Other 
very large flows were experienced during periods of no gaging, and may have been as large. 
It might be reasonable to base future estimates of likely maximum flood levels on this past 
record, were it not for the measured change in climate and snowpack experienced in the area 
in the last several decades. Climate models indicate the likelihood of more frequent high 
magnitude storm events, with consequences for flood levels and frequency. Apart from 
evidence for global warming, there is localized evidence in the flow record that the 
Dungeness River does not enjoy some, “steady state” condition but varies widely across a 
range of peak flood values. England (1999) estimated that the 95% confidence limit on the 
100-year flood that could be experienced on the Dungeness River is 11,400 cfs, substantially 
higher than the 2002 flood of record. Floods at that level would redefine the entire river 
morphology and would likely overtop many existing flood structures. It is therefore even 
more important to focus on reducing susceptibility to flooding by emphasizing funding 
efforts on removing or relocating residences and other structures from the floodplain and on 
restoring natural river processes.” 
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2.3.4  Ground Water and its influence on the Project Area 

Per USBR 2002 “In the lower Dungeness River, ground water and surface water are closely 
related. Drainages connected or adjacent to the Dungeness River have two different primary 
sources of flow - dependent upon their size and the location of their headwaters (Thomas et 
al., 1999). The larger drainages begin in the Olympic Mountains and foothills and their flow 
is primarily from snowmelt and precipitation. Examples of this type of drainage, other than 
the Dungeness River itself, are Siebert Creek and McDonald Creek (see Figure 1). In these 
drainages, flows are highest in the winter and spring. The smaller drainages begin in the 
lower foothills or piedmont and their flow is primarily from groundwater recharge and 
irrigation tailwaters. Examples of this type of drainage are Bell Creek, Cassalery Creek, 
Gierin Creek, Hurd Creek, and Meadowbrook Creek (see Figure 2-1. The flows in these 
drainages are relatively constant throughout the year.” 
 
The USGS and WA DOE conducted a groundwater seepage investigation for the Dungeness 
River between September 1999 and July 2001. (USGS 2002). The investigation spanned the 
lower 12 miles and directly measured groundwater and surface water stages, and river 
discharge. The river was divided into 5 study reaches. Study reach 5 spans the USACE 
restoration project. Between RM 11.8 and 3.6 the river primarily loses water to subsurface 
aquifers. Near the upstream end of the USACE levee (USGS Reach 5) the groundwater and 
surface water elevations were nearly identical, with a slight downward gradient. At the 
downstream end of the levee the USGS installed monitoring wells on the west side of the 
floodplain upstream of the glacial bluff, and downstream of the bridge on the east floodplain. 
The water levels had a slight upward gradient at this location (gaining reach) with a slope 
from west to east. USACE presumes that the presence of the glacial bluff at the Schoolhouse 
bridge acts as a groundwater dam, and forces shallow groundwater to the surface. If 
groundwater modeling is necessary in the design phase this will need to be confirmed. See 
Figure 2-8 below. Maps showing gaining and losing reaches are provided in Section 8, 
Supplemental Appendix HH-1.   
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Figure 2-8 – Groundwater surface water interaction near north end of restoration site 

between summer 2000 and summer 2001 (source: USGS 2002). 

This figure shows how groundwater elevations upstream of the Anderson Road bridge 
(Schoolhouse bridge) varied in wells adjacent to the river where restoration is proposed. 
Each profile shows the cross channel profile, the brown line is the ground surface, the river 
channel is the u-shaped depression in the middle of the cross section and the blue is the 
groundwater/surface water elevation as inferred from the wells and surface water 
observations. Note that the water elevations in the wells are generally higher than the river 
in fall and winter, and about equal to the river in other times of year. Upstream of this 
location between the Beebe Levee and Federal levee where aggradation rates are highest, the 
USGS documented a consistent trend of losses of surface water to the lower aquifer. 
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During the USACE site visit in fall 2011, the river was flowing at a stage slightly higher than 
baseflows, but the adjacent fields behind the levee were wet in nearly every depression 
encountered. It is likely that seepage from the Dungeness River is the source of much of the 
water observed within the proposed restoration site near the backside of the levee. Given the 
likely year-round saturated conditions along Meadowbrook Creek to the east just upstream 
of Sequim Dungeness Road, it is possible that the geologic unit observed at the Schoolhouse 
bridge extends eastward and is also preventing infiltration of surface water and groundwater.  
Due to the relatively large size of the aquifer that may be contributing flow to the wetlands 
adjacent to Meadowbrook creek and the relatively dry local climate, it is likely that localized 
rainfall runoff contributions from the project footprint represent a small fraction of total 
water entering Meadowbrook creek and flowing to downstream coastal wetlands. 
 
A recently completed wetland mitigation project by WSDOT decommissioned agricultural 
tile drains and ditches, resulting in increases in the water table and likely increases in surface 
flow to Meadowbrook Creek (WSDOT 2012). This project was designed with anticipation of 
the levee setback project to the east side of the mitigation site. 
 

2.3.4.1 Future without project conditions 

 
The Jamestown S’Klallam Tribe and Clallam County began acquiring lands and planting the 
former pasture lands in the early 2000s. As these trees mature they will begin to consume 
shallow groundwater that would otherwise flow toward the river or Meadowbrook Creek 
which would cause the water table behind the levee to go down, provided that river 
aggradation does not continue. In the most likely future scenario, river aggradation will 
continue, which will increase seepage rates under the levee, and limit the colonization rate 
of trees within the site. Species such as pacific willow and cottonwood which are hydrophilic 
will likely proliferate, which could eventually result in some seasonal drawing down of the 
local groundwater table if the site becomes dominated by mature trees. 
 
Groundwater elevations that have been increased locally due to WSDOT Mitigation project 
will likely remain elevated however as trees mature they will absorb an increasing 
percentage of local runoff and less will flow to Meadowbrook Creek. 
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2.3.4.2 Future with project conditions 

It is unknown at present what portion of the flow in Meadowbrook Creek originates within 
the project footprint. If the groundwater table is higher than the river then constructing a 
setback levee is not likely to significantly alter flows in the mainstem (may increase them 
slightly). As the presence of shallow groundwater connected to the river could pose seepage 
issues for levee proposals, it is likely that any restoration efforts could benefit from additional 
observations of groundwater levels and stratigraphy near the proposed levee footprint.  
Groundwater surface water interactions may need to be modeled in more detail to support 
geotechnical design especially if conditions are expected to remain wet along the levee 
footprint. The compaction of the levee foundation is likely to disrupt the flow of shallow 
groundwater, diverting it into constructed channels that drain back to the river, however 
due to the presence of lenses of noncohesive gravels and cobbles, the levee is not likely to 
block all seepage pathways from the site toward Meadowbrook Creek. Loading of the levee 
prism during major flood events could increase seepage of these lenses. It is expected that the 
geotechnical exploration and analysis performed in design will address seepage concerns.  
 
The provision of drainage channels within the restoration site will facilitate local lowering of 
the groundwater table as shallow groundwater daylights along the channel banks (and as 
vegetation establishes), however seasonal high water events and future aggradation may 
increase recharge rates and offset expected lowering. 
 
 

2.4 Local Hydrology 

 
At present the 120 acres of pasture behind (east) of the existing levee within the Project 
Sponsor acquired real estate boundaries is pasture with a relatively flat slope, dipping to the 
north and east toward Meadowbrook creek, which is a former distributary channel of the 
Dungeness River. Numerous groundwater seeps occur between RM 1.7 and RM 1.1, due to 
construction of an 18-inch diameter culvert through the levee to maintain a duck pond. 
Drainage ditches convey surface water in these ponds along local access roads toward Towne 
Road, and further east to Meadowbrook Creek. Meadowbrook Creek winds through the 
town of Dungeness and feeds coastal wetlands before joining Dungeness Bay less than a half 
mile from where the Dungeness River outlets.  
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During the October 2011 site visit, it was noted that a tile drain was discharging to the ditch 
running parallel to the project sponsor south property line. It is unknown how many 
additional tile drains may be present within the project site. East of Towne Road, much of 
the pasture area is considered a wetland (Section 3.5, DPR-EA Figure 4-7). During base flow 
conditions, standing water was present in the middle of the pasture, and the width of water 
flowing in Meadowbrook creek was at least 10 feet wide. Conditions became progressively 
wetter toward the northeast corner of the site where Meadowbrook Creek passes under 
Sequim-Dungeness Way. 
 
Riverbed aggradation appears to contribute to high groundwater elevations within the site as 
hydraulic gradients measured along the upper portion of the USACE levee are negative 
(going onto the ground) but positive (emerging from the ground) at the downstream end of 
the levee (USGS 2002).  The emergence of groundwater near the downstream end of the 
project may be related to the presence of a relatively impermeable outcrop of glacial till at 
the north end of the site. Much of the wetlands are localized within 350 feet of the levee, in 
forested ponds that have occupied relic side channels.  
 

2.4.1 Rainfall runoff  

The project footprint encompasses approximately 120 acres, including the existing levee, 
Towne Road, and properties acquired to date by the Local Sponsor. Drainage ditches 
generally follow property lines and Towne Road. Meadowbrook Creek conveys groundwater 
and surface water along the eastern border of the potential restoration project boundary 
through the town of Dungeness and the adjacent delta wetlands.  
 
As part of this investigation USACE constructed an uncalibrated WWHM3 (WA DOE, 2006) 
runoff model of the site to provide a first cut of overland runoff potential for existing 
conditions. Model input and output data are provided in Section 8 (Supplemental Appendices 
HH-1). The total 2-year recurrence interval peak discharge from the site is 0.8 cfs, while the  
 
Total 100-year recurrence interval peak discharge  is 1.7 cfs. Due to the low precipitation 
rates, and flat terrain slope of the pasture lands within the restoration site, estimated runoff 
rates are low, although the base flow rate of about 0.1 cfs is estimated. On an average annual 
basis it is possible that that the annual rainfall runoff computed by the WWHM3 model 
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could equal 140 acre feet per year (equivalent depth of 15 inches), which is approximately 
equal to the average precipitation for Sequim.  Given the locally elevated ground water table 
it is likely that much of the infiltrating rainfall ends up in Meadowbrook Creek instead of 
infiltrating to a deeper aquifer, however for water running off into closed depressions near 
the Federal Levee, the shortest path hydrologically would be for runoff to infiltrate under 
the levee back to the river.  Runoff estimates are likely a conservative as the rain gage used in 
the analysis is located in Port Angeles, with a reduction factor applied for local conditions. 
As the site converts to forest from fallow pasture, trees will absorb an increasing percentage 
of local runoff and less will flow to Meadowbrook Creek. 
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2.4.2 Levee drainage 

The Federal Levee was constructed with four 24-inch corrugated metal pipe culverts with 
seep collars and flap gates to drain local runoff behind the levee back to the Dungeness River 
(Section 8, Supplemental Appendices HH-2). Three of these culverts are within the project 
vicinity. Near the downstream end of the levee (north of the Restoration project) where the 
levee intersects an old swale, an 18 inch pipe was placed through the levee without a flap 
gate, to provide continual drainage to the river from Meadowbrook Slough to maintain 
conditions for a wild duck refuge and to prevent unsanitary conditions from developing due 
to local drainage of septic systems into the slough. At the upstream end of the levee (Station 
131+00), where an agricultural ditch/aqueduct crosses under the levee, adjacent to the river, 
a 24 inch culvert with a slide gate was installed to prevent uncontrolled flooding. 
 
In the 2010 Inspection Report (USACE 2010) it was noted that the irrigation culvert intake 
structure near Station 131+00 (DRWA0001) has been rebuilt recently. No drawings were 
provided by the USACE or local sponsor for this work. Two of the culverts shown on the 
as‐built drawings have also been modified. The 18‐inch culvert near Station 19+00 
(DRWA0046) now has a slide gates at both ends and on the landward side is discharging to 
an irrigation ditch (flow is draining from river into interior area). The 24‐inch culvert near 
Station 34+00 (DRWA0033) (located at north end of the restoration site) now has a duckbill 
gate (DRWA0065) on the riverward side outlet and a flap gate DRWA0064) on the landward 
side inlet. The as‐built drawings show only a flap gate on the riverward side. It was noted in 
the USACE inspection report dated March 16, 2005, the County replaced the flap gate with a 
duckbill gate. No other mention or documentation was provided by the USACE or local 
sponsor concerning these modifications to the culverts. The 2010 inspection report noted 
unacceptable conditions for multiple flap gates due to accumulation of sediment and 
vegetation.  
 
The USACE inspection reports for the Dungeness levee system (1995 to 2009) include several 
references to increasing siltation in the channel. In response, one or more property owners 
have excavated sediment traps within the project area. One inspection report referenced the 
construction of ramps to allow access for heavy equipment; no details were given.  
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2.5 Summary of Future Without Project Hydrologic Conditions in 
Dungeness River Watershed 

Watershed conditions affecting hydrology that may reasonably be expected to change in the 
future include: 

o Continued population density increases in the lower 10 miles of the watershed 
may result in loss of agricultural groundwater recharge, increased stormwater 
runoff, water withdrawals, and degradation in water quality. 

o Ongoing occasional timber harvest on National Forest lands above RM 10 to the 
ONP boundary. Intermittent road washouts during floods will likely continue. 

o Hardwood floodplain forest maturation in lower river and conversion to conifer 
dominated stands where topography and hydrology allow. 

o Continued episodic flooding and bank erosion, and lateral migration of the river 
and side channels, potentially at increased frequency and magnitude due to global 
climate change. 

o Global climate change is likely to have a significant effect on temperature and 
precipitation of the Olympics which will result in alterations to hydrology 
(precipitation timing, magnitude, type) and vegetative landcover through the 
Dungeness basin.   

o Localized impacts predicted in modeling by the UWCIG include reduced 
snowpack and snowmelt runoff in the spring and summer, increasing rainfall 
runoff in the fall and winter, changes in precipitation patterns, timing, and 
intensity which could increase or decrease flooding depending on the season. 
Additionally air temperatures in the summer and fall are expected to increase due 
to reduced water availability and increases in surface air temperatures, however 
the modeling did not indicate water temperatures would degrade below their 
currently favorable condition. 

o Loss of forest stands due to disease and fire caused by climatic and precipitation 
shifts may increase runoff during flood events. 
 

2.5.1 Future Without Project Hydrologic Conditions Within and Adjacent to 
the Project Footprint 

This section summarizes hydrologic conditions expected within the project site, without 
restoration. 
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o Under existing conditions, during the design flood event, it is possible that the 
levee could be overtopped, and flow would leave the main channel causing 
widespread flooding along the lower reaches of Meadowbrook Creek.  

o Without construction of a restoration project, no change to local drainage patterns 
is expected, although it is likely that discharge rates from the project site into 
Meadowbrook Creek could increase over time as the river bed continues to 
aggrade.  

o If the levee remains in a degraded condition due to deferred maintenance, it is 
possible that seepage rates around the drainage culverts into the site could 
increase over time. 

o If the river were to breach the levee during a major flood event, conditions 
throughout the site would be significantly affected, as the river would supply a 
large volume of coarse sediment, organic material, and water to the low lying 
pasture areas. This could result in significant alterations in local drainage patterns 
and hydrology. 

o Reductions in average annual streamflow will likely be associated with a reduced 
groundwater table, however, it is theorized that continued aggradation and 
confining geology will continue to force available groundwater to the land surface 
within the project site, given its low elevation.   

o Sea level rise will push the head of tides up valley, likely resulting in increased 
deposition and channel migration as the delta fan is pushed landward toward 
Schoolhouse road. Due to the steepness of the channel the influence will not be 
widespread or significant within the project reach. Intrusion of salt water 
landward is not likely to have significant effect within the project reach due to the 
average site elevation being above elevation 25 and the presence of the dense till 
outcrop on the northern boundary of the site. 

o Future increases in sea level or flood discharge or frequency could result in 
abandonment of the floodplain (benefit to ecological processes) or construction of 
flood mitigation measures (dikes, raised road, houses, pump stations) which may 
degrade local ecological processes. 
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2.5.2 Future With-Project Hydrologic Conditions 

This section summarizes hydrologic conditions expected within the project site, with 
restoration (setback levee). 

o Surface water and groundwater availability within the restoration site will likely 
increase significantly throughout the year due to construction of a setback levee 
due to a majority of the site being lower than the existing river channel. Efforts to 
construct and naturally maintain channels and ponds will not be hindered by a 
lack of water. Arguably due to the depressed topography, and location within a 
aggrading reach of the river with a shallow groundwater table, the restoration site 
will become a large wetland complex, with ample groundwater exchange and will 
likely be a cold water refuge for salmonids during warm periods. 

o Restoration projects that involve construction of setback levees within the site 
that do not maintain existing drainage pathways (for normal drainage) will likely 
reduce streamflow in Meadowbrook Creek since positive drainage of the 
restoration site back to the Dungeness River is likely to be a design requirement, 
however the change in streamflow on Meadowbrook Creek is likely less than 
10%.  

o While the amount of rainfall runoff that may be redirected by a levee setback 
project can be estimated, the amount of groundwater that will be intercepted by 
the project proposals is currently unknown and will require groundwater 
modeling to determine. As the terminal points of the mainstem Dungeness River 
and Meadowbrook Creek are within one half mile of each other, separated by 
coastal wetlands, the total freshwater input to the delta is not likely to be 
significantly impacted. The impact of the project is further reduced by the fact 
that Meadowbrook Creek has a large catchment area (0.8 sq. mi.) and the project 
would redirect about only 8% of the tributary area to Meadowbrook Creek. 

o During flood events, water will be allowed to pond to depths potentially 
exceeding 8 feet adjacent to the setback levee. This is a significant change from 
existing conditions, where flows spread out across the fields until concentrating in 
swales, ditches and channels. During flood events, water may cross over Towne 
Road and be trapped between the road (local drainage divide) and the setback 
levee. This could create significant surcharge pressure on the local groundwater 
table. For this reason, and to reduce fish stranding risk, channels will be used to 
prevent long duration ponding near the levee. Note that deep ponding in this area 
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may result in increased flows on Meadowbrook Creek above historic conditions 
during large flood events on the Dungeness River. Future with project hydrologic 
conditions for wetlands north of the project site along Meadowbrook Creek are 
less certain as the wetlands are likely well adapted to a relatively steady supply of 
groundwater and surface water runoff, and changes to the supply posed by 
redirection of some portion of the total runoff could be problematic. With some 
effort in design, a groundwater model or water budget (conceptual or numerical) 
could be constructed to estimate how conditions under seasonal and flood 
conditions could change. This would inform the degree of potential impacts and if 
any mitigating measures, such as installing drainage through the levee to 
Meadowbrook Creek, would be necessary. 

o Sea level rise is expected to force groundwater to a higher elevation north of the 
project, which could partially offset local losses of flow due to redirection of water 
down the mainstem by a setback levee. Because much of the lands in the affected 
area are higher than the typical daily tide level (accounting for future sea level 
rise) and groundwater conditions have high uncertainty, the magnitude of the 
offset is speculative. 

o Continued aggradation upstream of the project will increase the gradient from the 
river to the shallow aquifer behind the levee tributary to Meadowbrook Creek. 
This groundwater flow toward Meadowbrook Creek could increase. 

o Climate change modeling of flood hydrology suggests damaging flooding will 
become both worse and more frequent. Because of the provision of a setback levee 
built to modern standards, the amount of flood runoff down Meadowbrook Creek 
during very large floods will be reduced relative to existing conditions. 
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3 GEOMORPHOLOGY OF DUNGENESS RIVER AND DELTA 

3.1 Overview  

This section describes the coastal geomorphology in relation to its influence on the river 
mouth which impacts flood conditions at the downstream end of the Federal Levee is 
presented in section 3.2. Work by others and the Corps regarding the river’s fluvial 
geomorphology is presented in section 3.3.  A synopsis of the geomorphology of the river is 
provided below, excerpted from the Dungeness River Comprehensive Flood Management 
Plan: 

The Dungeness River is a relatively small river that descends steep mountain canyons from 
the core rocks of the Olympic Mountains and flows into the Strait of San Juan de Fuca. It is 
an active high energy river characterized in its upper basin by steep unstable canyon slopes 
and high flow velocities. The upper watershed contributes gravel and large boulders as well 
as large woody debris downriver. Emerging from its upper watershed about eleven miles 
above its mouth, the Dungeness slows and drops its load of rock and sediment as it flows 
north through an extensive, flatter middle watershed and a broad lowland plain on its way to 
the ocean. Unconfined by canyon walls, the lower river meanders and has historically shifted 
channels dramatically during floods.  

The river channel in the lower basin is braided from about River Mile (RM) 10 to Ward 
Bridge (RM 3.2), with a shallow, wide (approximately 300 feet) channel, steep bed slope and 
non-cohesive bank material, primarily sand and gravel of glacial origin. The river meanders 
from south to north, and has not cut a deep canyon into the land surface. Below Ward 
Bridge, bed slope becomes more gradual and follows a single channel confined by dikes on 
both sides, with an active width of about 100 feet. The estuary fan of the Dungeness is quite 
broad and has migrated in a westerly direction over time. The current location of the river 
mouth is influenced by the existence of Pleistocene glacial outcrops which stabilize and 
constrict its flow in the vicinity of the Schoolhouse Bridge (Anderson Road). Further 
stabilization of the lowest river reach with levees constrains the delta to a single channel, the 
position of which varies and is influenced locally generated wind waves. 

Human activity within the Lower Dungeness River (RM 0.0 to 10.5) has altered natural river 
processes, and as a result, river morphology. The primary human activities responsible for 
river alterations are the construction of levees and riverbank protection, clearing of riparian 
and in-stream vegetation, construction of highway and railroad bridges, gravel extraction, 
clearing of in-channel wood accumulations, and water diversion. As a result of the natural 
topography and human influences, erosion, slope movement and sedimentation occur at an 
accelerated rate in the Lower Dungeness River, resulting in elevated levels of sediment load 
in the river and severe bed aggradation in the lowest river reach. 
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3.2 Coastal and Estuarine Geomorphology 

3.2.1 Estuary and Coastal Zone 

3.2.1.1 Estuary boundary and extent of tides.  

The estuarine portion of the Dungeness River extends from the seaward shoreline of the 
river delta upstream to the limit of tidal influence. Based on available tide and wave data 
discussed below the upper limit tidal influence is elevation 11.7 ft MLLW (10.6 ft NAVD88), 
which extends upstream to the first riffle downstream of Anderson Road bridge (RM 0.6). 

 

3.2.1.1 Local geology (adapted from NOSC 2013) 

The geology of the Dungeness river nearshore area is dominated by alluvial coastal plain 
dynamics. The current landscape has been evolving since deglaciation approximately 12,000 
years ago (Collins 2005). The glacial sediment has been worked and reworked throughout 
this environment. Erosion of glacial sediment in the uplands and upstream has deposited silt, 
sand, and gravel onto the coastal plain (Collins 2005). 
 
Deposition by the Dungeness River and subsequent incision and abandonment of at least 3 
paleochannels has contributed to the low elevation character and extensive alluvial deposits 
of this coastal plain (Collins 2005).  
 

3.2.1.2 Changes at the River Mouth over time. 

Figure 3-1 and Figure 3-2 from Collins (2005) (Figure 3-1 and Figure 3-2) show the evolution 
of the Dungeness River delta since 1942.  Red arrows indicate the westward accretion of the 
beach spit creating a broader estuary. After construction of an outlet channel between 1972 
and 1975, both east and west distributary channels have been abandoned.  Intermittent 
breaching of the beach spit has continued.  Collins’ work documents a westward movement 
of the active channel across the broad valley floor and abandonment of paleochannels. 
Meadowbrook Creek was the most recent paleochannel abandoned by the river. Collins 
maps document progradation of the River into the coastal zone as well. This is also visible in 
comparisons of modern LiDAR data with historical maps. 

 

The work of Collins was expanded upon by Coastal Geologic Sciences (CGS) and Cardno-
Entrix for the North Olympic Salmon Coalition (NOSC) to support restoration design work 
along the outlet of Meadowbrook Creek near 3 Crabs road just east of the river mouth. CGS 
summarized the wave climate, geology, geomorphology, and implications for restoration 
proposals under consideration by the NOSC. CGS notes that the nearshore by the river 
mouth is highly dynamic with high wave energy and high littoral transport rates. The spit 
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east of the mouth has an acretionary trend but has experienced periods of erosion.  The 
construction of the Federal levee is attributed to significant reductions in flow and sediment 
delivered to Meadowbrook Slough into the estuary. The diversion of sediment from its 
natural course has made the spit east of the mouth more vulnerable to breaching in coastal 
storms. This erosion is accelerated by a locally constructed groin at the north end of 3 Crab’s 
road. The report recommends removal of the rock groin protecting the old restaurant and 
other measures to improve tidal circulation in the coastal wetlands behind the Federal Levee. 
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Figure 3-1. Historical changes in the Dungeness River delta from 1942 until 1985. (Source: 

Collins, 2005) 
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Figure 3-2. Historical changes in the Dungeness River delta from 1994 until 2002. Source: 

Collins, 2005) 
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Figure 3-3. Decadal shoreline trends near mouth of Dungeness River  (source: NOSC/CGS 

2013) 

 

3.2.2 Summary of Future without Project Conditions in the Coastal Zone.  

The ongoing coastal processes including longshore sediment transport, beach spit breaching 
and associated channel migration will continue to shape the Dungeness River Delta. 
Projected Sea Level Changes of up to 2 ft in the next 50 years indicates that the zone of tidal 
influence within the river will increase over time however due to the steep slope in the river 
it is unlikely that this increase will significantly affect the project area. 

 

3.3 Dungeness River Fluvial Geomorphology 

3.3.1 Overview 

The Dungeness River and its tributaries drain about 200 mi2 (322 km2) and contain over 546 
mi (879 km) of river (Thomas et al., 1999). The upper part of the basin is located in Jefferson 
County while the majority of the lower basin is located within Clallam County (Figure 2-1). 
The largest tributary to the Dungeness River is the Gray Wolf River, which joins the main 
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stem near Schmith Knob at RM 16 and drains an area of 76 mi2 (122 km2). For the Lower 
Dungeness in the project reach, the largest tributary is Matriotti Creek which drains 13 mi2 
(21 km2). 

The headwaters of the Dungeness and the Gray Wolf River originate in the Olympic 
Mountains in Olympic National Park with the highest point in the drainage basin at 7,788 ft 
(2,374 m). 

The river and its tributaries flow through sedimentary, metamorphic, and volcanic rocks that 
compose the Olympic Mountains and adjacent foothills. At higher elevations, the drainages 
have incised steep, narrow canyons. The topography of the basin was modified by ice from 
the Cordilleran ice sheet, which extended southward from Canada and filled a drainage 
system that was probably similar to the present Dungeness River to an altitude of about 3,200 
ft (975 m) (Cady et al., 1972) extending up the valley to RM 30.The continental ice reached 
its maximum extent between about 14,000 years ago (Thorson,1980) and 17,000 years ago 
(Porter and Swanson, 1998). The ice left widespread deposits of loose, unsorted till that 
includes rocks foreign to the Olympic Peninsula. Remnants of the alpine glaciers from this 
period are still present in the cirques at the headwaters of the Dungeness River and its 
tributaries. 

Erosion by the Dungeness River following retreat of the ice sheet eroded much of the glacial 
and lacustrine sediments, but extensive glacial deposits remain in the lower main stem of the 
Dungeness, the Gray Wolf and the Gold Creek drainages (Cady et al., 1972; Tabor and Cady, 
1978). River slopes in the Upper Dungeness are often in excess of 3.8%. In contrast, the 
lower 10.5 mi of the Dungeness River flows on a gently sloping plain of glacial till and 
outwash that were deposited as the continental ice sheet retreated with channel slopes on 
the order of 1% (see Figure 3-4, below), which is considered steep. 

Figure 3-5 below (Collins, 2005) shows a reconstruction of the geology of the coastal plain of 
the Dungeness River from around 1850, before much of the present anthropogenic 
influences. The classification “Fdrf” denotes deposits from the Dungeness River fan. These 
deposits, together with older river fan deposits to the South Southeast, “Fodrf,” record that 
the ancient position for the Dungeness river mouth was east and south of its current location. 
The current position between two “Fgd” (glacial drift) outcrops appears to be relatively 
recent. It is significant to note that the river has in the past and could in the future reoccupy 
an alignment to the southeast of its current location if a large avulsion occurs. 
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Figure 3-4. Dungeness River Profile (Source: USGS Streamstats) 

 

Project Reach 
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Figure 3-5. Reconstruction of the geology of the Lower Dungeness River and estuary circa 

1850 (Source: Collins, 2005)) 

 

Project Area 
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Figure 3-6. Longitudinal Profile of the Lower Dungeness River. (Source: USBR 2002). Note that 
the reach designations above differ from those developed by USACE for this study, described 

below. 

 

3.3.2 Lower Dungeness River geomorphic reconnaissance (USACE 2013-2014) 

In summer 2013 the Corps performed a geomorphic reconnaissance from just above the 
Highway 101 bridge (RM 6.4) to the river mouth, documenting surface and subsurface 
grain size, prominent changes in channel type (morphology) and general conditions such 
as vegetative cover, presence of eroding banks, side channels, avulsions, and forcing 
features such as revetments and logjams. The purpose of the reconnaissance was to better 
understand the physical processes affecting sedimentation and channel migration 
upstream, downstream, and within the project reach. Maps of the data collected are 
shown Figure 3-16 and Figure 3-17. The study area was subdivided into 7 reaches. A 
summary of the observations and findings is provided below in the following sections.  
The reader is referred to Appendix HH-3 for details of the investigation. 
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Figure 3-7. USACE Dungeness River Geomorphic Reconnaissance Reaches, showing repeat 

bulk sediment sample sites. 
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Table 3-1: USACE Reach Geographic Descriptions and Extent 

 
Note that USACE reaches 1-3 correspond to USBR reach 1. USACE reaches 4, 5, and part of 6 
overlap with USBR reach 2, and a small portion of reach 6 and the entirety of reach 7 fall 
within USBR reach 3. 
 

3.3.2.1 Lower Dungeness River generalized geomorphic conditions 
between RM 0 and RM 6.4 (USACE 2013-2014) 

Observations from the 2013 reconnaissance are generalized by reach in Table 3-1 below by 
reach. Table 3-2 compares the reach average hydraulics and helps explain the differences in 
fluvial forms observed by reach. The geomorphic reach maps for reaches 1,2 and 3 are 
provided for reference in Figure 3-9, Figure 3-11, and Figure 3-13. Representative photo 
points within each reach are provided in Figure 3-10, Figure 3-12, and Figure 3-14. Refer to 
Appendix HH-3 for additional detail within these reaches and others upstream of the Federal 
Levee. The reach surface median sediment grain size  data from the visual grain size 
estimates (Figure 3-21), reach average slope, and bankfull discharge were used to validate the 
qualitative  channel pattern descriptions in Table 3-3 using the dimensionless slope 
thresholds of Eaton et al (2010), assuming that the channel banks and bed are equally 
erodible. 
 
From the reconnaissance data, review of aerial photos, LiDAR data, and previous work by 
others we found that the Lower Dungeness River is generally steep and straight, with low 
sinuosity. Consistent with the steep valley slope, bed material is coarse (gravel, cobble, and 
boulder) increasing with gradient. We observed that the river was most stable laterally in 
reaches 1, 2, and 3 where levees confine the river, but least stable vertically, with several 
indicators of aggradation (buried trees along the banks, transverse bars, buried in channel 
wood, plane bed conditions). Upstream where the river is steeper, wider, and unconfined the 

River Mile Reach Description

0.0 - 0.7 1
Extending from the mouth of the Dungeness River to Anderson 

Road Bridge. Constrained by levees on both sides.

0.7 - 1.5 2
Extending from Anderson Road Bridge to RM 1.5 where Matriotti 

Creek joints the main stem. Leveed on the right bank. 
(Encompasses most of the project reach.)

1.5 - 2.7 3 Extending from RM 1.5 to 2.7. Leveed on both banks.

2.7 - 3.3 4
Extending from 2.7 to Ward Road Bridge. Unconstrained on both 

banks.

3.3 - 4 5 Extending from Ward Road Bridge to Old Olympic Highway 
Bridge.

4 - 5.8 6 Extending from Old Olympic Highway Bridge to RM 5.8.

5.8 - 6.75 7
Extending from RM 5.8 to approximately 0.25 river miles 

upstream of Highway 101.
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river was quite active, with eroding banks, logjams, large bars, braiding commonplace. In 
reaches 4, 5, 6, 7 recent avulsions were observed where wood had forced meandering leading 
to chute capture and channel cutoff. Where unconfined the river can and does meander, 
however, the steepness of the valley appears to limit the meander amplitude. Based on the 
relative size differences in bed sediment observed upstream and downstream of the Old 
Olympic Highway bridge (upstream end reach 4) and extensive bank erosion occurring in 
the upstream unconfined reaches, they likely represent the principal sources for cobble, 
gravel and sand bedload supplied to reaches 1 through 4. Habitat quality was very high in 
reach 2, with several side channels and logjams observed. Habitat quality (based on 
frequency of large logjams, side channels, and pools) was relatively poorer in reaches 1 and 3; 
however the abundant salmon present in the river indicate the river supports large salmon 
runs. 
 
It is telling that reach 2 and 3 are exhibiting high rates of aggradation despite their relatively 
high depths and velocities experienced in floods. Note that the reach average slope decreases 
by nearly 2/3 by from Reach 7 to Reach 3 (1.2% to 0.4%), and the width to depth ratio by the 
same amount (100 to 30). The river will naturally deposit material due to the slope break 
however the high degree of confinement is likely pushing gravel and cobble further than it 
otherwise would be transported. Note that Eaton et al (2010) reports that the threshold for 
transition from single thread to anabranching occurs at a width to depth ratio of 50 to 53 for 
natural channels which is higher than the width to depth ratios observed in reaches 1 
through 4, despite the fact that the slope and grain size data for reaches 1 through 4 result in 
plotting positions in Figure 3-8 above the anabranching channel pattern threshold. This 
disagreement is likely due to the artificially low width to depth ratios created by the 
confining levees. 
 

Table 3-2. Reach average hydraulic and geomorphic data during bankfull flows (based on 

available HEC-RAS modeling, 2008 LiDAR, 2012 LiDAR, and 2013 channel surveys) 

 

Reach length (ft)
Avg bankfull 
width (ft)

Avg Bankfull 
Depth (ft) W/D ratio

Avg Bankfull 
velocity (ft/s)

Avg bankfull 
Shear Stress (psf)

Avg Bed 
Slope

1 4666 292 6.4 46 5.7 0.7 0.33%
2 3928 222 8.0 28 5.2 1.1 0.42%
3 5619 220 7.3 30 5.2 1.1 0.41%
4 4016 274 6.2 44 4.9 1.0 0.53%
5 3415 360 5.5 65 4.8 1.1 0.83%
6 9243 544 5.2 105 4.4 1.7 1.06%
7 4115 463 4.6 100 4.3 1.7 1.17%
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Table 3-3. Reach average geomorphic conditions observed in 2013 reconnaissance 

 
 
 

Reach
% confined 
left

% 
confined 
right

Controlling 
features

Channel planform 
description

Logjams/ 
wood/vegetation Sediment General Condition

Do
w

ns
tr

ea
m

 o
f p

ro
je

ct 1 50% 75% Rivers End Levee 
(LB), Federal 
Levee (RB)

Straight, single thread 
with short anabranch 
reach transitioning to 
tidal distributary 
cahnnel network. 
Locally braided near 
logjams.

Infrequent LWD except 
for RM 0.3. veg is willow 
and blackberry fill length 
of fed levee. Left bank 
willows and grass.

large gravel, small 
cobble to river 
mouth. Coarser at 
riffle near 
Anderson Rd. 
Finer at large bar 
near RM 0.3.

Bed agrading. 
Delta prograding. 
Right bank stable, 
left bank eroding 
at RM 0.3. Low 
complexity. 
Channelized.

Pr
oj

ec
t r

ea
ch

2 90% 100% Non-erodible 
glacial outcrop 
left bank, 
eroding glacial 
outcrop, levee 
(RB)

Low to moderate 
sinuosity. 
Anabranching w/one 
or two side channels 
divided by vegetated 
bars or islands. 
Locally braided near 
logjams.

High frequency of LWD 
embedded in channel 
and on bars and in side 
channels. Two large 
logjams. Lots of trees in 
floodplain.

Large gravel, 
small cobble 
dominant. Some 
sand downstream 
of eroding 
outcrop.

Bed agrading. 
Stable laterally. 
Outcrop near 
Matriotti Creek 
eroding. High 
complexity and 
habitat quality.

3 100% 100% Beebe Levee 
(LB), Federal 
Levee (RB)

Low sinuosity, highly 
confined, 
anabranching w side 
channels divided by 
tall vegetated bars

2 major logjams. Some 
wood buried in river 
forcing steps. Lots of 
trees in floodplain.

Gravel and 
cobble, uniform 
size range (3-4" 
d50). Little to no 
sand or boulders.

Bed aggrading. 
right bank stable. 
Left bank levee 
looks marginal.

4 100% 0% Ward road 
revetment (LB), 
Woodcock 
Bridge

Low sinuosity and 
anabranching. Locally 
braided near logjams.

1 major logjam forced 
avulsion away from ward 
road. Small patch old 
growth cedar on left 
bank along ward road. 1 
mid channel logjam.

Gravel and 
cobble, uniform 
size range (3-4" 
d50). Little to no 
sand or boulders. 
Alternating bars 
common.

Bed aggrading. 
Laterally active - 
avulsion, 
migration, bank 
erosion.

5 0% 0% Banks, riffles, 
wood, bars, 
vegetation

Low sinuosity. 
Braided to 
anabranching. Large 
forested patches 
divide main channel 
and side channel.

Wood forced avulsions 
and bank erosion. Wood 
creating channel steps, 
controlling grade.

cobble & boulder Very active, w/ 
recent avulsions, 
bank erosion, 
migration. Vertical 
trends unclear.

6 0% 0% ELJs, banks, 
riffles, wood, 
bars, vegetation

Moderately sinuous, 
braided to 
anabranching.

Wood forced avulsions 
and bank erosion. Wood 
creating channel steps, 
controlling grade.

cobble & boulder, 
w short reach of 
large boulders

Very active, w/ 
recent avulsions, 
bank erosion, 
migration. Vertical 
trends unclear.

7 0% 10% RR 
embankement 
at DS end, 
revetment right 
bank, 101 bridge 
abutments US 
end. ELJs.

Moderately sinuous, 
braided to 
anabranching.

Wood forced avulsions 
and bank erosion. Wood 
creating channel steps, 
controlling grade. 
Channel spanning logjam.

cobble & boulder, 
large at 
riffles/rapids.

Very active, w/ 
recent avulsions, 
bank erosion, 
migration. Vertical 
trends unclear.

U
ps

tr
ea

m
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f p
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ct
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Figure 3-8. Dungeness River Channel Pattern Thresholds vs. Geomorphic Reaches.  Ranges 

reflect variation of reach grain size d50, assuming bankfull flow conditions. 

 
 

3.3.2.2 Detailed Geomorphic Reconnaissance Observations along 
Reaches 1, 2, 3 along Federal Levee, encompassing ERP 

Observations from the summer 2013 reconnaissance are provided below along with 
representative photographs that summarize current conditions or significant forcing features 
in each reach. Reaches 1 through 3 which encompass the length of the Federal Levee are 
described in more detail below. Reach 1 is located just below the ERP project limit, while 
Reach 3 is located just upstream of the ERP project limit. Refer to Appendix HH-3 for more 
detailed reconnaissance data and photographs. Section 3.3.4.2 of this report details the 
sediment grain size data collected during the reconnaissance, while Section 3.4 of this report 
details the historical sediment trends in these reaches. 
 

0.00

0.01

0.10

1000 10000 100000 1000000

Ch
an

ne
l S

lo
pe

 (m
/m

)

Dimensionless Formative Discharge Q*

Dungeness Channel Pattern Thresholds (after Eaton et al, 2010)

Single 
thread/anabranch 
threshold (Eq. 7)
Anabranch/braided 
threshold (Eq. 9)

R1

R2

R3

R4

R5

R6

R7

single thread 
channel pattern 
domain

anabranching
channel pattern 
domain

braided channel 
pattern domain



H&H TECHNICAL APPENDIX: HYDROLOGY, GEOMORPHOLOGY, HYDRAULICS, & HYDRAULIC DESIGN  

Dungeness River Restoration Project Page 52 
 

3.3.2.2.1 Reach 1 (Figure 3-9): The upstream end of this reach is the most confined 
location along the lower river the 5 reaches, owing to the presence of 
riprap armor along levees on both banks. The Rivers End levee (sugar dike) 
is on the left bank, and the Federal Levee is located on the right bank. Bed 
material quickly transitions from cobble and boulder to gravel and cobble 
toward the river mouth.  A short section of the rivers end levee has 
become eroded near the location of the 1940s river mouth. The local 
widening allows for gravel and wood recruitment and channel conditions 
are very complex relative to the remainder of the reach, with several pools 
with large woody cover. The right bank adjacent to the Federal levee 
appears over-steepened near RM 0.3.  Where confined the river is single 
threaded with few deep pools. Vegetation is limited to blackberries and 
willows by levee maintenance on the right bank between Anderson Road 
Bridge and the river mouth. The bed material is encrusted with algae at the 
lower end of this reach, which appears related to marine influence. 
Downstream of the levees flow spreads into distributary channels. Gravel 
and small cobbles are dominant at the mouth and extend into the sub-tidal 
zone (Dungeness Bay). Floodplain vegetation transitions from riparian to 
coastal marsh near the north end of the Federal levee. The federal levee 
prevents the river from occupying Meadowbrook slough which reduces 
freshwater and fluvial sediment inputs to coastal wetland complex near 3 
Crabs road. The reach is aggrading given the well documented delta 
progradation, and historical channel invert comparisons, although the 
cross section analysis (Section 3.4) indicates that the reach has lost material 
which is related to bank erosion and channel migration near RM 0.3. 
which Representative conditions are show in Figure 3-10.For additional 
geomorphic data collected see Appendix HH-3 (photo points) and HH-4 
(sediment sizes). 
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Figure 3-9. USACE Geomorphic Recon Reach 1 data 
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Top row from left: upstream, downstream; Bottom row from left: left bank looking 

downstream, right bank looking downstream; Center: cobble photo sample. 
 

 
Figure 3-10. Reach 1 representative photo point (G55 - Point bar, pool u/s nr levee) 

 

 

3.3.2.2.2 Reach 2 (Figure 3-11): This reach spans the full length of where levee 
removal is proposed. The downstream end of this reach is characterized by 
a narrow single thread channel controlled by natural and manmade 
constrictions (glacial outcrop narrowed by Anderson Road bridge 
embankment). At this location and for a distance of 1500 feet upstream the 
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river is entrained on the left bank where it has exposed non-erodible 
bedrock or very dense glacial sediments. The right bank is armored along 
the length of the Federal levee, however vegetated bars between the levee 
and river channel. Gravel bars are frequent and composed of cobble and 
gravel, with patches of sand. Despite the confinement the river has formed 
a complex network of side channels and logjams, likely in response to 
ongoing deposition that has widened the active floodplain. Large wood is 
frequent and imparts controls on flow distribution between the main 
channel and side channels.  The upstream end of the proposed levee 
removal is located opposite an eroding glacial outcrop that is retreating the 
west, allowing for expansion of the floodplain, which appears to be 
promoting bar growth and localized channel migration (Figure 3-12). The 
river bed is perched several feet above the former river channel cut off by 
the Federal levee in the 1960s that will become accessible to the river once 
the levee is removed. As such there will be a steep gradient from the river 
into the lower lying lands and relict channels of the restoration site. 
Evidence of bed aggradation includes burial and die off of standing trees 
(elevated water table), recruitment of standing trees due to localized bank 
erosion caused by bar growth, and burial of instream wood. This evidence 
is confirmed by the historical cross section comparisons discussed in 
Section 3.4 and Appendix HH-5. For additional geomorphic data collected 
see Appendix HH-3 (photo points) and HH-4 (sediment sizes). 
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Figure 3-11. USACE Geomorphic Recon Reach 2 data 
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Top row from left: looking upstream, downstream; Middle Row from left: right bank looking 

downstream, right bank looking at levee; Bottom: right bank looking upstream  
 

 

Figure 3-12. Reach 2 representative photo point (PP8Z – pool and buried large wood near 

upstream extent of levee removal for ERP) 

 

3.3.2.2.3 Reach 3 (Figure 3-13): This reach spans the full length of where levees 
confine the river on both banks. The downstream end of this reach is 
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located where the river emerges from the confined reach and is joined by 
Matriotti Creek on the left bank. The river is in contact with the Beebe 
levee for much of this reach, likely owing to the widening of the levee 
toward the river by the landowner. Armor stone for the levee ranges from 
riprap to concrete rubble. Banks are over-steepened and heavily vegetated. 
Anchored large wood was encountered at several locations.  The right bank 
is armored along the length of the Federal levee, however vegetated bars 
and side channels are present between the levee and river. Gravel bars are 
frequent and composed of cobble and gravel, with very little sand. The 
planform is straight, the bed topography simplified by a persistent plane-
bed condition punctuated by infrequent wood formed pools. The banks on 
the right bank are relatively high and well vegetated with alders, large 
cottonwoods and maples.  Several indicators of aggradation are present in 
such as alternating transverse bars, plane bed topography, a lack of riffles 
or pools, and die off of near bank trees (Figure 3-12). This evidence is 
confirmed by the historical cross section comparisons discussed in Section 
3.4 and Appendix HH-5. The Federal levee has diminished freeboard in 
this reach and is most vulnerable to overtopping during major flood events. 
The pasture lands east of the levee are saturated year round and dominated 
by wetland plant species which are likely related to surcharge by a perched 
groundwater table riverward of the levee. Review of available LiDAR data 
indicates that this condition applies to the lands west of the Beebe levee as 
well. For additional geomorphic data collected see Appendix HH-3 (photo 
points) and HH-4 (sediment sizes). 
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Figure 3-13. USACE Geomorphic Recon Reach 3 data 
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Top row from left: looking upstream,left bank; Bottom row from left: right bank looking 

upstream, looking downstream; Center: cobble photo sample. 
 

 
Figure 3-14. Reach 3 representative photo point (G47 – alternating transverse bar where 

levee has a greatest risk of overtopping) 
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3.3.3 Lower Dungeness River reach classification (USBR 2002) 

The following reach classification data developed by the USBR are provided as they inform 
sediment transport data provided in the following sections (also developed by USBR). Note 
that the USACE work from summer 2013 did not extend upstream of Highway 101 as 
conditions upstream of that point did not appear to have any influence on conditions in the 
project reach, other than being a source for water and sediment. The following are excerpted 
from the U. S. Bureau of Reclamation (USBR) in their 2002 report “Physical Processes, 
Human Impacts, and Restoration Issues of the Lower Dungeness River” 
 
The Dungeness River has several distinct natural processes that vary throughout the lower 
10.5 mi of its course. The USBR characterized the Lower Dungeness River corridor by 
subdividing it into five reaches based on the differences in the processes occurring in each 
reach. Note that these reaches are different than the USACE reaches described previously. 

Table 3-4. USBR Reach subdivisions in the lower 10.5 miles of the Dungeness River. These are 

shown in Figure 3-6. 

USBR 
Reach 

River Miles Major Landmarks 

1 RM 0 to 2.6 ACOE and Olympic Game Farm Levees, and Schoolhouse 
Bridge (USACE project reach) 

2 RM 2.6 to 4.6 Burlingame and Woodcock Bridges 

3 RM 4.6 to 7.0  Highway 101 and Railroad Bridges 

4 RM 7.0 to 9.0  Dungeness Meadows Subdivision and Levee 

5 RM 9.0 to 10.5  Kinkade Island and Fish Hatchery 

(Source: USBR 2002) 

3.3.3.1 Lower Dungeness reach 5.  

The upstream boundary of Reach 5 is at RM 10.5 near the fish hatchery, (Figure 3B of USBR 
2002). The downstream boundary of Reach 5 is at RM 9, where the river exits the foothills of 
the Olympic Mountains and the flood plain markedly widens. The most significant feature in 
Reach 5 is Kinkade Island. This tree-covered island lies in the present flood plain between 
the main channel and the largest side channel in the study reach, Kinkade Creek. It is 
estimated that 1/3 of the total flow now passes through Kinkade Creek during high flows and 
noted that the entrance to the side channel has migrated over time. Multiple other smaller 
side channels are also present in this area, the majority of which have woody debris at their 
entrances which limits the amount of flow and sediment entering the channel.  
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3.3.3.2 Lower Dungeness reach 4. 

 The downstream boundary of Reach 4 is not clearly defined, however, the boundary is 
placed at RM 7 because the pattern of the low-water main channel, side channels and bars 
becomes more complex downstream of this point. The downstream 0.4 miles of the reach, 
between the downstream end of the Dungeness Meadows Levee at RM 7.4 and the reach 
boundary at RM 7, have characteristics of both the simpler pattern of the channel and bars 
along the levee and the more complex pattern downstream of RM 7. 

The main feature in Reach 4 is the Dungeness Meadows Levee, which is a 2,500-foot-long 
(763-m-long) structure along the east bank. An additional levee on the west bank (Haller 
Dike) is located from RM 8.57 to 8.87 and is a prominent feature at the upstream end of the 
reach. Several side channels, which surround wooded portions of the flood plain, also are 
characteristic of this reach. Historically, several shorter side channels were present on the 
east side of the river just upstream in what is now the Dungeness Meadows subdivision. 
Another fairly large side channel on the west side is apparent on the 1942/43 aerial 
photographs and may now be cut off by the downstream end of the Haller Dike. 

3.3.3.3 Lower Dungeness reach 3.  

The downstream boundary of Reach 3 at RM 4.6 is at the downstream end of the section 
where low water channel and bars form a somewhat more complicated pattern than areas 
further downstream. Also, this is the upstream end of a section in which both banks of the 
prehistoric and present flood plains are fairly well defined. The number and complexity of 
side and overflow channels decrease downstream of RM 4.6. In Reach 3, these channels are 
present on the both sides of the main channel. 

The most significant features of Reach 3 are the changes in the planform and location of the 
active channel and flood plain boundaries between the 1942/43, 1965, 1994, 1996, and 2000 
aerial photography. A significant portion of the west bank in the vicinity of the Railroad 
Bridge has eroded since 1942/43. Except for the Highway 101 and the Railroad Bridges, man-
made features are few and consist of some bank protection and woody debris placed within 
the active channel boundaries. A 1913/14 map documented that the wooded floodplain and 
riparian zone was logged and cleared of woody debris in many areas of this reach. The 
1942/43 aerial photographs also show these areas as being cleared of vegetation, most 
significantly in the active channel downstream of the Railroad Bridge. 

3.3.3.4 Lower Dungeness reach 2.  

The downstream boundary of Reach 2 at RM 2.6 is relatively well defined, because the river 
corridor downstream of this point in Reach 1 is confined by levees on both sides of the river 
whereas in Reach 2, no major levees exist. 
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The main feature that affects channel processes in Reach 2 is a flattening of slope around 
River Mile 4, which tends to reduce water velocities as well as sediment transport capacity ( 
See Table 3-5 below).  

The width of the present flood plain varies because of the configuration of the terraces that 
define the flood plain boundaries. Narrower areas may have high velocities and transport 
more sediment, but these areas also create small backwater areas upstream that have low 
velocities and low sediment transport capacity. Manmade features in this reach are limited to 
Ward Road and two bridges. The new Burlingame Bridge no longer constricts the width of 
the active channel. Woodcock Bridge in combination with Ward Road, which is 
immediately downstream of the bridge on the west side, reduce the prehistoric flood plain 
width, eliminating some side channels and riparian habitat. 

 

3.3.3.5 Lower Dungeness reach 1 (USACE project reach). 

 The boundaries for Reach 1 are defined by the upstream end of the ACOE Levee on the east 
bank and the mouth of the river at Dungeness Bay in the Strait of Juan de Fuca. Reach 1 has 
experienced the greatest human impacts both today and historically, largely because this area 
has been heavily populated. On the east bank, the ACOE Levee extends from RM 2.6 
(upstream end of Reach 1) all the way downstream to near the mouth. At RM 0.8, the 
Schoolhouse Bridge crosses the river channel. On the west bank, the Olympic Game Farm 
Levee extends from RM 2.6 to RM 1.6. From RM 1.6 to RM 0.8, the west side of the 
prehistoric and present flood plain is bounded by a high glacial exposure limiting channel 
migration in that direction. Downstream of the Schoolhouse Bridge on the west side, a 
formerly private levee, River’s End Levee, is now maintained by Clallam County. This levee 
extends downstream to near the mouth but is much lower in elevation than the ACOE Levee 
on the east side of the river. All of the levees were built to protect property and 
infrastructure from flooding. 
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3.3.4 Sediment Transport 

3.3.4.1 Dungeness River Sediment Supply (from USBR 2002) 

Sediment that is supplied from the upstream watershed can be classified by its location 
within the watershed (Table 3-5): 

Table 3-5. Sediment Sources from the Upper Dungeness River basin and annual yield. 

Sediment 
Source Description 

% of 
Basin's 
Surface 

Area 
Yield 

(tons/year) 

% of 
watershed 
sediment 

yield 
Steep alpine 
slopes above 
timberline  

Sediment deposits (talus) are 
generally conical in shape, 
steep, unstable  

15 2,623 5 

Forested 
slopes  

Undisturbed forested slopes 
and second growth forests > 
10 years old.  

81 27,904 50 

Logged 
slopes  

Clear-cut areas and forest 
regrowth < 10 years old  

< 4 4,985 9 

River 
terraces and 
bar deposits  

Three observed terraces in 
Dungeness watershed, high 
runoff distributes sediment 
stored on gravel bars 

 unknown  

Active 
glaciers  

Six alpine glaciers reported 
within Dungeness watershed 

<1 20,000* 36 

(Source: USBR 2002, *assessed as likely overestimate in USBR 2002.) 

 

Steep alpine slopes above timberline. Large and numerous sediment deposits are observed 
above timberline in the upper portions of the Grey Wolf River drainage and to a lesser extent 
in the Dungeness River drainage. These high-elevation deposits are likely covered by snow 
during the winter flood season and transported downstream through a network of channels 
during the spring snowmelt. Numerous chutes exist through the steep forested slopes that 
can convey sediments directly to the river channel below. Transport of any sediment 
reaching the river is likely rapid due to the steep gradient of the upstream watershed. 

Forested slopes. Sediment is eroded from the forested slopes by surface erosion during runoff 
of rainfall and snowmelt. During the winter flood season, rainfall runoff primarily occurs at 
low to moderate elevations. Landslides are part of the natural processes in the upper 
watershed, but are relatively few in number and extent within the forested slopes. The rate 
of sediment supply from the forested slopes has likely varied over time due to the effects of 
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large, intense, stand-replacement wildfires have swept across the watershed on approximate 
200-year intervals. These fires result is a repeating cycle of fire, episodic sediment pulses, and 
channel aggradation followed by channel incision as the forest grows back and the sediment 
load decreases. 

Logged slopes. Logging and road building have occurred in approximately 12 percent of the 
drainage area (Cynthia Barton, USGS District Chief, written communication, December 16, 
1998). Logging is generally expected to decrease rainfall interception, and therefore increase 
rainfall runoff (MacDonald, et al.,1991). However, no increase in runoff during periods of 
logging was detected by analysis of USGS stream-gaging records (England, 1999). Some 
landslides have been documented in logged areas (Golder and Associates, 1993), but the 
landslide volumes are small relative to the annual sediment loads transported by the 
Dungeness River (this statement needs to be verified). The largest impact from logging on 
the watershed stems from road building which causes local erosion along the hillsides. Fine 
sediments contributed from logging road failures potentially affect fish habitat by increasing 
turbidity and depositing fine sediments in wooded side channels where velocities are slower. 

River terraces and bar deposits. The Dungeness River has evidence of downcutting over the 
last 500 years. Channel incision and lateral erosion has resulted in formation of river terraces 
and up to three terraces have been observed along the Dungeness in the upper watershed. 
Gravel bars are present within the watershed and tend to form upstream of river channel 
constrictions as a result of backwater effects. Transport of material through the constrictions 
likely occurs during large floods. Remobilization of channel deposits and erosion of river 
banks and terraces potentially represent a significant source of the sediment in the 
Dungeness River. 

Active glaciers. Glaciers can supply significant volumes of sediment to river systems, as has 
been documented for Mt. Rainier. However, only six active glaciers are present in the 
Dungeness watershed and the areal extent of these glaciers comprises less than one percent 
of the total surface area of the entire watershed (Golder Associates, 1993). The sediment 
yield from the glaciers is likely small, but further investigation of the upper watershed 
processes is needed to confirm this hypothesis.  

  

3.3.4.2 Sediment grain size distribution (USACE 2013) 

A geomorphic recon of the Lower Dungeness River was conducted in August and September 
2013 to characterize spatial trends in the bed gradation between Highway 101 (RM 6.5) and 
the mouth (RM 0.0). To conduct the recon, five members of the USACE Seattle District 
Hydraulic Engineering Section were involved in walking the river and collecting bulk and 
photographic bed samples. These samples were then processed and grain size distributions 
were analyzed. Overall, grain size remained fairly consistent throughout the study reaches 
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(median D50 = 28.03 mm on the surface) with local variations attributed to changes in 
channel constrictions due to levees. 
 
For this study, the river was broken into 7 sub-reaches between highway 101 and the river 
mouth. The sub-reaches were based on geographic locations, such as bridges and physical 
features (such as degree of confinement). Figure 3-16 presents these sub-reaches as boxed 
map overlays for the entire Lower Dungeness and zoomed maps of sub-reaches 1-4 are 
presented in Figure 3-19 and Figure 3-20.Table 3-3provides detailed physical descriptions of 
each sub-reach. 
 

3.3.4.1 Laboratory Bulk Pavement and Sub-pavement Analysis 

7 bulk pavement (armor layer) and sub-pavement (below armor layer) samples were 
collected at locations where the U.S. Bureau of Reclamation had previously sampled in 2002 
(USBR, 2002). The samples were sent to a laboratory for sieve analysis by weight to develop 
grain size distribution curves. Figure 3-16 indicates the location of each sample site along the 
river and Table 3-6 summarizes the grain size distribution results estimated from distribution 
plots of each sample. It should be noted that SED-5 is listed as a composite sample as the 
pavement and sub-pavement samples were mixed. Figure 3-15 presents an example image of 
the surface before the pavement layer was removed, the subsurface directly after the 
pavement layer was removed, and the subsurface after the sub-pavement layer was removed 
(clockwise beginning from the top left). 
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Figure 3-15: Pavement, Pavement Removed, Sub-pavement Removed (Clockwise From Top 
Left)  
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Figure 3-16: Bulk Sample Site Map 
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Table 3-6: Bulk Sample Grain Distributions 

 
 

3.3.4.2 Photo-Sieve Analysis 

59 photos of bed surface samples were obtained between the mouth and RM 6.56 at the 
heads of gravel bars next to the main channel and at other locations where grain size was 
noticeably affected by channel morphologic or hydraulic conditions. The samples were 
located by placing a 2-ft by 2-ft quadrat at representative locations. A consumer grade digital 
camera was held above the quadrat normal to the streambed and shaded to eliminate 
shadows. The digital photos were post-processed to remove non-sample objects in the photo, 
such as the quadrant, and the post processed photos were then analyzed using “Digital Grain 
Size” analysis techniques developed by Daniel Buscombe of Plymouth University and the 
USGS (Buscombe, 2013).  
 
This method utilizes a power spectral density function (using a Morlet wavelet) to 
approximate the complete size distribution of grains in a given image without needing any 
calibration.  In addition, this provides outputs of a histogram of frequency versus pixel grain 
size, the mean grain size, sorting, skewness, and kurtosis. These outputs were then converted 
to millimeters from pixels by obtaining the photo resolution from a known length in the 
original sample photo (the quadrant). This digital technique was completed for each of the 59 
sample photos to obtain the D10, D16, D50, D84, and D90 grain size for each photo.  An 
example of an original surface sample photo (sample G15), the cropped photo that was 
analyzed, and an example of the digital grain size outputs for sample G15 are presented in 
Figure 3-13. An example distribution plot was also created for each bulk sample and photo 
sample. Figure 3-18, Figure 3-19, and Figure 3-20 provide a summary of the d50 grain size in 
the entire study area, reaches 1&2, and reaches 3&4 respectively. Refer to Appendix HH-4 
for additional grain size distribution data.  

Sample
Corresponding 

Photo Sample Name River Mile D16 (mm) D50 (mm) D84 (mm) D90 (mm)
SED-1 Pavement G12 5.68 63.5 139.7 215.9 228.6

SED-1 Sub-pavement - 5.68 3.8 38.1 190.5 203.2
SED-2 Pavement G13 3.90 35.6 57.2 95.3 104.1

SED-2 Sub-pavement - 3.90 2.5 14.0 44.5 50.8
SED-3 Pavement G14 3.24 69.9 88.9 203.2 215.9

SED-3 Sub-pavement - 3.24 0.9 12.7 38.1 50.8
SED-4 Pavement G15 2.92 44.5 88.9 152.4 177.8

SED-4 Sub-pavement - 2.92 2.3 15.2 57.2 63.5
SED-5 pavement COMPOSITE G16 -0.02 1.1 20.3 57.2 63.5

SED-6 Pavement G17 -0.08 31.8 50.8 88.9 101.6
SED-6 Sub-pavement - -0.08 0.9 11.4 38.1 50.8

SED-7 Pavement G35 2.62 50.8 121.9 215.9 228.6
SED-7 Sub-pavement - 2.62 1.0 11.4 44.5 50.8
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Figure 3-17: Photo Surface Samples Raw (left) and Cropped (right). Results are shown in plots 

below. 
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Figure 3-18: Image based estimates of d50 
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Figure 3-19: Image based estimates of d50, reaches 1&2 
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Figure 3-20: Image based estimates of d50, reaches 3&4  
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3.3.4.3 General Longitudinal Trends in Sediment Grain Size 

Within the study area, bed sediment grain size distributions were analyzed using two 
different methods: traditional lab sieving by weight and digital grain size analysis by size. 
The lab volumetric bulk sieving results indicate a slightly decreasing trend in grain size for 
all classes (D16, D50, D84, and D90) moving from the upstream reaches to the mouth. This 
trend is highlighted by a negatively sloped trend D50 line in Figure 3-21. The range of D50 
grains were between 50.80 mm at the mouth and 139.7 mm at RM 5.7, very coarse gravel to 
cobbles. 
 
The photo sieve samples have significant variability within the lower reaches of the river 
(the 6.5 mile study region) while the median for the statistics analyzed is fairly consistent at 
28.03 mm, with a slight increasing trend moving downstream.  The exception to this is in 
sub-reach 3, which is highly confined by levees. Upstream of the point of maximum 
constriction (at the levees), several of the samples have much finer than median grain size 
distributions. Upstream and downstream of this reach average grain size is much closer to the 
study area linear regression trend line. This localized fining appears to be due to backwater 
upstream of constrictions caused by the levees and is visually apparent in the geomorphic 
recon maps of sub-reaches 3 and 4 for D50, D84, and D90 presented in Figure 3-20 and 
Appendix HH-4. The range of D50 particle size for the digital analysis is between 17.63 mm 
at RM 5.6 and 43.33 mm at RM 0.5, coarse to very coarse gravel.  
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Figure 3-21: Bulk sample grain size distributions compared with image based grain size 

distributions by river mile 

 

R² = 0.2626

0

50

100

150

200

250

-11357911

G
ra

in
 S

iz
e 

(m
m

)

River Mile

Grain Size versus River Mile for USACE 2013 Bulk Samples

D16 (mm)

D50 (mm)

D84 (mm)

D90 (mm)

REACH BREAKS

Linear (D50 (mm))

R² = 0.0133

0

10

20

30

40

50

60

70

80

90

-11357911

G
ra

in
 S

iz
e 

(m
m

)

River Mile

Grain Size versus River Mile for USACE 2013 Photo Surface Samples

D10 (mm)

D16 (mm)

D50 (mm)

D84 (mm)

D90 (mm)

REACH BREAKS

Linear (D50 (mm))



H&H TECHNICAL APPENDIX: HYDROLOGY, GEOMORPHOLOGY, HYDRAULICS, & HYDRAULIC DESIGN  

Dungeness River Restoration Project Page 76 
 

 
With the exception of sub-reach 3 and localized deposition zones, the reason given for the 
lack of a significant decreasing trend in grain size with downstream distance is the valley 
steepness and confinement which sustains high sediment transport capacities to and beyond 
the river mouth. The valley slope is a function of ongoing regional isostatic rebound and lack 
of hydrology sufficient to incise the valley floor to a flatter gradient. 
 
Another apparent trend is the variability of the D10, D84 in sub-reaches 6 and 7, which is a 
wide, unconfined, active anabranched reach with frequent logjams, side channels, and 
channel cutoffs. This is seen visually in the zoomed maps of sub-reaches 6 and 7 (see 
Appendix HH-4) and indicates that in the more natural system, without levee constrictions, 
grain size tends to distribute itself by size between bars geomorphically. This is in contrast to 
confined sections of the channel which prevent natural variability, or sorting, from 
occurring due to more uniform hydraulic conditions.   
 
It should be noted that the digital grain size results and bulk sample lab sieve results, while 
both valid, cannot be compared directly. The digital analysis process uses a surface image to 
compute a grain size distribution by size in contrast to the lab sieve method, which classifies 
the grain size distribution by weight of a volumetric sample. As such, the digital analysis is 
most comparable with other size based field sieving techniques (Wolman pebble count using 
a gravelometer).  In this way, both methods achieve different results that represent different 
aspects of the sample. One of the limitations of the digital grain size method is its limited 
ability to represent the three-dimensional characteristics of the sediment particles and 
subsurface characteristics of the surface particles. A significant limitation of the bulk sample 
method is the large amount of material that needs to be sampled to provide reliable estimates 
of the tails of the grain size distribution (ASCE 110). Thus, the digital method is best for 
characterizing surface trends along reaches, but cannot be used to fully represent the 
underlying bed gradation of the system. 
 
Primary conclusions from this investigation include: 
 

1. There is a slight decrease in grain size moving downstream from Highway 101 to the 
mouth. 
 

2. The range of D50 grains were between 50.80 mm at the mouth and 139.7 mm at RM 
5.7, very coarse gravel to cobbles. The range of D50 particle size for the digital 
analysis were between 17.63 mm at RM 5.6 and 43.33 mm at RM 0.5, coarse to very 
coarse gravel. 
 

3. The surface grain size remains consistent for all study reaches except in localized 
regions (median D50 is 28.03 mm), such as sub-reach 3, where levee channel 
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constrictions cause a backwater effect and thus, grain size decreases in backwater 
region.  
 

4. Greater grain size variability tends to occur in the unconfined reaches of the river, 
such as sub-reaches 6 and 7, where hydraulic conditions are more complex. 
 

5. Bulk sampling data and photo sampling data cannot be compared directly. 
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3.3.4.1 Suspended load and bedload (excerpted from USBR 2002).  

Suspended sediment, also called suspended load, typically consists of finer, silt and clay sized 
particles (< .125 mm in size) transported through the river system in suspension above the 
channel bed layer. Bedload is defined as the transport of sediment particles that frequently 
maintain contact with the channel bed (Julien, 1995). Generally, bedload consists of sand, 
gravel, and cobble particles (> .125 mm in size) that roll and slide in a thin layer near the 
channel bed. Bedload and suspended load sample data analyzed by USBR (2002) at US 101 
and Schoolhouse gauge locations were used to develop correlations between water discharge 
and sediment load using sediment load vs. discharge power equations (Strand and 
Pemberton, 1982). The derived relations are shown in Figure 3-22 and Figure 3-23. 

 

Figure 3-22. Suspended sediment data and predictive relations. (Source: USBR 2002) 
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The largest flow recorded during a suspended sediment load measurement was 3,700 cfs at 
the Highway 101 gauge (slightly more than the 5-year return flow) and 1,850 cfs at the 
Schoolhouse gauge (less than the 2-year return flow). The largest flow recorded during a 
bedload measurement at the Highway 101 gauge was 4,500 cfs (slightly less than the 5-year 
return flow). The bedload measurements were all made at flows greater than 1,000 cfs. The 
analysis also indicates suspended sediment load increases much more rapidly with discharge 
at flows greater than 700 cfs, requiring two separate curves to predict suspended load. 

 

Figure 3-23. Bedload data and predictive relation. (Source: USBR 2002) 

 

Bedload material sampling reveals that the river response to high flow events is highly 
variable with respect to the grain size distribution. Figure 3-24 shows the distribution of 
grain sizes sampled at different times for three different high flow events. While the 
distributions show grain size fining on the falling arm of the flood flow for the January 1999 
event, the reverse is true for the high flow in February of 1999, about a month later: for the 
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February event the smaller grain sizes are more prevalent in the bedload at the higher flow 
rate. A third flow event shown from May 1999 shows a fairly uniform distribution 
throughout the high flow event. A conclusion that can be drawn from the data is that high 
flows mobilize specific locations along the Dungeness and that the time history of the 
sediment motion is highly dependent on the local bar dynamics.  

 

Figure 3-24. Grain-size variation with flow rate for bedload samples at Highway 101 bridge in 

1999. (Data source: USBR 2002) 

3.3.4.1 Effective discharge. (excerpted from USBR 2002).  

A typical discharge at which sediment transport is evaluated is called the “effective 
discharge”. The effective discharge is defined as the flow that moves the most sediment over 
time and forms the morphological characteristics of the channel (Wolman and Miller, 1960). 
The effective discharge typically occurs every 1 to 2 years and is often associated with the 
flow that fills the main channel and just begins to overtop the river banks. Although 
extremely high flows also transport a large amount of sediment and can be responsible for 
channel changes, these flows are rare and do not account for the majority of sediment 
movement and channel changes on an annual basis. 

Effective discharge can be computed by taking the product of the frequency of a given 
discharge (flow duration) and the sediment transport rate associated with that particular flow 
(Strand and Pemberton, 1982). Figure 3-25 represents the effective discharge as reported by 
USBR (2002). It shows that flow magnitudes on the Dungeness River vary by season. The 
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biggest storms occur in winter (November to March), snowmelt runoff increases flows in the 
spring and early summer (April to July), and late summer and fall is typically a low flow 
period (August to October). 

 
Figure 3-25. Effective discharge for the Lower Dungeness River. (Source: USBR 2002) 

 
For the measurement made in 1999, the time period from November to March resulted in an 
effective discharge of approximately 2,900 cfs which is nearly equivalent to the 2-year peak 
discharge of 2,990. An annual peak discharge equal to or greater than the effective discharge 
has been recorded at least once a year for about 60 percent of the water years during the 
period of record. The measurements at the Highway 101 bridge confirm that significant 
amounts of sediment are moved in the Lower Dungeness on an annual or biannual basis. 

3.3.4.1 Sediment transport capacity. (excerpted from USBR 2002).  

Sediment transport capacity is a measure of a river’s ability to move certain grain sizes at a 
given flow and helps identify areas of potential deposition or erosion based on sediment sizes 
present in the riverbed and river hydraulics. During low flow periods on the Dungeness 
River, sediment transport capacity is small and the water in the river channel often looks 
calm and clear. For a typical cross section along the river, water depth and velocity increase 
rapidly with increasing discharge increasing the river’s ability to get the sediment particles 
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into motion. When the water stage reaches the height of the river banks and flow begins to 
spill out onto the flood plain, velocities remain relatively constant in the main channel, and 
sediment transport capacity also remains relatively constant.  

 
Figure 3-26. Dimensionless unit streampower profile for the Lower Dungeness River at the 2-

year flood flow. (Source: USBR 2002) 

Besides water velocities, sediment transport capacity is also dependent on the steepness of 
the river, referred to as the channel gradient or slope. The steeper the slope, the more energy 
the river has and the greater the river’s ability to transport sediment. Unit stream power is 
one method of looking at a river’s ability to move sediment at a given location. Unit stream 
power is determined by taking the average computed water velocity multiplied by the 
computed energy slope at each cross section location. In Figure 3-26, at a flow rate of 2990 
cfs, it is clear that the stream power decreases markedly as the river approaches its estuary. 
The values in this chart have been normalized to the stream power at the Highway 101 
bridge so that reaches with higher stream power have values greater than 1 and reaches with 
lower power are less than 1. 

Similarly in Figure 3-27, the sediment transport capacity of the Lower Dungeness tends to 
decrease in the lower reaches, largely due to the flattening of the channel slope. The marked 
fluctuations in transport capacity in reaches 1, 2, and 3 occur because of both natural and 
human-induced constrictions throughout the lower river. The constrictions cause higher 
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water stage and velocity and result in localized high transport capacity.  Upstream of the 
constrictions, the flow is backwatered and the channel is usually broader and flatter with a 
correspondingly lower transport capacity.  As with Figure 3-26, the transport capacity values 
have been normalized to the flow at the Highway 101 bridge. 

 
Figure 3-27. Sediment transport capacity for the Lower Dungeness River. (Source: USBR 2002) 

3.3.5 Sediment Transport in Project Reach 

3.3.5.1 Bed material (excerpted from USBR 2002).  

Near RM 1.5, between the ACOE and Olympic Game Farm levees, measurements were made 
on coarser and finer portions of a bar on the east side of the low-water channel. 
Measurements were also made on both a coarser bar and a finer bar at the mouth of the river. 
Findings show weak or non-imbricated pavements and low levels of armoring except for on 
the high coarse bars. Thin pavements were generally underlain by loose heterogeneous finer 
material. Except for the high bars, this implies that sediments in this reach are generally 
unstable and move frequently. 
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3.3.5.2 Reach Hydraulics & Sediment Transport (excerpted from 
USBR 2002).  

For existing conditions, Reach 1 has average velocities during a 2-year flood ranging from 4.1 
to 10.2 ft/s and on average has more areas of high velocity than in upstream reaches. Mean 
and maximum depths are also on average higher in Reach 1 than upstream reaches. Mean 
depth averages about 3.3 ft and maximum depths are roughly 1.3 to 3.9 times mean depth, 
with a range of 4.3 to 13.4 ft. Width to depth ratios are generally much smaller in Reach 1 
than in upstream reaches.  

 
Figure 3-28. Comparison of existing and historic channel beds in reach 1. (Source: USBR 2002) 

 
While the overall sediment transport capacity decreases in this reach as a result of the 
flattening in slope (Figure 3-28), several areas of high sediment transport capacity exist 
where levees or natural features have constricted the river channel. This results in a high 
level of variation with some locations aggrading much more quickly than others (Figure 
3-28).  The largest amount of aggradation is observed upstream of RM 1.26 (cross section 8 
on Figure 3-29) where the bed has accreted almost 10 ft (3 m).  

The ACOE and Olympic Game Farm (Beebe) levees cut off the floodplain from the active 
channel in several locations. As mentioned above, the levees collectively constrict the river 
channel to smaller widths than were present in 1935 and result in a backwater area 
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upstream. The aggradation of the riverbed that has occurred at some locations, such as at 
cross section 8 at RM 1.26, is shown in Figure 3-30. The river channel is now higher than the 
surrounding flood plain and channel capacity has been reduced. 

In 2013 Cardno/ENTRIX conducted a geomorphic assessment of existing conditions and 
through comparison of new cross section data obtained in 2010 determined that the rate of 
aggradation documented by the USBR had declined significantly relative to historic rates, 
with less than 1 inch of average change between 1997 and 2010 (Cardno/ENTRIX 2013a). 
Significantly for the Federal levee, the aggradation continued at the greatest rate where the 
levee is most prone to overtopping in major floods (between RM 1.3 and 1.65).  The 
concurrent downstream erosion is potentially due to local reduction in the sediment supply 
caused by the trapping of bed material just upstream. 

In 2014 as part of this study, USACE evaluated the cross section and invert changes between 
1984 and 2013. This analysis, presented in Section 3.4 below. 

 

 
Figure 3-29. Changes in channel cross-section and bed elevation at river mile (RM) 1.26 

between 1935 and 1997. (Source: USBR 2002) 
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Figure 3-30. Changes in channel long profile bed elevation within the project reach, 1997-

2010. (Source: Jamestown S’Klallam Tribe, 2013) 

 

3.4 Sedimentation Volume & River Bed Elevation Change Analysis of 
Lower Dungeness River (USACE 2014) 

To understand the magnitude of bed elevation change since construction of the Federal levee 
available survey data from the 1960s at time of levee construction, and the 1980s flood 
insurance study were reviewed and compared with cross sections surveyed as part of this 
project in 2013. Where possible these were compared with cross sections surveyed by the 
USBR between 1999 and 2001. 
 

3.4.1 Long Term Sedimentation Rates from 1984-2013 Cross Section 
Subtraction 

Long term sedimentation rates were studied from Ward Road Bridge (RM 4.0) to the mouth. 
This was done to determine the effects of sedimentation for a levee setback project just 
upstream of Anderson rd bridge (RM 0.7-1.6).  The Dungeness River is a place of constant 
change, there is a large supply of sediment with a very steep gradient.  Observations during 
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2013 show very few bed forms and most of the pools are filled in with sediment forming a 
plane bed.  The same reach breaks were used as in the Grain Size analysis in Section 3.3.4.1. 
 
Table 3-7 2013 Sedimentation Rate Study Reaches 

 

 
 

 
Figure 3-31: 1984 Cross Section locations used in comparative analysis 

River Mile Reach Description

0-0.7 1
Extending from the mouth of the Dungeness River to Anderson 
Rd. bridge. Constrained by levees on both sides

0.7-1.5 2

Extending from Anderson Rd Bridge to river mile 1.5 where 
Matriotti Creek joints the main stem. Leveed on the right bank. 
(Encompasses most of the project reach.)

1.5-2.7 3 Extending from river mile 1.5 to 2.7. Leveed on both banks

2.7-3.3 4
Extending from 2.7 to Ward Road Bridge. Unconstrained on both 
banks.

3.3-4.0 5 Extending from Ward Road Bridge to Old Olympic Highway Bridge
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Figure 3-32 1997-1999 cross section locations used in comparative analysis 
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Figure 3-33 2013 cross section locations used in comparative analysis 

 
 
Cross sections were available for 1960, 1984, 1997-1999, and 2013.  Subtraction was 
attempted between all the datasets at the same time; however it was determined that 
subtraction between datasets with non-collinear cross sections was too labor intensive to be 
feasibly completed in the timeframe of this project.   Ultimately, subtraction was only 
performed between the 1984 to 1997-1999 data sets and the 1997-1999 to 2013 data sets.  
Cross sections were interpolated inside HEC-RAS in order to resolve the issue of non-
collinear cross sections.   
 

3.4.2 River Invert Changes from 1964-2013  

Thalweg profiles from the survey data used to perform the cross section analysis of 
volumetric change are compared below by USACE geomorphic reach (1 through 4). In 
Figure 3-34 the average cross section average elevation and the thalweg have increased 



H&H TECHNICAL APPENDIX: HYDROLOGY, GEOMORPHOLOGY, HYDRAULICS, & HYDRAULIC DESIGN  

Dungeness River Restoration Project Page 90 
 

between the late 1990s surveys and 2013. This is also observed in portions of reach 2 (Figure 
3-35) reach 3 (Figure 3-36) reach 4 (Figure 3-37) and reach 5 (Figure 3-38) although the 
average elevations are showing more change than the invert elevations typically. The most 
significant change appears to be just downstream of Woodcock bridge in reach 4, where a 
large change in the invert of 3 to 4 feet between the late 1990s and 2013 extends over a 
distance of 0.4 miles. The average cross section elevations also increased by about 1 foot in 
this interval. This is consistent with our geomorphic reconnaissance observations of a large 
wedge of uniformly graded cobble and gravel in this location. The largest changes in invert 
elevations from the 1960s occur in reaches 1 and 2 (2 to 3 feet). The 1984 surveys generally 
fall between the 1960s and 1990s indicating a consistent trend of aggradation with an 
exception being between RM 2.6 to RM 3.0, where the river was higher in 1984 than it is at 
present.  
 
 
  



H&H TECHNICAL APPENDIX: HYDROLOGY, GEOMORPHOLOGY, HYDRAULICS, & HYDRAULIC DESIGN  

Dungeness River Restoration Project Page 91 
 

 
 
Figure 3-34: Reach 1 Thalweg and Average Cross Section Elevation Comparison 
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Figure 3-35: Reach 2 Thalweg and Average Cross Section Elevation Comparison 
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Figure 3-36: Reach 3 Thalweg and Average Cross Section Elevation Comparison 
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Figure 3-37: Reach 4 Thalweg and Average Cross Section Elevation Comparison 
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Figure 3-38: Reach 5 Thalweg and Average Cross Section Elevation Comparison 

 

3.4.3 Long Term Sedimentation Rates from 2008 & 2012 LiDAR Subtraction 

Coincident LiDAR was available for 2008 and 2012. Cross sections were extracted from the 
LiDAR using HEC-Geo-RAS and run through HEC-RAS. The resulting water depth profile 
was then burned into the LiDAR. The resulting LiDAR was used to extract another set of 
cross sections that were then run through HEC-RAS. By comparing the second HEC-RAS 
water surface profile to that seen by the LiDAR, it was possible to verify the burned LiDAR 
results. The above process was done for both the 2008 and 2012 LiDAR. The burned LiDAR 
grids were then compared by subtracting the 2008 grid from the 2012 grid and calculating 
the volume change over the floodplain area calculated using the cross section end area 
analysis for available reaches using ArcMap. 
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Figure 3-39 Results of LiDAR subtraction analysis in project reach constrained by visible limits 

of active alluvial surfaces.  Red areas have increased in height between LiDAR surveys, while 
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blue areas have decreased in height. Note large areas of floodplain that are excluded from 

the analysis to remain consistent with the cross section comparison extent. 

 
 
Table 3-8  Total estimated Annual Vertical change by reach 

Reach 

Average Vertical 
Change per year 1984 
to 1997-1999 (ft/yr) 

Average Vertical 
Change per year 

1997-1999 to 2013 
(ft/yr) 

Average Vertical 
Change per year 
(Lidar 2008-Lidar 

2012) (ft/yr) 
1 -0.003 0.011 0.152 

2* 0.143 0.006 0.082 
3* 0.040 0.026 0.034 
4 -0.083 0.057 No data 2012 
5 -0.036 0.023 No data 2012 

*Federal Levee extent upstream of Anderson Road 
 
Table 3-9 total estimated volumetric change by river reach 1984 to 2013 

 
 

Table 3-10 General trend in Lower Dungeness River sedimentation pattern based on cross 

section volume analysis 

 
 
 

3.4.1 Lower Dungeness River Long Term Sedimentation Conclusion and 
Implications 
 

Reach

Total Volume 
Change 1984 to 1997-

1999 (ft^3/yr)

Total Volume 
Change 1997-1999 to 

2013 (ft^3/yr)

Total Volume 
Change 1984 to 1997-

1999 (yd^3/yr)

Total Volume 
Change 1997-1999 
to 2013 (yd^3/yr)

Total Volume 
Change 2008-2012 

(yd^3/yr)
1 (89,357)                          (47,164)                         (3,310)                            (1,747)                       3,509                         
2 277,320                          9,438                             10,271                            350                             2,462                         
3 94,804                            37,694                           3,511                              1,396                         2,018                         
4 (120,442)                        63,921                           (4,461)                            2,367                         
5 (3,996)                             1,700                             (148)                                63                               
                                                                                                                                        

Reach Trends 1984 to 1997-1999 Trends 1997-1999 to 2013 Trends 2008-2012
1 Aggrade Aggrade Aggrade
2 Aggrade Stable Aggrade
3 Aggrade Stable Aggrade
4 Scour Aggrade
5 Scour Unknown

Project Reach Aggrade Stable Aggrade
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Volume estimates from 1997-1999 to 2013 were low in comparison to the volume estimates 
from 2008 to 2012 and 1984 to 1997-1999. Gravel mining was conducted in the channel up 
until just before the 1997-1999 surveys were completed.  These lower rates may be due to 
the sediment filling in what was removed from the river and the 1997-1999 survey not being 
all inclusive of the mining locations.  Table 3-11 below provides estimates for future 
aggradation assuming the observed sedimentation rates for the 3 analysis intervals continue 
50 years into the future.  
 
The vertical change over 50 years in the project reach is estimated by taking the total volume 
resulting from the end area comparisons (Table 3-10)  for each of the 3 intervals and dividing 
by flood prone area in each reach. From Table 3-11we see that 50 year aggradation estimates 
range from 0.3 to 10.2 feet in reach 2 and from 1.4 to 3.5 feet in reach 3. Reach 2 is adjacent 
to the portion of levee slated for removal and setback. Reach 3 encompasses the portion of 
existing levee that will remain un-modified in the near future but has the greatest risk of 
overtopping. 
 
Note that if climate change projections by the UW CIG (2009) hold, the reduced basin 
snowpack and transition to rain dominated flooding should result in increased sediment 
delivery to the river, as well as increased runoff in floods and reduced baseflows, 
exacerbating current aggradational trends. Future increases in sediment delivery are not 
factored into projections provided below. 
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Table 3-11: 50 year estimated project reach (reach 2 & reach 3) historical sediment deposition 

(active floodplain) 

 

 
  

Under existing conditions, if reaches 2 and 3 aggraded 2.3 feet and 4.3 feet respectively 
(average estimate of high and low estimate in project reach using the end area method) the 
current critical levee section would begin overtopping at a discharge of approximately 7,000 
cfs, which corresponds to about the 5% AEP (20 year) flood event. If reaches 2 and 3 
aggraded at the highest annual rate observed, the river would fill the space between the 
levees and flows less than 1,000 cfs would overtop the levee. We don’t feel this estimate is 
reasonable reflection of future conditions as it is based on aggradation rates that may be 
influenced by the effects of gravel extraction.  it is likely that the annual aggradation rates 
estimated from the Lidar comparison are the most reasonable of the rates estimated. Thus a 
reasonable estimate of future bed aggradation under no-action conditions would be 2.4 to 2.0 
feet in reaches 2 & 3 respectively. 
 
Since these rates apply to the confines of the existing active floodplain (total area of 31 acres 
in project reach 2) restoration that includes a setback levee would provide nearly 65 to 92 
acres of additional inundation area for deposition to occur.  Assuming that the provision of 
the additional area for deposition redistributes the deposition uniformly over the entire 
floodplain, the 50-year average aggradation increments in reach 2 could be reduced by 2.9 to 

Existing Conditions (Reach 2, 31 acre floodplain area)

Data Sets Compared

50 Year Aggradation 
from Annual Rate 
Estimates (yd^3)

50 Year Average Cross Section 
Vertical Change (ft) Based on 

Volume/Divided 100-year 
inundation area

1984 to 1997-1999 513,556 10.2
1997-1999 to 2013 17,500 0.3

2008 to 2012 123,100 2.4
Average 218,052 4.3

         

  

   
    

     
    

    
  
 

  
  

  

           

  

   
    

    
    
     

  
 

  
  

  

Existing Conditions (Reach 3, 43 acre floodplain area)

Data Sets Compared

50 Year Aggradation 
from Annual Rate 
Estimates (yd^3)

50 Year Average Cross Section 
Vertical Change (ft) Based on 

Volume/Divided 100-year 
inundation area

1984 to 1997-1999 175,563 3.5
1997-1999 to 2013 69,800 1.4

2008 to 2012 100,900 2.0
Average 115,421.0 2.3
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3.1 feet as compared with existing conditions as shown in Tables 3-12 and Table 3-13 below. 
Assuming the LiDAR based annual deposition rates are most reasonable, long term 
sedimentation within the site could range from 0.6 to 0.8 feet on average. Because of the 
assumptions and limitations inherent with this approach these values should only be used to 
provide initial (planning level) estimates of the risks posed by future aggradation during the 
design phase. 
 
Table 3-12: 50 year estimated project reach (federal levee) historical sediment deposition 

(active floodplain) aplied to restoration Alternative 1 

 

 
 
Table 3-13: 50 year estimated project reach (federal levee) historical sediment deposition 
(active floodplain) aplied to restoration alternatives 2&3 

 
 

       

  

   
   

 

     
     

  
 

  
  

  

Alternative 1 (Reach 2 + 65 acre inundated ERP area)

Data Sets Compared

50 Year Aggradation 
from End Area Analysis 

(yd^3)

Alternative 1: 50 Year Average 
Cross Section Vertical Change 

(ft) Based on 50-year 
Volume/Divided 100-year 

inundation area
1984 to 1997-1999 513,556 3.3
1997-1999 to 2013 17,500 0.1

2008 to 2012 123,100 0.8
Average 218,052 1.4

           

  

   
    

    
    
     

  
 

  
  

  

       

  

   
   

 

     
     

  
 

  
  

  

         

  

   
    

     
    

    
  
 

  
  

  

Alternative 2 or 3 (Reach 2 + 92 acre inundated ERP area)

Data Sets Compared

50 Year Aggradation 
from End Area Analysis 

(yd^3)

Alternative 2&3: 50 Year 
Average Cross Section Vertical 
Change (ft) Based on 50-year 

Volume/Divided 100-year 
inundation area

1984 to 1997-1999 513,556 2.6
1997-1999 to 2013 17,500 0.1

2008 to 2012 123,100 0.6
Average 218,052 1.1
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3.5 Channel Migration Zones 

3.5.1 Lower Dungeness Channel Migration (Jamestown S’Klallam Tribe 2008) 

The Channel Migration Zone (CMZ) is the area which the river channel has occupied in the 
past and other areas it is likely to occupy in the future. It is generally taken to include the 
historic migration zone, the avulsion hazard zone and erosion hazard areas. The channel 
migration zone of the Lower Dungeness River has been addressed in several recent studies, 
most recently in 2008, ”Delineation of the Dungeness River Channel Migration Zone River 
Mouth to Canyon Creek” (Rot and Edens). USBR 2002 and Collins 2005 also addressed the 
historical areas of channel migration in the Lower Dungeness. 
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Figure 3-40. Lower Dungeness channel migration zone. (Source: Rot and Edens 2008) 

Project Area 
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Figure 3-40 shows a channel migration zone delineation for the Lower Dungeness River 
which includes avulsion and erosion hazard areas. The presence of significant side channel 
areas in the upper reaches yield a much wider migration zone than that for Reach 1, where 
levees as well as natural outcrops restrict the channel. Table 3-13 below lists the location of 
named side channels in the Lower Dungeness. Side channels lower water velocities during 
floods providing valuable fish habitat and acting as storage areas for sediments in the 
watershed. 

Table 3-14. Side channel areas in the Lower Dungeness River. (Source Collins, 2005) 

Side Channel River 
Mile 

Landmark Relative location to 
Mainstem River 

 11.8  USGS Gauge   
 11  Agnew Diversion  Left Side  
 10.6  Fish Hatchery  Left Side  
 10.6  Highland Diversion  Right Side  
Kinkade (3 Flow Paths at 
Entrance)  

10.2   Right Side Channel  

 8.5  Independence Diversion  Right Side  
 8.1 to 

7.5  
Dungeness Meadows Levee  Right Side  

 7.5  CCD Diversion  Left Side  
Spring Creek  7.5   Right Side Channel  
Dawley  6.9   Right Side Channel  
 6.9  Sequim Prairie Diversion  Right Side  
 6.4  Highway 101 Bridge   
Upper Right RR Bridge 
(2 Flow Paths)  

5.9   Right Side Channel  

Upper Left RR Bridge  5.9   Left Side Channel  
 5.7  Railroad Bridge   
Lower Right RR Bridge  5.4   Right Side Channel  
Stevens/Savage  4.7   Right Side Channel  
 4  Olympic Highway Bridge 

(Burlingame)  
 

Gagnon Right Flow Path  4   Left Side Channel  
Gagnon Left Flow Path  3.9   Left Side Channel  
Anderson  3.6   Right Side Channel  
 3.3  Woodcock Bridge   
 2.6 to 

mouth  
ACOE Levee  Right Side  

 2.1 to 
1.0  

Olympic Game Farm Levee  Left Side  

 0.7  Schoolhouse Bridge   
 0.8 to 

mouth  
River’s End Levee  Left Side  

 0  River Mouth   
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3.5.2 Channel Migration Zone –Project Reach 

In USBR Reach 1, at high flows, the active channel is slightly meandering with very broad 
meander bends, except where the river flows along a remnant of Pleistocene deposits 
between Matriotti Creek and Schoolhouse Bridge. At low flows, the channel is mostly a 
single branch due to the constriction caused by the levees. A few short side channels, as well 
as a few overflow channels, are present on the east side of the present flood plain. Similar 
side and overflow channels were present on the west side of the prehistoric flood plain prior 
to levee construction. Un-vegetated bars in the active channel are primarily longitudinal bars 
that are preserved along the relatively straight sections of the channel. A few vegetated 
longitudinal bars are also present in Reach 1. 

The prehistoric floodplain widens in this reach and often exceeds 1500 ft (458 m) in some 
locations. At Schoolhouse Bridge, the Dungeness River is currently pinned between 
Pleistocene deposits. The present flood plain is bounded almost entirely by levees, except for 
the portions that are defined by the remnants of the Pleistocene glacial deposits. Sixty 
percent of the right boundary of the present flood plain is defined by levees and 37 percent 
of the left bank is defined by levees These levees reduce the width of the prehistoric flood 
plain by 80 percent. 

Figure 3-41 clearly shows the current confined state of the Dungeness River channel in 
Reach 1 with the levees appearing as dashed white lines. Combined with the trend of 
sediment deposition in this reach, this implies that the channel will continue to aggrade and 
that the channel bed will continue to rise with respect to the surrounding area. 
Recommendations for preserving the current river alignment in this situation include bar 
scalping above levee constrictions to keep the river in channel (USBR) and the construction 
of side channels. 

An additional concern in Reach 1 is the evolution of the natural deposits which constrain the 
channel. Specifically, at RM 1.26, the Dungeness passes around the end of an eroding bluff 
which creates the largest meander bend in the reach.  The ACOE levee parallels this bend on 
the opposite bank. Recently, the point of the bluff has been eroding at an average rate of 
about 10 ft (3.3 m) per year. If this erosion rate continues, then it may eventually result in a 
cutoff of the meander and a steepening of the river channel, with possible implications for 
the left bank downstream of the meander.  

In 2013 the Jamestown S’Klallam Tribe retained the services of Cardno-Entrix to assess the 
avulsion potential of their 60% restoration concept (Figure 3-42). This work leveraged 
recently updated 2-D floodplain modeling for both the 10 year and 100 year flood events and 
included a height above water surface (HAWS) analysis (Figure 3-43) which clearly indicates 
that significant portions of the rivers flow in flood stage will move out of the river and 
occupy the restoration site. The information was presented to the Corps (reports have yet to 
be reviewed). The project geomorphologist expressed the opinion that their restoration 

Note: For side channel locations the river mile is specified at the upstream entrance to the channel. 
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design had a low risk of avulsing down Meadowbrook Creek. A channel hazard migration 
zone map was presented that included the levee setback. The CHMZ for the project shows 
the river being able to migrate into the restored site west of Towne Road. This is consistent 
with the Corps’ opinion, however there may be technical disagreements as to the rate the 
river will occupy the restored floodplain. 

 

Eroding 
glacial 
outcrop 
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Figure 3-41. Channel position of the Lower Dungeness River from 1914 to 2003 at RM 0.9 to 

RM 2.8. (Source: Collins 2005) 

 

 
Figure 3-42. Channel Migration Zone following Restoration (Cardno-Entrix/Jamestown 

S’Klallam Tribe, 2013a) 



H&H TECHNICAL APPENDIX: HYDROLOGY, GEOMORPHOLOGY, HYDRAULICS, & HYDRAULIC DESIGN  

Dungeness River Restoration Project Page 107 
 

 
Figure 3-43. Height above LiDAR Water Surface Elevation map (Source: Figure 2-2 from 

Cardno/Entrix, Jamestown S’Klallam Tribe 2013a)  

 
 

3.6 Historic Alterations and Impacts (excerpted from USBR 2002) 

3.6.1 Lower Dungeness Historic Alterations and Impacts 

Along with the natural processes that cause long term change in a river system, human 
activities also have the potential to affect the plan form of a river. Section 3.3.4.1 discusses 
factors that affect sediment supply in the upper watershed such as logging and road 
construction, however, the human activities that have the greatest effect in the lower 
reaches of the Dungeness stem from the growth of agriculture, commerce, and the 
development of communities in the floodplain. These activities include: 

• Construction of levees 
• Clearing of riparian vegetation 
• Construction of highway and railroad bridges 
• Construction of riverbank protection structures 
• Gravel extraction 
• Water diversions 



H&H TECHNICAL APPENDIX: HYDROLOGY, GEOMORPHOLOGY, HYDRAULICS, & HYDRAULIC DESIGN  

Dungeness River Restoration Project Page 108 
 

 
Figure 3-44. Human influence on Lower Dungeness River banks as evaluated in 2002. (Source: 

USBR 2002).  

Figure 3-44 summarizes the extent of human influence on the banks of the Lower Dungeness 
river as evaluated by the Bureau of Reclamation in 2002. Reach 1 is the most heavily 
affected, with of 80% of bank length constrained, primarily by levees, upstream of the 
Schoolhouse bridge. A lower percentage, about 56% of the bank length is affected 
downstream of the bridge to the river mouth. Note that USACE reaches 1-3 correspond to 
USBR reach 1. USACE reaches 4, 5, and part of 6 overlap with USBR reach 2, and a small 
portion of reach 6 and the entirety of reach 7 fall within USBR reach 3. 
 

3.6.1.1 Levees.  

Because levees affect multiple natural processes, they cause the greatest impact on the 
physical system. Levees cut off side channels and reduce roughness resulting in higher 
velocities and depths in the main channel during floods. The main river channel develops 
coarser sediment beds, elevated gravel bars, less woody debris, and fewer stable pools. 
Because the natural migration of the river between valley walls is prevented by the levee, 
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sediment is no longer distributed throughout the floodplain but aggrades in-channel in 
reaches with low sediment transport capacity. All of these effects alter fish habitat conditions 
including water depth, velocity, sediment substrate, and vegetative cover. Reach 1, along 
with Reach 4, has been the most substantially modified by levees. The 2.6 -mile-long (4.2 
km) Corps of Engineers Levee along the east side of the Dungeness River was completed in 
1963. Other levees include the Olympic Game Farm (Beebe’s) and River’s End levees in 
Reach 1 and the Dungeness Meadows levee and Haller Dike in Reach 4. 

3.6.1.2 Riparian vegetation removal. 

 The clearing of riparian vegetation along the river channel tends to destabilize the channel. 
The root structure from trees reinforces and adds roughness to river banks. When the banks 
do erode, the trees fall in the channel and protect the bank from additional erosion by 
reducing river velocities. When the riparian vegetation is cleared, however, river banks have 
both less strength and lower roughness with consequently higher erosion rates. Riparian 
vegetation also acts as a buffer between the river system and other anthropogenic upland 
changes, reducing overland flow and the migration of fine sediments and pollutants into the 
river. As an example, removal of trees in the vicinity of Railroad Bridge in the early 20th 
century has been linked to severe bank erosion on the Lower Dungeness after 1942. 

3.6.1.3 Bridges.  

Bridges can impact natural river processes by locally constricting the flood plains and the 
active river channel. These local constrictions cut off access to side channels and flood plain 
overflow channels. Bridge constriction can also interfere with the migration of meander 
bends. Most of the bridges along the Dungeness River, however are built at natural geologic 
constrictions in the flood plain and do not, in general, constrict the active river channel. The 
impact of bridges on natural processes in the Lower Dungeness tends to be local, extending 
only a few thousand feet upstream and downstream from the bridge. Presently, the 
embankments of the Woodcock Bridge impose the greatest constriction on the natural 
channel and flood plain. In Reach 1, modifications to the Schoolhouse bridge have been 
examined to alter its embankments and interaction with upstream and downstream levees. 

3.6.1.4 Bank protection.  

A variety of structures are used to control or prevent the erosion of river banks, levees, and 
dikes. Riprap is the most common material used in these erosion control structures, but 
wooden bulkheads and large woody debris have also been used. Bank protection structures 
do impact natural processes when they protect levees, dikes, and bridges, or otherwise cut off 
the flow access to side channels and flood plains. However, bank protection placed on 
natural river banks experiencing erosion as a result of human impact can also be viewed as 
mitigation for the human impact and, when designed properly, can restore some natural 
function. 
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3.6.1.5 Gravel mining. 

 Gravel has been extracted or mined from the Dungeness River channel at various locations 
in an attempt to control aggradation. However, gravel excavation can cause the channel to 
migrate laterally or initiate headcut erosion. Gravel traps that can fill during a single winter 
flood also present a hazard to spawning fish. Judicious gravel mining can also be used as 
mitigation. In Reach 1, gravel extraction may be needed as mitigation for local aggradation 
caused by levee constrictions and to prevent the channel from flowing over the east flood 
plain after a levee setback. Historically, gravel has been extracted from Reach 1 near the 
Olympic Game Farm from at least the 1940s until the 1990s (USBR, 2002).  Gravel was also 
extracted from RM 7 to 8 from 1992-1996 approx 200,000 cubic yards of sediment were 
removed adjacent to the Dungeness Meadows Levee. Reports of the channel lowering by as 
much as 8ft. Gravel has been excavated periodically from the river bed from river mile 2.6-
4.6.  One area was upstream of Woodcock bridge in 1996. 

3.6.1.6 Water diversion.  

The diversion of river water for irrigation or municipal uses reduces the river flow, depth, 
velocity, and wetted channel width. When river flows are high, however, the amount of 
water diverted is relatively small. Further, the majority of channel forming high flows occur 
during the winter months when significant quantities of water is not diverted for agricultural 
purposes. This reduces the effect of water diversions on channel geomorphology, however, 
water quality is often affected. The reduction of river flow in summer, and the resulting 
decreases in water velocity, depth, and wetted width can lead to increases in water 
temperature and potentially allows fine sediments to temporarily deposit along the riverbed 
potentially affecting fish habitat.  

 

Table 3-14 provides a summary of the principal man-made and natural features that affect 
the Lower Dungeness. The man-made features listed in the table may have positive as well as 
negative impacts to river morphology depending on whether they have been constructed as 
mitigation or restoration for other human activities. 
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Table 3-15. Natural and man-made features that affect the floodplain of the Lower Dungeness River. 
 River 

miles  
Natural features that affect river 
corridor (Present or Prehistoric)  

Human features that impact river corridor  Human features that have 
little impact on river corridor 

Feature or Activity Potential Impact 
Reach 5 10.5-

9.0  
Active floodplain restricted by rock on 
the right and rocks and glacial deposits 
on the left; Kinkade Island and Kinkade 
Creek (side channel creating split flow 
around a tree-covered island); natural 
log jam at head of Kinkade Creek 
restricts sediment and flow into side 
channel  

Levee on right bank along 
irrigation ditch opposite Fish 
Hatchery;  
Levees along right bank along 
Kinkade Island  
Upper end of Haller dike on 
left bank at the downstream 
end of the reach  

 Riprap and houses along 
Kinkade Creek; Riprap or logs 
along left and right banks; 
Protection of high bank along 
County Road  

Reach 4 9.0-
7.0  

 

Active floodplain restricted on the right 
by mostly well-defined banks of 
Pleistocene terrace; on the left about 
half of the banks are well defined, half 
are poorly defined  

Dungeness Meadows levee (~1 
mi long) on right; Levee on left 
(Haller dike; ~0.5 mi long) 
Logging, especially since 
1942/43  

Narrows active channel and present 
floodplain; Decreases sinuosity; 
Restricts flow into side channels; 
Decreases riparian vegetation; 
Raises height of gravel bars  

Short, low levees or dikes on 
left; Taylor Cutoff Road 
Gravel excavation in active 
channel near Dungeness 
Meadows levee 

Reach 3 7.0-
4.6 

Unstable bed, both in plan form and 
vertically; multiple, low-flow channels;  
Active floodplain confined by well-
defined to poorly defined Holocene 
terraces (both sides) or remnants of 
Pleistocene glacial deposits (left side) 

Railroad Bridge, especially 
embankment on right just 
upstream of bridge  

Embankment has restricted flow on 
right side of floodplain 

Riprap and (or) anchored logs 
on left bank at Severson’s 
property, along embankment 
at Railroad Bridge, and right 
bank downstream of Highway 
101 Bridge 

Log jam placed at head of side 
channel on left  

Restricts sediment and flow into 
side channel, which is now fed by 
groundwater only 

Logging in floodplain Changes in location of active 
channel; Loss of riparian habitat 

Reach 2 4.6-
2.6  

Active floodplain confined by most 
fairly well-defined Holocene terraces 
(both sides); distance between these 
banks is variable  
 

Woodcock Bridge  Together cut off part of active 
floodplain; Decrease riparian 
vegetation 

Riprap on right bank 
upstream of Woodcock 
Bridge Gravel excavation in 
active channel 

Ward Road and embankment 

Olympic Highway Bridge  Restricts deposition vertically   
Reach 1  2.6-0  Active floodplain naturally confined on 

left by high bank of Pleistocene 
sediment between Matriotti Creek and 
Schoolhouse Bridge (RM0.9 to RM1.7); 
Active floodplain also naturally 
confined by remnants of Pleistocene 
deposits at Schoolhouse Bridge and 
Dungeness School  

ACOE Levee  Restricts overbank flow and 
sediment deposition on right  

Schoolhouse Bridge Gravel 
excavation in active channel  

Olympic Game Farm (Beebe’s) 
Levee 

Restricts active floodplain and 
eliminates side channels on left; 
Reduces riparian habitat 

River’s End Levee Restricts overbank flow and 
sediment deposition on left 

All three levees together Restricts movement and migration 
of the active channel 

(Source: USBR, 2002) 



 

 

3.6.1.7 Lower Dungeness Influence of Large Wood (USBR 2002) 

Riparian vegetation and woody debris are important components of the river in that they 
maintain scour pools, side channels, and diverse habitats utilized by fish and other species. 
During the summer-low flow period, the deeper depths associated with scour pools provide 
lower velocities and cooler water temperatures important for fish. During floods in the 
winter or spring snowmelt periods, scour pools and side channels provide refuge areas where 
fish can escape turbulent, high velocity and high turbidity areas of the river. Large woody 
debris often collects at the entrance to side channels. The woody debris limits the amount of 
water and substantially reduces the concentrations of coarse sediment entering these 
channels. This leaves the main river channel with less flow and leads to deposition of coarse 
sediments. Also, large woody debris tends to become stable in the main channel. As the main 
channel continues to aggrade, more river flow will enter the side and overflow channels. 
This process ultimately results in a shift in channel position, or avulsion, during a flood when 
the majority of river flow is diverted into a side or overflow channel. 

Out of the five reaches in the lower Dungeness River, Reach 3 appears to contain the largest 
amount of woody debris and Reach 1 appears to contain the least. Woody debris is common 
in Reach 4 as a whole, but is sparse in the section adjacent to the upstream end of the 
Dungeness Meadows Levee. In most reaches, woody debris is concentrated in areas where 
there are multiple channels and the river is sinuous, rather than in areas where the channel 
is constricted and the river runs straight. Wood is found primarily at meanders and on 
elevated bars. 

Until the late 20th century, woody debris was routinely cleared from the floodplain. 
Recently, in-channel wood supplies have increased along with the construction of 
engineered logjams in certain locations. In 2007-2009 jams were placed between RM3.3 and 
the Highway 101 Bridge and highly productive side channels for salmon are present in this 
reach associated with forested areas. (DRCFHMP, 2009) 

Table 3-15 lists the wood conditions reported by the Bureau of Reclamation in 2002, based 
on earlier surveys. Although the conclusions were not definitive, the conditions in 2002 
showed increased availability of wood compared to aerial surveys in 1965 (see comparison in 
Figure 3-45). The available wood was mostly on elevated bars not generally accessible at low 
flows. The USBR noted that the quality of the 1965 photographs and the inability to view the 
photographs stereoscopically may account for the lower incidence of identified wood in the 
channel in 1965. 

Recent site visits by the Corps (2011, 2013 – see Appendix HH-3) indicate continued 
accretion of large wood: primarily alder, cottonwood, and maple less than 75 years old. Trees 
are now tall enough to form stable jams in wide areas of river. Wood is still sparse in leveed 
reaches where flood depths are high enough to float out large pieces and high velocities 
prevent the formation of stable jams. Naturally occurring processes in the floodplain such as 
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lateral migration and sedimentation continue to recruit and stabilize wood from forested 
floodplain bars. 

Data Needs: Although the amount of wood in USBR Reach 1 appears to have increased from 
the levels identified in 2002, more recent aerial photographs and LIDAR are available. An 
assessment of the current amount and type of woody debris in the project reach would 
inform the decision-making process about placement of additional wood and jams as well as 
indicate trends for woody debris depletion or accretion in the Lower Dungeness. This work 
will be completed in the design phase of the project. 

Table 3-16. Observed in-channel woody debris in the Lower Dungeness River in 2002. (Source: 

USBR 2002) 

Reach  Relative amount  Location and pattern  Number of piles 
readily mapped; 
Number of pile 
per mile1  

Reach 5  Common to nearly 
absent  

Concentrated at meander bends; 
nearly absent along straighter 
sections of reach; largest 
accumulations are (1) at the tight 
meander just downstream of the Fish 
Hatchery and (2) just upstream of this 
tight meander at the head of Kinkade 
Creek; some woody debris along 
Kinkade Creek  

39; 39  

Reach 4  Common; less than 
in Reach 3  

Primarily at meanders at the 
upstream and downstream ends of 
reach; less debris upstream of about 
RM 8, at the upper end of the 
Dungeness Meadows levee; on 
elevated bars along the straight, 
middle section of the reach adjacent 
to the Dungeness Meadows levee  

55; 22 (for entire 
reach) 23; 23 
(adjacent to 
Dungeness 
Meadows levee) 
10; 10 (just 
upstream of 
levee)  

Reach 3  Prevalent  Abundant, especially at meander 
bends; large piles in the center of the 
active channel and along the sides of 
the channel; debris in complex pile of 
interconnected logs; logs appear to be 
of several ages; also preserved in 
flood-flow and abandoned channels  

77; 31  

Reach 2  Common  Abundant, especially at meander 
bends; also preserved in flood-flow 
and abandoned channels  

16; 8  



H&H TECHNICAL APPENDIX: HYDROLOGY, GEOMORPHOLOGY, HYDRAULICS, & HYDRAULIC DESIGN  

Dungeness River Restoration Project Page 114 
 

Reach 1  Very little  Very little except at meander bends; 
concentrated at the relatively tight 
meander bend at the remnant of the 
Pleistocene deposit on the left near 
RM ; small pieces stranded on 
elevated bars elsewhere  

4; 1.6  

 

 

Figure 3-45. Comparison of in-channel woody debris between 1965 and 2000. (Source: USBR 

2002) 

 

3.7 Summary of Future Without-Project Geomorphic Trends 

The Dungeness is a steep, sediment-rich watershed which terminates in a low gradient 
floodplain. Whereas the natural terminus in such a system would be a river fan that 
meanders and migrates laterally over time, considerations for human settlement, agriculture 
and commerce constrain the river to a fixed corridor. The result is continued aggradation 
throughout the lower reaches of the Dungeness even in high-velocity leveed reaches. At the 
project site, upstream of the Schoolhouse Bridge, the channel is highly altered by human 

1965 

2000 
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activities, confined by levees and natural outcrops and disconnected from the historic 
floodplain. The current channel constraints combined with the aggradation process imply 
the following possible consequences: 

• Floodplain processes and fish habitat will continue to be degraded in areas cut off from 
the main channel. The current levee locations cause the main river channel to have 
coarser sediments on the bed in the highly constricted areas, along with bars of finer 
material in the backwatered areas immediately upstream of the constraints. These reaches 
also have less woody debris and fewer stable pools.  

• Within the confines of the leveed reach, the river channel will continue to experience 
non-normative rates of channel disturbance (bed scouring, deposition) during floods due 
to the artificially high (and low) velocities and mobility of sediments at high flows, 
coupled with lower than natural rates of channel migration due to the presence of 
erosion resistant revetments.  

• Baring levee breach that includes avulsion, the active channel area will likely increase to 
the limits of the mapped channel migration zone (Figure 3-40) due to deposition and the 
river will slowly migrate toward and become entrained upon erosion resistant outcrops 
and revetments, such as the glacial outcrop on the left bank upstream of Anderson Road. 
It is likely that erosion of the bluff at RM 1.26 will continue with the possibility of 
development of a meander cut-off and a steepening of channel gradient at this location. 

• Bar top elevations will continue to increase to due to overbank deposition within areas of 
high roughness and continued vegetation encroachment (mid channel forested islands, 
etc.). The recruitment of wood into the channel will continue and likely increase as the 
cottonwood trees that have colonized bars within the active floodplain begin to reach 
maturity and die off. Deposition of wood will be governed by channel depths in floods, 
however the narrow width of the river, high bedload, and anabranching planform will 
favor retention of large sized snags and formation of stable logjams. As logjams deflect 
flows, more wood will be recruited to the channel. Stable in-channel wood will recruit 
sediment and amplify deposition upstream of obstructions and could result in degradation 
downstream. Reaches with wider active floodplains will be more favorable for logjam 
formation than areas with narrower floodplains. Areas experiencing increasing numbers 
and sizes of logjams will be more prone to gravel and wood storage, which could locally 
increase rates of bank erosion and channel migration. 

• Continued increases in bed elevation will result in corresponding increases in the water 
table, tree die-off, and loading on the levee foundation which also increases the risk for 
piping failure prior to levee overtopping. Continued aggradation in conjunction with a 
status-quo Federal levee in sediment Reach 3 will ultimately lead to severe levee damage 
and warrants proactive efforts to set the levee back to reduce the vulnerability to flooding 
and sedimentation over time. 
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• In the case of a levee breach, flooding could be experienced by dozens and potentially 
hundreds of homes and properties (Appendix HH-7). If the breach is accompanied by 
local debris blockages in the main river channel risks increase for an avulsion of the river 
landward of the existing levee. Whether or not an avulsion occurs depends on the 
location of the breach or overtopping, flood magnitude and duration, the amount of 
antecedent aggradation in the main channel, the location and orientation channel 
features such as bars and woody debris jams at the time of overtopping, and if the Sequim 
Dungeness Way road embankment is eroded as a result of overtopping.  

• Hydrologic changes resulting from expected climatic change are likely to result in larger 
and more frequent rain dominated floods in the fall, reduced snowpack, and reduced 
spring and summer runoff and base flows. The higher peak flow and lower spring melt 
may result in more channel disturbance (increased episodic delivery of sediment to 
channel) and reduced runoff for reworking flood deposits. This could increase the 
tendency for channel braiding if sediment supply begins to overwhelm transport 
capacity, and more frequent rain floods destabilize banks.  Reductions in stream flow 
coupled with increased sediment delivery and a reduction in vegetative cover associated 
with braiding are likely to degrade salmon habitat over time. 

 
Please see Section 6 for discussion of potential with project geomorphic and hydraulic 
conditions with restoration. 

 

4 HYDRAULICS 

This chapter presents a summary of floodplain conditions, relevant previous hydraulic 
modeling efforts and studies, as well as those completed as part of this study. It also includes 
a summary of existing floodplain infrastructure that has significant impacts on flood potential 
or patterns.  

4.1 Current floodplain conditions 

4.1.1 Overview 

The Lower Dungeness River floodplain extends from Dungeness Bay to RM 10.5 
near the USGS long term stream gage near Sequim. For much of its length, the river 
has a fairly narrow floodplain, and laterally migrates where free to do so between 
hard points or the valley walls (see chapter 3). The coarse bedded river alternates 
between a braided to anabranching (forested island) morphology. The river is steep 
and has a high transport capacity for its small size, and can transport gravel to the 
river mouth. The floodplain broadens abruptly at the upstream end of the Federal 
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levee, where the river historically flowed down Meadowbrook Creek to Dungeness 
Bay. The Federal levee, constructed in 1961, prevents the river from re-occupying 
this historic distributary at present. The FEMA floodplain maps (discussed below) 
include large areas of this historic floodplain on the effective flood insurance rate 
maps. Levees line more than 30% of the river banks in the lower 10.5 river miles. 
The January 2002 flood event (flood of record) caused widespread bank erosion and 
flood damage, requiring repairs to several levees and losses of some residential 
structures due to bank erosion. The Federal levee was not overtopped in this event. 
 

4.1.2 FEMA Regulatory Floodplain and Floodway Issues 

The Lower Dungeness River floodplain is shown in the effective FEMA flood 
insurance rate maps (FIRMs) which date from 1984 and were developed as part of 
the National Flood Insurance Program (NFIP).  The effective FEMA floodplain and 
floodway extents in the project reach are shown in Figure 4-19. These maps are 
based on river bed elevations that do not include the effects of more than 30 years of 
aggradation. Fortunately the increased period of record has reduced the estimated 
100-year peak discharge. The flood insurance study (FIS) modeling is described in 
more detail in the following section 4.2 but is generally considered outdated. 
 
Until the FIS is revised the FIRM will remain effective and have significant bearing 
on the restoration project. The presence of the regulatory floodway landward of the 
Federal Levee is a unique challenge for a levee setback project requiring nuanced 
thinking and flexibility to surmount. The floodway is a zone with the most 
restrictive development codes. These codes exist to prevent development from 
increasing flood levels more 1 foot from those shown on the FIRM. Areas between 
the extent of the 100-year floodplain and the floodway are referred to as the 
floodway fringe. This is an area where development can occur without causing flood 
levels to rise more than 1 foot (typically). Projects that place fill in the floodway 
necessarily require demonstration that they will not cause an unacceptable rise in 
the floodway. For many jurisdictions no rise in the floodway is permitted, however 
FEMA has relaxed this standard for ecosystem restoration projects seeking to 
enhance fish habitat. For fish habitat enhancement projects such as this the guidance 
from FEMA is to minimize the rise – but no specific allowable rise is provided. 



H&H TECHNICAL APPENDIX: HYDROLOGY, GEOMORPHOLOGY, HYDRAULICS, & HYDRAULIC DESIGN  

Dungeness River Restoration Project Page 118 
 

Consultation with FEMA hydraulic engineers on similar projects has resulted in 
acceptable rises of 0.1 to 0.2 feet in the floodway.   
 
Floodway limits are computed from hydraulic modeling using what is referred to as 
an encroachment analysis. Current methods require removing levees from the model 
if they don’t contain the base flood event (100-year). Then the model is “encroached” 
 to represent the effects of future development by blocking areas of each model cross 
section starting at the valley wall, and expanding toward the river. The model is run 
and the encroachment limits adjusted iteratively until the rise in the 100-year flood 
reaches some maximum value (typically1 foot).  When public works projects like 
bridges and levees are constructed in the floodway, if unavoidable floodway rises are 
likely to result, FEMA requires the project proponent to request a FIRM revision to, 
which entails a public process.  If the changes to the floodplain are substantial, flood 
easements, and flood mitigation may need to be offered to impacted property 
owners.  
 
In the case of the Dungeness River, if the floodway were to be recomputed in the 
project reach for existing conditions, given the perched river channel, and inability 
of the levee to contain the 100-year base flood, much of the water would leave the 
main river channel in the model and flow through the lower topography of the 
restoration site. It is possible that an updated encroachment analysis could result in 
the floodway expanding further into the restoration site, even though the magnitude 
of the 100 year flood discharge estimate is lower than when the floodway was first 
determined.  
 
If the restoration project only removes the levee from the floodway and sets it back 
to the property boundary, the technical work needed to demonstrate that the project 
effects are not harmful may be limited to presentations of the modeling results that 
show flood levels are reduced by the project.  However, if the constructed setback 
levee or other project feature results in filling of a portion of the floodway, a “zero 
rise” analysis would normally be required, per the requirements of the FEMA Region 
X fish enhancement policy. This analysis is complicated by the outdated FIS 
hydraulic model and uncertainty whether or not an updated floodway encroachment 
analysis must also be performed prior to determining the effects of the floodway fill.  
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An alternate approach is to complete a Conditional Letter of Map Revision (CLOMR) 
during the design phase to provide up to date flood map risk information that show 
the proposed changes to the regulatory flood maps. At present the FEMA 
requirements for analyzing leveed systems are not final, and the requirements to 
complete a CLOMR are unknown.  
 
For purposes of the 10% design, the PDT has assumed that the 100-year event will be 
used for design and setting the levee crest and that floodway fills should be avoided 
to the extent possible. At present the conservatively designed 10% alternatives 
require a small amount of encroachment into the floodway (due to freeboard 
allowance).  Other areas of floodway would be filled as well (forested terraces); 
however the volumes of these terraces are less than the volume of adjacent 
compensatory excavation (levee removal, side channels).   
 
At this stage it is assumed that a comparison of with and without project water 
surface profiles based on 2-dimensional hydraulic modeling will be sufficient to 
demonstrate no rise in the floodway resulting from the project.  These assumptions 
will be validated with FEMA representatives and the sponsor prior to initiation of 
35% design. 
 

4.1.3 Floodplain Infrastructure  

Floodplain infrastructure is detailed in the USBR 2002 study and in the Dungeness 
River Comprehensive Flood Hazard Management Plan (DRCFHMP 2009). Floodplain 
infrastructure includes roads, bridges, utilities, water intake and outfalls, local 
drainage structures, levees, and in-stream habitat improvement projects. Bridges and 
levees form floodplain constrictions which can have reach scale influences on flood 
hazards and geomorphic processes, especially storage of sediment upstream of 
constrictions. Floodplain infrastructure that has an influence on potential restoration 
project conditions is summarized below.  

 

4.1.3.1 Bridges and Roads (USBR 2002) 
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The Dungeness River is presently crossed by five bridges in the lower 10.5 mi (see 
Figures 3A and 3B). From upstream to downstream, these bridges are: 

 
1. Highway 101 Bridge at RM 6.4 , span of 590 ft (180 m)  
2. Chicago, Milwaukee, St. Paul & Pacific Railroad Bridge (Railroad Bridge) at 
RM 5.7, has been a footpath since 1992 and is also known as the Howe Truss 
Bridge, span of 1005 ft (306 m)  
3. Burlingame Bridge on Old Olympic Highway, at RM 4, span of 430 ft (131 
m), rebuilt in 1998-99 (previous span of 130 ft [40 m])  
4. Woodcock Bridge, also known as the Ward Bridge or Ward Road Bridge, at 
RM 3.3, 
span of 405 ft (123 m) 
5. Schoolhouse Bridge near the Old Dungeness Schoolhouse at RM 0.7 along 
School Road or Marine Drive, span of 200 ft (61 m)  

 
All of these bridges appear to laterally confine the river channel (reducing lateral 
migration rates) and on aerial photos appear to locally influence gravel bar formation 
and channel locations. Of these bridges, the Schoolhouse Bridge has the most effect 
on the restoration site. The bridge is located at a natural geologic constriction but the 
riprap armor further constricts flow. This results in a backwater effect within the 
restoration site (see Previous Hydraulic and Sedimentation Investigations section 
below for more information). 

4.1.3.2 Levees and revetments (USBR 2002) 

Levees (sometimes referred to as dikes) and bank protection have been constructed 
along more than 30% of the lower 10.5 river miles. In the project reach (USBR reach 
1) almost 90% of the river is impacted by bank hardening or levees. Levees are often 
lined with rock to provide additional protection from floods. A 1935 map of the 
Dungeness River shows wooden bulkhead structures in many of the same areas where 
levees exist today (Metzger, 1935). The major levees from upstream to downstream 
are as follows: 
 

1. Kinkade Levee, RM 9.6 to 9.9 on east bank, a County levee along the west 
side of Kinkade Island built between 1957 and 1977 
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2. Haller Dike, RM 8.57 to 8.87 on west bank, originally a private levee but 
replaced and setback by the County in 1997 
3. Dungeness Meadows Levee, RM 7.5 to 8.1 on east bank, private levee at 
Dungeness Meadows Neighborhood built in 1960s  
4. USACE Federal Levee (Federal Levee), RM 2.6 to near the mouth on east 
bank, originally a smaller, private levee and rebuilt by the USACE in 1961. 
Levee is owned and maintained by the project sponsor, Clallam County. 
5. Olympic Game Farm Levee (also known as Beebe’s Levee), RM 2.1 to 1.0 on 
west bank, private levee originally built in early 1900's and later expanded in 
response to construction of the Federal Levee. 
6. River’s End Levee, RM 0.8 to near the mouth along west bank, originally a 
private levee and now maintained by the County to protect private residences. 
The levee is not maintained and is gradually eroding. There are no plans to 
rebuild the levee. 

 
In addition to levees, several reaches of river have riprap or other forms of bank 
protection to prevent erosion. River bank protection is defined in this report as 
material placed along a river bank to protect the bank from erosion, but none of the 
material is placed higher than the elevation of the terrace. The majority of levees also 
have riprap on them, and often private landowners on the other side have responded 
by hardening the opposite bank with riprap to prevent flooding and erosion. In some 
areas such as downstream of the Railroad Bridge on the west bank, logs and/or log 
jams have been used to protect the bank while also providing fish habitat. 
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4.2 Hydraulic Investigations Performed for this Study 

Channel conditions have changed sufficiently since the last surveys by the USBR were 
conducted (1999 to 2001) to increase concerns about the level of protection provided by the 
existing levee. The uncertainties associated with available data were sufficient to warrant 
resurvey of the lower 3 miles of the Dungeness River for purposes of evaluating hydraulic 
conditions and changes in bed elevations (see section 3.4). The primary purpose of the 
hydraulic modeling described herein is to establish the current floodplain extent and level of 
protection provided by the existing levee. The secondary purpose is to define the floodplain 
extent associated with restoration and post-project flood risks. 
 

4.2.1 Existing Conditions Channel Surveys 

In summer 2013 hydraulic engineers at the Seattle District surveyed the active channel at 54 
cross sections between River Mile 0 and River Mile 3.5. To achieve survey grade accuracy all  
cross section end points were surveyed by NTI Inc. under contract with Clallam County. In 
the interest of time, only the main channel below OHW and adjacent side channels and 
islands were surveyed. This data (See Appendix HH-6) for a detailed report of cross section 
locations and data. A representative cross section in the leveed reach upstream of the project 
(F, near RM 2.1) is shown in Figure 4-1, where ongoing aggradation has increased the risk of 
levee overtopping. A representative cross section in project reach where levee removal will 
end (X, near RM 1.3) is shown in Figure 4-2. At this location the river invert is higher than 
some of the project lands east of the levee. Note the accumulations of wood and gravel, and 
smaller grain size relative to cross section F, owing to the wider floodplain and shallower 
depths in this reach. A representative cross section in project reach where levee removal will 
terminate (AI, near RM 0.8) is shown in Figure 4-3.  At this location it is proposed to connect 
a large side channel to the right bank to drain floodwaters that would otherwise pond next to 
the setback levee. Note the fining of gravel relative to the upstream cross sections. 
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Figure 4-1 Representative channel survey transect F along Federal levee, upstream of project 

near RM 2.1, where levee over-topping risk is greatest. Beebe levee at left bank. 
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Figure 4-2 Representative channel survey transect X, near upstream end of levee removal, 

near RM 1.3.  Federal levee at right bank. 
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Figure 4-3 Representative channel survey transect AI at downstream end of project, just 

upstream of Anderson Rd bridge, where levee removal will begin, near RM 0.8. Federal levee 

at right bank. 
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4.2.2 Existing Conditions Hydraulic Analysis 

 
This section describes the data used to construct a, existing conditions 1-D/2-D hydraulic 
model of the lower 3-miles of the Dungeness River, and the resulting flood profiles and 
inundation limits. 

4.2.2.1 Hydrologic Data  

o For purposes of confirming the beneficial impact of restoration on fish habitat, 
changes in main channel discharge, velocity, shear stress, and Froude number 
during the 100-year flood, with and without restoration, are shown in Table 4-3. 

o Downstream boundary conditions 

4.2.2.2 Geometric Data 

50 channel cross sections are available but the river was “burned” into the LiDAR terrain 
data using the routines of HEC-RAS Mapper and the model was then calibrated to bankfull 
indicators. Figure 4-4 and Figure 4-5 provide a schematic of the base conditions and with 
project conditions modeling.  
 

Table 4-1 Hydraulic model data source summary 

 

 

Data source
Dungeneness Bay bathymetry UW 2005 DEM bathy for Dungeness Bay

2012 FEMA LiDAR for Jefferson and Clallam County
Inferred  contours from 2013 NTI survey & 2012 Lidar

River bathymetry 2013 river survey by USACE/NTI
(burned into 2012 lidar using RAS 5.0)
2013 NTI survey (NOSC)

Topo 2012 FEMA lidar for Jefferson and Clallam County
2008 JSKT Lidar + USACE synthetic bathymetry

Tidal Datums NOSC/Cardno Entrix 10% preliminary design report for 
3 crabs nearshore and estuarine restoration project

tidal flood freq stats NOSC/Cardno Entrix 10% preliminary design report for 
3 crabs nearshore and estuarine restoration project

Real time river flows WA DOE gage at Dungeness
Low flow calibration data Lidar elev. of water surface, Mar 24 2012
Flood frequency flows USGS gage near Sequim, (transferred to Dungeness)
Flood stages HEC-RAS model
Levee elevations 2012 Lidar data

NLD (not used)
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4.2.2.2.1 Existing Conditions Hydraulic model parameter summary 

 
• 2-D grid cell dimensions 

o Fed levee to east delta: 25’ x 25’ 
o West delta: 25’ x25’ 

• Manning’s n values:  
o Main channel .03-.045; 
o  overbanks 0.03 to 0.1,  
o 2-D grid: 0.06 

• Lateral weir coefficients:  
o natural overflow, vegetated: 0.2-0.25 
o levees, roads: 2-2.5 

• Unsteady flow parameters:  
o Hydrograph: low flow ramped up to peak flow held steady for 1 day 
o Time step: 1 minute 
o Theta weighting coef: 1D = 1, 2D = 1 
o Equation set: 1D = full momentum, 2D = diffusive wave 
o Lateral structure flow stability factor = 3 
o Weir flow submergence decay exponent = 1 

• Breach analysis:  
o Location: station 13816.74 
o Lateral weir – 16566.32 (federal levee) 
o Failure mode/trigger – overtopping at set time (02 Jan 2000, 1200 hr) 
o Progression to full breach – 1 hr, sinusoidal 
o Final bottom width/side slopes – 75 feet, 2:1 
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Figure 4-4 HEC-RAS 5.0 model schematic and vicinity map showing locations of surveyed cross 

sections (black lines with white labels).  
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Figure 4-5 HEC-RAS 5.0 model schematic for existing conditions. Dark polygons are 2-D 

storage areas, blue polygons are 1-D storage areas. The 2-D grid cell dimensions are 25’ x 25’ 
due to the steep topography and need to capture the influence of roads. 
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4.2.2.3 Results of Existing Conditions Hydraulic Analysis of the 100-
year Floodplain 

HEC-RAS 5.0 was used to evaluate floodplain conditions of the Dungeness River from the 
Old Olympic Highway bridge to the river mouth. The model includes 2-dimensional storage 
areas behind the Federal levee that extend to tidelands and are hydraulically connected to 
the river via tidal channels and to Dungeness Bay via the beach berm. A 2-dimensional 
storage area is also provided to capture the out of river flows downstream of Anderson Road 
on the west side of the Delta. The advantage of including the 2-dimensional storage areas is 
that they simultaneously model conveyance (flow) and storage (attenuation) in complex 
areas that are difficult to model with traditional 1-dimensional versions of HEC-RAS. 
Previous studies by others (USBR 2007, JSKT 2013) have also relied upon 2-dimensional 
hydraulic modeling to overcome the limitations posed by the available 1-D models. 
 
The maximum computed water surface profile is shown in Figure 4-7 and Table 4-2 with 
respect to levee elevations. The maximum computed inundation limit is shown in Figure 
4-14. Natural constrictions and levees result in a narrowing of flood prone widths and 
increases in flood depths. Conversely the shallowest depths and widest floodplains are 
associated with the unconfined reaches where the river spreads into side channels and its 
floodplain. The model predicts that a large area next to where Ward Road crosses Matriotti 
Creek will be flooded by river backwater.  
 
The model predicts that overtopping of the Federal levee is likely prior to the peak of the 
100-year event about 4500 feet upstream of the south boundary line of the ERP.  The 
resulting overflows would likely overtop the levee access road by less than a foot unless the 
levee was to breach. The overflows concentrate in low lying pasture land, following an old 
river channel until intercepting the ERP project boundary. From there water continues to 
follow old river channels, eventually reaching Meadowbrook creek, where it then flows 
under Sequim Dungeness Way and through the town of Dungeness before flowing into the 
estuary near 3-Crabs road. Because the model does not include the culverts under Sequim 
Dungeness Way, the water backs up in the model, which creates a more conservative picture 
of inundation under existing conditions.  Note that since this is a steady state simulation, 
flows are held at the peak for several hours, which creates a larger floodplain than would 
occur under real world conditions due to the flashiness of the river and short duration of 
overtopping. For example the peak of the flood of record (January 2002) lasted for about 4 
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hours before receding to half its peak value in 24 hours. In contrast the model is ramped up 
to the peak and help steady until steady state conditions are achieved, which in most cases 
was about 24 hours. 
 
While the duration of overtopping may be short, the risks posed by overtopping are 
significant and likely increase the risks of levee breaching in a major flood event. To 
understand the risks posed by the overtopping, we let the model breach the levee at the 
critical section when flows reached their peak stage in a period of an hour. The breach 
progression was assumed to be sinusoidal, stabilizing at a bottom width of 75 feet with 2:1 
side slopes. The resulting floodplain map shows significant worsening of the floodplain, with 
floodwaters quickly reaching the Town site of Dungeness. Notably the floodwaters 
concentrate between Town Road and the levee until reaching the ERP site, where they 
follow low topography to Meadowbrook Creek, then overtop Sequim Dungeness Way, then 
flow along Meadowbrook creek and through farm fields and residences to the estuary.   
 
To date, failure of the levee has not been recorded. Review of the potential floodplain 
resulting from a breach scenario indicates that the Federal levee has provided economic 
benefits to the properties and residents behind the levee in terms of reduced flood damages. 
Elimination or failure of the levee would pose significant hardship on the impacted property 
owners and residents.  
 
Analysis performed for this study and others (Cardno-ENTRIX 2013a, USBR 2007, USBR 
2002) determined that the existing levee no longer contains the original design flood event 
(0.5% annual chance, or 200-year flood). Consultations with Northwest Division planning 
and engineering leads indicated that there is no need to demonstrate performance of the 
project under original design flood conditions, only a need to demonstrate that the proposed 
project does not worsen flood conditions (USACE 2013a).   
 
Previous hydraulic studies, as well as this one, have determined that the levee does not quite 
contain the 1% annual chance flood. Recognizing that the levee contains less than the 100-
year event could warrant designing to a lesser discharge, however the 1% annual exceedance 
chance (100-year) flood event could potentially be contained by the existing levee if flood 
fighting operations (sandbagging) are successful. For purposes of evaluating existing 
conditions for this feasibility study we modeled conditions during the 100-year event using a 
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steady discharge equal to the predicted 100-year peak discharge, and as a synthetic balanced 
hydrograph peaking at same discharge. Because of how steady flows were stepped up from 
base flows in the model we have snapshots in time of lesser flood flows that can be used to 
evaluate flood risks at lesser discharges if needed. 
 
The existing levee appears to be most vulnerable to overtopping near RM 2.62 and RM 2.65 
(between HEC-RAS model stations 13979.38 and 13816.74, which corresponds to field 
surveyed cross sections E and F, respectively). The levee begins to overtop at a discharge of 
8600 cfs, which based on the Anderson Road Bridge flood frequency curve, corresponds to a 
69-year or 1.45% annual chance Level of Protection (LOP). Peak overtopping depth is about 
0.3 feet. This location represents a critical section for stability analysis and breach analysis. 
 
 The computed potential energy grade line is the sum of the velocity head (kinetic energy of 
flowing water) and hydraulic grade line (elevation of the water itself) and is reflective of 
conditions where flowing floodwater is forced to stagnate due to backwater or obstructions 
to flow, often found along the outer margins of a flooded areas. Comparisons of the freeboard 
with respect to the energy grade line along the levee indicate that the levee is at elevated risk 
for overtopping between RM 2.65 and RM 2.5. 
 
Because previous hydraulic studies have indicated that the levee has insufficient freeboard to 
contain the 100-year event, this finding is not surprising. 
 
Per Figure 4-7 and Table 4-2, upstream of the critical section, freeboard ranges from 1.6 to 
3.6 feet. Downstream of the critical section freeboard ranges from 0.4 to 9.5 feet. Within the 
segment of the levee that is slated for removal, freeboard ranges from 2.0 to 4.5 feet, with an 
average of 3.6 feet. The private levee on the left bank in contrast has freeboard ranging from 
0.7-6.5 feet, with an average of 2.5 feet. 
 
At this phase the setback levee design flood magnitude is somewhat uncertain. The PDT has 
conservatively used a larger design event than the levee presently contains. This reduces the 
risks of costs increasing after feasibility.   
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Figure 4-6 Critical levee section – Cross section F – Station 13816.74, near RM 2.65. Note over-

built private levee on left bank. 
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Table 4-2 Right bank levee freeboard analysis, 1% AEP event, existing conditions 

 
 

HEC-RAS 
River Sta

River 
Mile Profile Q Total WSE EGL Vel Head

Levee El 
Right

R. Levee WSE 
Freeboard

R. Levee EGL 
freeboard

(ft) (cfs) (ft) (ft) (ft) (ft) (ft) (ft)
15969.09 3.02 Max WS 8973.49 63.16 64.07 0.91 66.77 3.61 2.7
15461.71 2.93 Max WS 8973.48 60.59 61.36 0.76 64.09 3.5 2.73
14899.83 2.82 Max WS 8973.48 58.17 58.99 0.83 61.63 3.46 2.64
14624.92 2.77 Max WS 8973.48 57.29 57.82 0.53 59.71 2.42 1.89
14418.88 2.73 Max WS 8973.49 56.26 57.05 0.79 57.85 1.59 0.8
13979.38 2.65 Max WS 8973.48 55.24 55.62 0.38 55.24 0 -0.38 -->  Overtopping
13816.74 2.62 Max WS 8973.48 54.91 55.32 0.42 54.64 -0.27 -0.68 -->  Overtopping
13582.54 2.57 Max WS 8973.48 54.13 54.86 0.73 54.5 0.37 -0.36 -->  On verge of overtopping
13363.85 2.53 Max WS 8973.48 52.67 54.05 1.38 53.5 0.83 -0.55 -->  On verge of overtopping
13173.19 2.49 Max WS 8973.48 51.65 52.74 1.1 53.09 1.44 0.35

13007.4 2.46 Max WS 8973.48 50.61 51.65 1.04 52.54 1.93 0.89
12664.83 2.40 Max WS 8973.48 49.1 49.88 0.78 51.5 2.4 1.62
12339.21 2.34 Max WS 8973.48 48.17 48.62 0.45 50.13 1.96 1.51
12196.37 2.31 Max WS 8973.48 47.74 48.1 0.36 49.06 1.32 0.96
11836.18 2.24 Max WS 8969.41 46.15 46.76 0.6 47.61 1.46 0.85
11603.66 2.20 Max WS 8969.41 45.33 46.01 0.68 46.31 0.98 0.3

11434.5 2.17 Max WS 8969.41 44.29 45.45 1.16 45.88 1.59 0.43
11252.71 2.13 Max WS 8969.41 43.71 44.66 0.95 44.72 1.01 0.06
10923.88 2.07 Max WS 8969.41 41.71 42.9 1.19 43.38 1.67 0.48

10665.7 2.02 Max WS 8969.41 40.02 41.14 1.12 41.41 1.39 0.27
10349.71 1.96 Max WS 9073.48 38.71 39.32 0.61 40 1.29 0.68 Freeboard, ft
10063.67 1.91 Max WS 9073.48 36.57 37.98 1.4 38.92 2.35 0.94 Average 1.70
9809.258 1.86 Max WS 9073.48 35.15 36.04 0.89 37.73 2.58 1.69 Min -0.27
9648.929 1.83 Max WS 9073.47 34.57 35.04 0.48 36.56 1.99 1.52 Max 3.61
9288.263 1.76 Max WS 9073.48 33.5 33.81 0.31 36.07 2.57 2.26
9157.061 1.73 Max WS 9073.48 32.54 33.16 0.63 34.53 1.99 1.37
8974.481 1.70 Max WS 9073.48 31.53 32.07 0.54 34.26 2.73 2.19
8659.911 1.64 Max WS 9073.47 30.28 30.63 0.35 33.89 3.61 3.26
8339.278 1.58 Max WS 9073.47 29.22 29.65 0.43 33.31 4.09 3.66
8209.372 1.55 Max WS 9073.48 28.92 29.26 0.34 33.28 4.36 4.02
7798.803 1.48 Max WS 9073.45 27.9 28.35 0.45 32.39 4.49 4.04
7606.589 1.44 Max WS 9073.44 27.58 27.96 0.38 31.15 3.57 3.19
7299.469 1.38 Max WS 9073.36 26.62 27.32 0.7 30.37 3.75 3.05
7068.502 1.34 Max WS 9072.65 26.47 26.78 0.31 29.79 3.32 3.01 Freeboard, ft
6846.605 1.30 Max WS 9071.90 25.55 26.51 0.95 29.54 3.99 3.03 Average 3.63
6646.993 1.26 Max WS 9070.25 24.36 25.81 1.45 28.81 4.45 3 Min 1.99
6554.992 1.24 Max WS 9069.36 23.88 25.42 1.54 28.16 4.28 2.74 Max 4.49
6424.394 1.22 Max WS 9067.50 23.73 24.88 1.14 33.2 9.47 8.32 Anderson Rd Bridge

6422 1.22 Max WS 9067.47 23.72 24.87 1.15 33.2 9.48 8.33 Freeboard, ft
6420 1.22 Bridge 0 Average 8.16

6363.6 1.21 Max WS 9068.42 22.82 24.28 1.46 29.65 6.83 5.37 Min 6.83
6359.569 1.20 Max WS 9068.40 22.81 24.27 1.46 29.65 6.84 5.38 Max 9.48
6093.812 1.15 Max WS 8415.08 22.01 23.74 1.73 26.18 4.17 2.44
5830.703 1.10 Max WS 8475.81 21.04 22.96 1.92 25.6 4.56 2.64

5586.33 1.06 Max WS 8475.03 20.3 22.19 1.89 24.78 4.48 2.59
5372.584 1.02 Max WS 8474.27 20.77 21.46 0.69 24.06 3.29 2.6
5105.097 0.97 Max WS 8473.82 18.2 20.31 2.11 23.19 4.99 2.88

4700.74 0.89 Max WS 8473.58 16.76 17.74 0.98 21.16 4.4 3.42
4492.258 0.85 Max WS 8473.38 15.02 16.84 1.82 19.7 4.68 2.86 Freeboard, ft
4322.018 0.82 Max WS 8473.30 14.57 15.94 1.37 18.66 4.09 2.72 Average 4.03
3884.564 0.74 Max WS 8472.94 14 14.63 0.63 17.37 3.37 2.74 Min 2.22

3384.88 0.64 Max WS 8472.60 12.67 13.61 0.94 14.89 2.22 1.28 Max 4.99

Upstream of Setback Reach

Setback Reach

Downstream of Anderson Rd 
Bridge

Reach & Freeboad Statistics
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Figure 4-7 Federal Levee freeboard analysis, 1% AEP event, existing conditions 

 

4.2.2.1 Rational for design of a discontinuous ERP setback levee 

 
The overtopping has implications for design of the setback levee. The modeling indicates that 
about 20 cfs in a non-breach condition, and 1,920 cfs in a breach condition at the critical 
section could flow over or through the levee upstream of the project during a 100-year event, 
and greater amounts during larger floods. (Figure 4-7).  Early iterations of the restoration 
project conceptual design included a continuous setback alignment that intersected this 
natural overflow path along the south boundary line of the project. The PDT recognized that 
the levee would likely block the path of any overflows and potentially result in induced 
flooding in some portions of the protected area closest to the upstream face of a continuous 
levee.  
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While the magnitude of the induced flooding may be insignificant if the levee is just 
overtopped, it is likely to be significant in a breach event, the likelihood of which increases 
with time. For this reason it was recommended that the PDT leave a gap in the levee to allow 
floodwater to pass through uninterrupted along its natural course. This requires use of a 
discontinuous levee and a hydraulic tie (locating the levee removal in a location that does not 
allow backwater to extend upstream of the line of protection) and reduces the amount of 
levee that can be removed. See Section 4.2.3 for discussions of with project hydraulic 
modeling and results. 
 
Another benefit of discontinuous levee alignment along the south property line is 
jurisdictional.  A continuous levee would extend across the current FEMA floodway, 
triggering a requirement for a no rise analysis, and potentially a full map revision. Since the 
no-rise analysis requires inclusion of the proposed grading (fill across the floodplain), it is 
very likely to cause increased flood elevations in a no-rise analysis.  While this could be 
overcome with changes to the flood maps, takings analysis, flood easements and/or buy outs 
it adds significant scope and complexity to the ERP.  Uncertainties over pending criteria for 
evaluating levee performance in FEMA studies complicate the situation further.  
 
As will be shown in the following section, setting back the levee reduces main channel flood 
elevations throughout the project area which would reduce or eliminate the need to revise 
the FEMA maps as a result of the project. It is assumed that the County will revise the maps 
to show with project conditions as they are likely to result in a smaller jurisdictional 
floodplain and floodway, benefiting adjacent property owners. 
 
 

4.2.3 With Project Conditions Hydraulic Analysis 

This section describes the data used to construct a 1-D/2-D hydraulic model of the lower 3-
miles of the Dungeness River, inclusive of the proposed restoration project, and the resulting 
flood profiles and inundation limits. While the focus of the hydraulic modeling was on 
evaluations of conditions expected during the 1% AEP (100-year) event, the unsteady flow 
simulations provide equivalent output at any point in the simulation. Inspection of the 
results for a wide range of profiles indicates that the comparisons of conditions in moderate 
to large floods largely hold. This section limits the comparisons of hydraulic conditions to the 
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3000 cfs channel forming discharge (bankfull event) and the 9,100 cfs 1% AEP (100-year) 
flood that just begins overtopping the existing levee. 
 

4.2.3.1 Hydrologic Data  

Model boundary conditions and hydrology used in the existing conditions model are 
unchanged. Since the goal of the project is to restore natural process and functions within 
the project footprint by removing a levee, the analysis was limited to flows in the range of 
those that would be used to design the setback levee. The hydraulics associated with lesser 
flood events, such as the channel forming discharge, will be evaluated in more detail during 
the design phase to help with sizing of side channels, etc. While the analysis and reporting of 
results was restricted to the 100-year event in this feasibility study, because the flows are 
slowly ramped up from 1,000 cfs to 9,100 cfs in the simulations, this allows for outputting 
water surface profiles and inundation limits for any discharge between.  
 

4.2.3.2 Geometric Data 

The restoration project conceptual setback levee alignment was used to modify the boundary 
of the 2-D Federal levee storage area such that all water entering the floodplain within the 
project site was contained (not allowed to connect with grid cells landward of the proposed 
levee).  Figure 4-8 provides a schematic of the with-project conditions HEC-RAS model in 
the project area. All other portions of the model were left unchanged.  
 

4.2.3.2.1 With Project Conditions Hydraulic model parameter summary 

 
• 2-D grid cell dimensions 

o Fed levee to east delta: 25’ x 25’ 
o West delta: 25’ x25’ 

• Manning’s n values:  
o Main channel .03-.045; 
o  overbanks 0.03 to 0.1,  
o 2-D grid: 0.1 for restored area, 0.06 otherwise 

• Lateral weir coefficients:  
o natural high ground overflow, vegetated: 0.2-0.25 
o restored area where levee removed: 1.5 to 2.5 
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o levees, roads: 2-2.5 
• Unsteady flow parameters:  

o Hydrograph: low flow ramped up to peak flow held steady for 1 day 
o Time step: 10 seconds 
o Theta weighting coef: 1D =0.8, 2D = 0.8-1 
o Equation set: 1D = full momentum, 2D = diffusive wave 
o Lateral structure flow stability factor = 3 
o Weir flow submergence decay exponent = 3 

 
• Breach analysis:  

o Location: station 13816.74 
o Lateral weir – 16566.32 (federal levee) 
o Failure mode/trigger – overtopping at set time (02 Jan 2000, 1200 hr) 
o Progression to full breach – 1 hr, sinusoidal 
o Final bottom width/side slopes – 75 feet, 2:1 
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Figure 4-8 HEC-RAS 5.0 model schematic for with project conditions. Dark polygons are 2-D 

storage areas, blue polygons are 1-D storage areas. 

 Note that grid cell dimensions for the storage area behind the federal levee and the west side 
of delta are 25’x25’, while the ponding area on the east side of the delta is 75’x75’. The reason 
for the different cell sizes is that the ponding area on the east side of the delta is flooded by 
backwater, with a relatively flat gradient (allowing for large cell sizes without impacting 
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stability or mapping) while the 2D area landward of the federal levee is steep, and small grid 
cells are necessary to provide stability and reasonable inundation maps. 

 

4.2.3.3 Results of With Project Hydraulic Analysis  

HEC-RAS 5.0 was used to evaluate floodplain conditions of the Dungeness River from the 
Old Olympic Highway bridge to the river mouth. The model includes 2-dimensional storage 
areas behind the Federal levee that extend to tidelands and are hydraulically connected to 
the river via tidal channels and to Dungeness Bay via the beach berm. A 2-dimensional 
storage area is also provided to capture the out of river flows downstream of Anderson Road 
on the west side of the Delta. The advantage of including the 2-dimensional storage areas is 
that they simultaneously model conveyance (flow) and storage (attenuation) in complex 
areas that are difficult to model with traditional 1-dimensional versions of HEC-RAS. 
Previous studies by others (USBR 2007, CARDNO-ENTRIX 2013) have also relied upon 2-
dimensional hydraulic modeling to overcome the limitations posed by the available 1-D 
models. 
 

4.2.3.4 Findings 

o Flood elevations, levee loading, and floodplain extent The effects of the preferred 
alternative on main channel water surface elevations is compared with existing 
conditions in Figure 4-9 assuming no levee breach. Flood elevations decrease as 
much as 1.9 feet in the restored reach (average of 0.7 feet) in the main channel. 
Within the bounds of the restoration site flood elevations increase as expected due 
to levee removal, however in the vicinity and downstream of Sequim Dungeness 
Way, flood elevations in the floodplain are reduced due to the assumption that the 
setback levee built to modern standards would contain the 1% AEP flood. If the 
FEMA maps were revised to include this condition it would significantly reduce 
the floodplain area subject to riverine flooding during the regulatory (1% AEP 
event) downstream of the project. At the downstream end of the project where 
overflows return to the river, main channel flood levels may increase by 1 foot 
due to the backwater effects of momentum exchange with the overflows, however 
the increase is localized and would not threaten roads, levees, or bridges. 

o Mainstem hydraulic conditions: The levee setback project effects on main channel 
flood elevations, discharge, velocities, depths, and shear stresses for the two main 
alternatives under consideration are shown in Table 4-3. Generally restoration 
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reach main channel discharge, channel velocities, shear stresses, and depths 
decrease significantly due to the diversion of flood flows into the restoration site 
and reductions in main channel backwater effects.  As shown in Figure 4-9 
through Figure 4-12 hydraulic conditions are virtually unchanged upstream of 
RM 2.2 and downstream of RM1.2. Diversion of approximately 20% of the 2-year 
discharge is expected, while upwards of 50% of the main channel discharge will 
be diverted into the restoration site (Figure 4-10). 

o Erosion and Deposition Potential: Interpretation of the main channel plots of 
velocity and bed shear stress shown in Figure 4-11 and Figure 4-12 (Comparing 
preferred alternative bed shear stresses and velocities to existing conditions during 
the 100 and 2-year events) indicates that removing the levee could result in 100-
year main channel velocities and shear stresses approaching that of a bankfull 
discharge. Near Anderson Road bridge, the main channel will likely become 
depositional initially due to the backwater effect of flows returning from the 
restoration site to the river. The widespread reduction in bed shear stress in the 
main channel under bankfull and flood conditions will ultimately result in a 
reduction in restoration reach average grain size and may improve spawning 
conditions and reduce incidents of redd scour. At the upstream end of the project, 
there is likely to be a spike in main channel velocities and shear stresses due to the 
elimination of the backwater effect of the downstream levee segment and a local 
increase in velocities. As a result, levee removal is likely to initiate a short period 
of bed degradation upstream of the project. Since the river would be mobilizing 
deposits created by an unnatural constriction, this is not viewed as detrimental or 
problematic. 

o Sedimentation Patterns: Within the project reach the predicted decrease in flood 
depths, velocities, shear stresses and increase in flood prone area indicate that 
annual rates of sedimentation will likely increase initially due to a reduction is 
reach average sediment transport capacity (using velocity, depth, and shear stress 
as a surrogate), however because the effects of aggradation will be spread out over 
a much greater area, the net impact at any one location is likely to be diminished. 
Aggradation will likely result in formation of higher banks along the preferential 
flow paths within the site. Over time flows will become increasingly contained 
within the banks, which will increase localized shear stresses and help maintain 
sediment transport capacities through the restoration site. During large floods, due 
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to the abrupt widening of the floodplain and low associated velocities within the 
site, conditions should be favorable for deposition of fine sediment, especially in 
the vegetated portions of the site. See section 3.3.5 for a more detailed discussion 
of the existing sedimentation rates and sedimentation rates with restoration. 
 
 

 
Figure 4-9 Main channel flood elevations during the peak of the 50% AEP (2-year) and 1% AEP 

(100-year) flood with and without restoration for Alternative 1 (TSP).  

The small increase in flood elevation estimated at the bridge is attributed to either a 
numerical issue with the model or the momentum exchange occurring as the water from the 
restoration site rejoins the main channel just upstream of the bridge. 
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Figure 4-10 Main channel discharge during the peak of the 50% AEP (2-year) and 1% AEP (100-
year) flood with and without restoration.  

Note that nearly half of the flow of the river is through the Project  site during the 100-year 
event, while about 20% flows through the site during the 2-year event. Note that the model 
2-D domain does not include proposed side channels, which are expected to divert about 
50%  of the flow during the 2-year flood through the site, reducing river flows and feeding 
coarse sediment to the site.  Fluctuations near the upstream end of the project are related to 
flow exchange between the lateral weirs connecting the restoration site and river. Note that 
Matriotti creek enters the river near RM 1.95. 
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Figure 4-11 Main channel flood velocities during the peak of the 50% AEP (2-year) and 1% AEP 

(100-year) flood with and without restoration for Alternative 1 (TSP).  

 
Note the modest (20%) decrease in main channel velocities on average through the site, the 
local increase in velocities in the main channel upstream of the project, and the minimal 
influence upstream of RM 2 or downstream of the bridge (RM 0.7 on USGS map, RM 1.25 in 
model). 
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Figure 4-12 Main channel flood shear stress compared with gravel & cobble stability 

thresholds during the peak of the 50% AEP (2-year) and 1% AEP (100-year) flood with and 

without restoration for Alternative 1 (TSP).  

 
Note the significant (~50%) reduction in shear stress in main channel on average through the 
site, the spike in shear stresses in the main channel upstream of the project, and the minimal 
influence upstream of RM 2 or downstream of the bridge (RM 0.7 on USGS map, RM 1.25 in 
model). The implications of these changes are that sediment mobility within the river at this 
site will be decreased, and increased just upstream and unchanged downstream. The river is 
thus likely to scour upstream of the project, and become increasingly depositional within the 
project reach. As more sediment is trapped within the project reach, sediment loads 
downstream of the project will decrease, potentially increasing sediment transport capacity 
downstream. Since the stable grain size with restoration is within the gravel size range, 
under both 2 and 100 year conditions, conditions are likely to become more favorable for fish 
that favor smaller sized substrate vs. current conditions. Stability thresholds (permissible 
shear stress) from ERDC TN-EMRRP SR-29 (USACE 2001). 
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Figure 4-13 Overtopping of critical levee section at RM 2.65 does not decrease with project 
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Table 4-3 Comparison of main channel discharge, depth, velocity, and bed shear for Existing 

Conditions and Towne Road and Meadowbrook Alternatives (based on 2013 1-D modeling) 

 

River Reach River Sta Profile Plan Q Total Max Chl Dpth Vel Chnl Shear Chan Froude # Chl
(cfs) (ft) (ft/s) (lb/sq ft)  

Dungeness Lower 7355.062 04JAN2002 2400 TownRd 100yr 8760 9.8 10.7 3.1 0.70
Dungeness Lower 7355.062 04JAN2002 2400 MeadowBrkSB 100 8762 9.8 10.7 3.1 0.70
Dungeness Lower 7355.062 04JAN2002 2400 ECSB 100yr StdyQ 8780 10.0 10.4 2.9 0.68

AVG with project - EC = -19 -0.1 0.3 0.2 0.02
% change from EC 0% -1% 3% 6% 0.03

Dungeness Lower 7248.213 04JAN2002 2400 TownRd 100yr 8759 9.6 8.2 1.9 0.57
Dungeness Lower 7248.213 04JAN2002 2400 MeadowBrkSB 100 8763 9.6 8.2 1.9 0.57
Dungeness Lower 7248.213 04JAN2002 2400 ECSB 100yr StdyQ 8780 9.8 7.9 1.7 0.55

AVG with project - EC = -19 -0.2 0.3 0.1 0.02
% change from EC 0% -2% 3% 8% 0.04

Dungeness Lower 7149.651 04JAN2002 2400 TownRd 100yr 8648 6.2 17.4 9.2 1.35
Dungeness Lower 7149.651 04JAN2002 2400 MeadowBrkSB 100 8653 6.2 17.4 9.2 1.36

EC (interpolated) 8780 9.7 7.6 1.6 0.55
AVG with project - EC = -130 -3.5 9.8 7.5 0.81
% change from EC -1% -36% 129% 460% 1.49

Dungeness Lower 6995.055 04JAN2002 2400 TownRd 100yr 6257 6.6 5.8 1.3 0.61
Dungeness Lower 6995.055 04JAN2002 2400 MeadowBrkSB 100 6261 6.6 5.9 1.3 0.61
Dungeness Lower 6995.055 04JAN2002 2400 ECSB 100yr StdyQ 8780 9.6 7.3 1.5 0.54

AVG with project - EC = -2521 -3.0 -1.4 -0.3 0.07
% change from EC -29% -31% -19% -19% 0.13

Dungeness Lower 6817.2 04JAN2002 2400 TownRd 100yr 3637 5.5 3.7 0.5 0.39
Dungeness Lower 6817.2 04JAN2002 2400 MeadowBrkSB 100 3640 5.5 3.7 0.5 0.39
Dungeness Lower 6817.2 04JAN2002 2400 ECSB 100yr StdyQ 8780 8.1 8.1 1.9 0.61

AVG with project - EC = -5141 -2.6 -4.4 -1.4 -0.22
% change from EC -59% -32% -54% -74% -0.36

Dungeness Lower 6426.164 04JAN2002 2400 TownRd 100yr 3210 6.6 4.7 0.8 0.47
Dungeness Lower 6426.164 04JAN2002 2400 MeadowBrkSB 100 3211 6.6 4.7 0.8 0.47
Dungeness Lower 6426.164 04JAN2002 2400 ECSB 100yr StdyQ 8780 9.3 5.7 1.0 0.44

AVG with project - EC = -5569 -2.7 -1.0 -0.2 0.03
% change from EC -63% -29% -18% -20% 0.07

Dungeness Lower 6028.809 04JAN2002 2400 TownRd 100yr 3206 6.2 4.2 0.6 0.42
Dungeness Lower 6028.809 04JAN2002 2400 MeadowBrkSB 100 3206 6.2 4.2 0.6 0.42
Dungeness Lower 6028.809 04JAN2002 2400 ECSB 100yr StdyQ 8780 9.3 5.2 0.8 0.39

AVG with project - EC = -5574 -3.1 -1.0 -0.2 0.03
% change from EC -63% -33% -19% -19% 0.08

Dungeness Lower 5615.741 04JAN2002 2400 TownRd 100yr 3206 7.5 4.3 0.6 0.35
Dungeness Lower 5615.741 04JAN2002 2400 MeadowBrkSB 100 3206 7.5 4.3 0.6 0.35
Dungeness Lower 5615.741 04JAN2002 2400 ECSB 100yr StdyQ 8780 10.6 6.7 1.2 0.43

AVG with project - EC = -5574 -3.1 -2.4 -0.6 -0.08
% change from EC -63% -29% -36% -51% -0.19

Dungeness Lower 5354.484 04JAN2002 2400 TownRd 100yr 3207 8.2 3.9 0.4 0.27
Dungeness Lower 5354.484 04JAN2002 2400 MeadowBrkSB 100 3206 8.2 3.9 0.4 0.27
Dungeness Lower 5354.484 04JAN2002 2400 ECSB 100yr StdyQ 8780 11.1 6.8 1.1 0.39

AVG with project - EC = -5574 -2.9 -2.9 -0.7 -0.12
% change from EC -63% -26% -43% -63% -0.31

Dungeness Lower 5071.362 04JAN2002 2400 TownRd 100yr 3193 9.7 4.2 0.4 0.25
Dungeness Lower 5071.362 04JAN2002 2400 MeadowBrkSB 100 3192 9.7 4.2 0.4 0.25
Dungeness Lower 5071.362 04JAN2002 2400 ECSB 100yr StdyQ 8780 12.1 8.2 1.6 0.44

AVG with project - EC = -5587 -2.4 -4.0 -1.1 -0.19
% change from EC -64% -20% -49% -72% -0.43

Dungeness Lower 4912.922 04JAN2002 2400 TownRd 100yr 2974 11.0 3.6 0.3 0.21
Dungeness Lower 4912.922 04JAN2002 2400 MeadowBrkSB 100 2973 11.0 3.6 0.3 0.21
Dungeness Lower 4912.922 04JAN2002 2400 ECSB 100yr StdyQ 8780 13.3 7.6 1.3 0.39

AVG with project - EC = -5806 -2.2 -4.0 -1.0 -0.18
% change from EC -66% -17% -52% -76% -0.46

Dungeness Lower 4708.418 04JAN2002 2400 TownRd 100yr 2833 11.7 3.5 0.3 0.22
Dungeness Lower 4708.418 04JAN2002 2400 MeadowBrkSB 100 2832 11.7 3.5 0.3 0.22
Dungeness Lower 4708.418 04JAN2002 2400 ECSB 100yr StdyQ 8780 13.4 8.6 1.8 0.49

AVG with project - EC = -5948 -1.6 -5.1 -1.5 -0.27
% change from EC -68% -12% -60% -83% -0.55

RESTORATION REACH SUMMARY AVG with project - EC = -5255 -2.6 -2.9 -0.8 -0.1
AVG % change from EC -60% -26% -39% -53% -22%

Notes: 1.  conditions within restoration site not shown, but generally follow the conditions in the main river channel.

2. The modelig does not indicate any significant changes resulting from restorarion upstream or downstream of the levee setback, this data is not shown as a result.

CONDITIONS RELATIVELY UNCHANGED UPSTREAM OF THIS CROSS SECTION - DATA NOT SHOWN
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Figure 4-14 1% AEP floodplains with Meadowbrook levee alignment compared with existing 

conditions, (A) with levee overtopping, no levee breach, (B) with existing levee breach 

triggered by overtopping at critical location, steady state simulation 

 
Figure 4-15 Alternative 2 and 3 elevation profiles of 1% AEP water surface & existing ground 

compared with hydraulic head (levee loading) along new setback levee toe. Note that height 

of water along the toe is increased for a distance of about 1250 feet as compared with 

existing conditions, and reduced for about 3750 feet. 

 
 

4.2.3.5 Recommended Levee Crest Elevation for Preliminary Design 

For the preferred Meadowbrook setback alternative, HEC-RAS 5.0 modeling discussed above 
was used to determine preliminary crest elevations. The existing levee contains the 1% 
annual exceedance probability event within the setback reach by an average of 3.6 feet, 
however it is likely to be overtopped upstream of the project near RM 2.6 prior to the peak of 
the 1% AEP flood. For design we assumed that the setback levee needed to provide 
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equivalent or better performance than existing conditions to ensure that the restoration 
project does not worsen flooding and flood risks. To determine the preliminary crest 
elevation the top of the setback levee was assumed to equal the existing ground surface or 
computed 1% AEP flood level + 3 feet, whichever was higher. Until a detailed evaluation of 
all the factors driving uncertainty in flood elevations is performed in the design phase, we 
assume that using a freeboard of 3 feet will be reasonable for estimating construction costs 
associated with the setback alignment. 
 
While the proposed freeboard may be less than that provided under existing conditions, the 
new location of the levee would block the existing overflow path to the town of Dungeness 
along Meadowbrook Creek if it was built to contain floodwater to the crest, with some 
freeboard to account for uncertainty in flood elevations, hydrology, and geomorphology. 
Thus the1% AEP floodplain resulting from restoration with a setback levee built to modern 
standards shown in Figure 4-14 shows containment of either overtopping flows of breach 
flows with freeboard. While the “level of protection” of the current facility is less than 100-
years, we could not justify designing the setback levee crest to overtop at less than the 1% 
AEP event as this would increase the potential for a breach to occur near a populated area, 
increasing flood risks in the aggregate (see discussion in next section of risks associated with 
hypothetical levee breach events).  Provision of equivalent or less freeboard than exists at 
present reduces flood risks if the levee is designed to contain the 1% AEP event to the crest, 
demonstrating that the project does no harm to property owners outside the project 
footprint.   
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Figure 4-16 Recommended levee crest elevation for Meadowbrook setback alternatives, 

based on updated (2014) 1-D and 2-D modeling. This is the basis for quantities developed for 
the Meadowbrook setback alternatives. 
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Figure 4-17 Recommended levee crest elevations for Meadowbrook and Towne Road setback 

alternatives based on 2013 1-D (split flow) modeling. This is the basis for quantities 
developed for the Towne Road alternative. 

 

4.2.4 Levee failure risk analysis to inform recommendation to not perform 
Type II IEPR 

 
At the request of the Seattle District Levee Safety Program Manager we compared the 
potential impacts of hypothetical levee failures of the existing Dungeness River Federal 
Levee and two setback levee alternatives for the Dungeness River Ecosystem Restoration 
project. We found that flood risks are lowered significantly for “likely” and “unlikely” flood 
events with restoration. Flooding is reduced because reconstruction of the levee relocates the 
“critical“ levee section further downstream reducing the amount of water that is able to leave 
the river when a breach occurs, and provision of a return channel within the restoration site 
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reduces the amount of water that is able to pond upstream of the Sequim Dungeness Way. 
All restoration scenarios show a significant reduction in the duration and magnitude of flows 
overtopping Sequim Dungeness Way downstream of the breach, which reduces the chances 
that the river could wash out the road and avulse into Meadowbrook Creek following a 
breach event. River avulsion was not modeled due to high associated uncertainties and 
limited scope and budget. Relocation of the river into an inhabited area of the floodplain is 
viewed as a low probability high consequence event. The probabilities of levee breaching or 
avulsion were not determined but qualitatively are higher under existing conditions.  
 
The purpose of the analysis is to inform decisions on the level of analysis, design and 
technical review necessary to construct a new setback levee as part of the restoration project, 
and to differentiate the flood risks associated with the two levee setback alternatives. The 
conclusion of the analysis was a District decision to not pursue a Type 2 IEPR, due to the 
expected reduction in risk afforded by either of the setback levee alternatives relative to 
existing conditions and the modest risk to people and property posed by setback levee failure. 
 
See Section 8, Supplemental Appendix HH-7 for the technical memorandum that documents 
the analysis. Excerpts are provided below. 
 

4.2.4.1 Methods and Analysis 

o Two floods were analyzed using unsteady hydraulic models that simulated in 
channel and out of bank flooding for existing conditions and with-project 
conditions for two levee setback alternatives using a branching HEC-RAS model 
with storage areas and conveyance reaches. 

o  The January 2002 event was simulated with observed tides to represent 
conditions expected with an event equal to the approximate channel capacity at 
the critical levee section near RM 2.1. As a check,  a “geologic” (much less than 
once in 500 year frequency) flood event, twice the magnitude of the January 2002 
event was also simulated, with the same  tidal boundary conditions.  

o The study domain spanned the full flood-prone width of the Dungeness River 
delta and the model extended from the mouth to Woodcock Bridge (RM 3.5). 

o The levee breach routines in HEC-RAS were used to “fail” the levee at the point of 
maximum hydraulic loading at the weakest location on the levee, to simulate the 
impacts of a sudden catastrophic failure during a major flood event. No attempt 
was made to assign probabilities to these failures because the purpose was to 
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elucidate the relative differences in risk posed by the with-project alternatives 
relative to the no action alternative. Breach parameters were similar to those used 
for this study, although the breach bottom width was assumed to be 100 feet, with 
side slopes of 1:1.  The failure mode was assumed to be overtopping for existing 
conditions and with project conditions under all scenarios. A set time 
corresponding to the point where overtopping would begin was used to trigger the 
breach.  

 

4.2.4.2 Results 

o Table 4-4 below provide a summary of the results of the levee breach simulations 
for existing conditions in comparison with the results for the Towne Road and 
Meadowbrook levee setback alternatives, including time to peak inundation, peak 
outflow from the breach, peak acreage inundated, and number of structures 
impacted, including average and maximum flood depths.   
 

o Table 4-5 demonstrates that the flood risks associated with restoration are 
significantly reduced as compared with existing conditions during the January 
2002 flood simulation. The number of properties at risk  is reduced by 37-45, 
floodwater diverted through the breach is reduced 45% to 57%, average flood 
depth is reduced by 25-36%, and the inundation area is reduced by 24-27%.  
 

o The Towne Road alternative has the least impact of the two alternatives due to the 
lower driving head through the breach and greater ponding area landward of the 
breach which dampens the outflow as compared with the Meadowbrook 
alternative. The time of arrival of peak inundation is unchanged for the Towne 
Road alternative (7 hours) while the time of arrival of peak flooding associated 
with the Meadowbrook alternative is decreased by 1 hour due to the storage of 
floodwater closer to populated areas. Resulting levee breach water surface profiles 
along the Meadowbrook Creek floodway are shown in Figure 4-18. Note the 
volume of water assumed to be impounded by Sequim Dungeness Way. Refer to 
Appendix HH-7 for inundation maps and more details of the analysis. 
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Table 4-4 Downstream impact of levee breach summary 

 
 
 
 
 
 
Table 4-5 Downstream impact of levee breach summary percent change from existing 

conditions failure scenarios 

 
 

Scenario Levee

Time for breach 
development 

(hr)

Time to 
Peak 

Inundation

Peak 
depth 
below 
breach 

(ft)

Peak 
discharge 

below 
breach (cfs)

# Structures 
Impacted

Max Depth 
@ 

Structure 
(ft)

Avg 
Structure 
Depth (ft)

Total 
Inundation 
Area (acres)

Jan 02 (7600 
cfs) Existing Levee 2 7 10.67 3335 248 4.6 1.4 599

Meadowbrook 
Setback 2 6 10.1 1836 156 3.7 1.05 435

Town Road 
Setback 2 7 9.92 1422 136 3.3 0.9 457

15000 cfs Existing Levee 2 17 11.84 7161 291 5.8 3.5 785
Meadowbrook 

Setback 2 6 11.42 5785 299 7.3 4.6 767
Town Road 

Setback 2 6 11.07 4597 298 7.2 4.5 797

Scenario Levee

% Δ  in 
Existing Peak 

Depth
% Δ  of Existing 
Peak Discharge

% Δ  of 
Existing 

Structures 
Impacted

% Δ  of Existing 
Max Stucture 

Depth

% Δ  of Existing 
Avg Structure 

Depth

% Δ  of 
Existing 

Inundation 
Area

January 2002 Meadowbrook Setback -5% -45% -37% -20% -25% -27%
"Design Flood" Town Road Setback -7% -57% -45% -28% -36% -24%
15,000 cfs flood Meadowbrook Setback -4% -19% 3% 26% 31% -2%
"Worst Case" Town Road Setback -7% -36% 2% 24% 29% 2%
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Figure 4-18 Peak flood elevations along Meadowbrook Creek for January 2002 and “worst 

case” flood levee breach scenarios.  

 
Note higher flood depths over Sequim Dungeness Way for both scenarios under existing 
conditions and significant reduction in flood heights under January 2002 event under with 
project conditions. The increase in maximum flood heights under “worst case” flood 
conditions in the with project failure scenarios downstream of Sequim Dungeness Way 
occurs in a area of widespread shallow flooding and is  related to the more rapid release of 
floodwater and modeling assumptions.  
 

4.2.4.3 Findings 

The flood of record (January 2002), was simulated because it is comparable to the proposed 
setback levee design flood and other large floods likely to occur in the project life. A “worst 
case” or “geologic flood” was simulated by scaling up the January 2002 event by a factor of 2 
to capture the maximum extent of flooding should a setback levee be overtopped and fail by 
a flood much larger than its design flood.  
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Our analysis indicates that the amount of water diverted through a hypothetical levee breach 
at the critical sections (regions of greatest hydrostatic pressure) for the two restoration 
alternatives under a flood of comparable magnitude to the January 2002 event is 45% to 57% 
less than that diverted should the existing levee fail.  Similarly, the resulting downstream 
flood depths, areal extent of flooding, and number of structures impacted is 5% to 45% less 
than that experienced under the existing conditions scenario.  
 
The partial setback has the greatest reduction in downstream impacts, but the full setback 
has comparable benefits. Maximum flood depths at structures under the existing conditions 
failure scenario are 4.6 feet vs. 3.3 to 3.7 ft under restored conditions, indicating a reduction 
in risk for large but relatively frequent floods.  
 
Under worst case “geologic flood” conditions, the failure analysis suggests mixed reductions 
and increases in flood impacts due to a change in the timing of peak flows through the 
breaches. While peak flows are reduced 19 to 36%, peak structural flooding depths increase 
by about 1 ft (24 to 26%) due to a shift in the timing of the peak breach flow to coincide with 
the of flood event.  
 
This concern is mitigated by several factors: The risk of levee failure after restoration, even 
under worst case conditions is reduced significantly; the probability of the worst case event is 
very low; and the modeled area where flood impacts worsen has simplifications that 
exaggerate flood impacts. Also, the length of time Sequim Dungeness Way is overtopped 
drops from several days to 12 hours, greatly reducing the likelihood that the road would fail 
after a levee breach event, which significantly reduces the chances of river avulsion into 
Meadowbrook Creek. River avulsion following levee failure is a major concern as it will 
cause widespread property and infrastructure damage and loss of habitat in the existing river 
channel.  
 
Under existing conditions there appears to be a high (as yet unquantified) risk of the levee 
overtopping due to non-existent freeboard at several locations along the project reach. 
Overtopping will likely result in levee breaching given the lack of backslope protection 
which could drive nearly half of the river into Meadowbrook Creek based on the 
assumptions for the levee breach size, location and timing.  
 
Modeling indicates Sequim Dungeness Way would be overtopped for several days, increasing 
the chances of the road failing and the river avulsing into Meadowbrook Creek. While the 
worst case analysis presented indicates water levels could rise above those resulting from 
setback levee failure in one area of the model near 3 Crabs Road, it is felt that the 
considerably higher flows and longer duration of flooding likely to be experienced under 
existing conditions is significantly more likely to result in failure of Sequim Dungeness Way. 
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A resulting avulsion event would be more damaging than conditions analyzed herein.  For 
this reason we state that flood risks will be lowered significantly under both the worst case 
and “design flood” condition. 
 
 

4.3 Previous Hydraulic Modeling Efforts by Others Relevant to this Study 

4.3.1 Overview and Chronology 

Several hydraulic modeling investigations have been performed in the lower Dungeness 
River valley, in addition to the work performed to support the conceptual designs developed 
for this study. Excerpts of recent studies are provided below with discussion on aspects and 
data relevant to the ERP. 
 
Two FEMA flood insurance studies have been performed in the study reach, the most recent 
of which was performed by CH2M Hill and completed in 1984. This work utilized a standard 
step backwater model (HEC-2). Cross sections were surveyed and combined with 
topographic map data developed by the Corps. Due to the smaller period of record the flood 
frequency curve peak flow estimates were higher than those developed by the USBR or 
USACE using the full period of record. As discussed above this modeling is considered 
outdated, while the resulting FIRMs remain effective. 
 
In 1987 NHC performed an evaluation of sediment accumulations in the river and proposed 
gravel extraction locations and volumes. The work utilized the model developed for the 
FEMA FIS but was updated to include current survey data at the bridges in the study area. A 
sediment transport analysis was done to estimate annual sediment yields and extraction 
requirements to manage flood risk (NHC 1987). 
 
In 2002 the USBR released a comprehensive study of the physical processes, human impacts, 
and restoration opportunities along the entire Lower Dungeness River (USBR 2002). This 
study identified the hydraulic issues posed by the Federal and Beebe levee in the project 
reach and set the stage for additional studies and restoration actions. 
 
This study was followed by a comprehensive modeling effort (USBR 2007) to evaluate the 
hydraulic changes likely to occur from a variety of levee setback proposals. The study relied 
upon 2002 LiDAR data and the USBR SRH-2D hydraulic model to map how flood waters 
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would flow across the floodplain through the restored areas. Unfortunately, due to a lack of 
real estate, none of the alternatives reflect those currently under consideration, necessitating 
additional modeling work.  The modeling provides insights on flood flow circulation 
patterns, depths, and velocities in the project reach. The existing conditions model runs are 
applicable to this study without adjustment and the property owner setback alternative is 
likely a viable first estimate for conditions expected after levee setback.  
 
In 2011, as part of a separate restoration study by the Jamestown S’Klallam Tribe, Cardno-
Entrix and WEST consultants constructed an AdH 2-d model in 2011 of the site for existing 
and with project conditions. The with-project conditions include constructed side channels 
that are not part of the USACE project, but could be constructed after a levee setback project. 
The design is very similar to the Meadowbrook setback alternative presented in this study. 
The work was conducted to aid design of a restoration project that would also install several 
engineered logjams and floodplain roughness elements to help prevent avulsion of the 
Dungeness into the restored floodplain after the levee was set back. This AdH model was run 
by USACE as a check but not closely reviewed. It is anticipated that the model can be applied 
by USACE for purposes of determining the flood levels adjacent to the levee where river 
flows are not parallel to the river. The intent of this work was to dovetail with the 
USACE/Clallam County project. 
 
Due to the floodway issues identified in 2012, and the incomplete model domain, the 
modeling was updated in 2013 to reflect a discontinuous levee concept and extend the model 
domain to the full floodprone extent. The conceptual design of the other project features 
remained unchanged. Logjams were proposed for the mainstem river channel and along relic 
side channels. The pasture area landward of the levee was not modified, with the exception 
of a large channel near the north end of the project to drain floodwaters back to the river.  
 
In 2012 USACE acquired highwater mark data to verify if conditions along the mainstem 
differed appreciably from those predicted by the USBR model.  This work documented a 
continued depositional trend. Sensitivity tests were performed. The 2011 model was 
recalibrated. Manning’s n values were somewhat higher than those used by Cardno-Entrix or 
the USBR. 
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In 2013 Cardno-Entrix updated their restoration project design for the Jamestown S’Klallam 
Tribe, including the AdH modeling to address concerns presented previously and to capture 
the “gap levee” alignment. The modeling confirmed the levee overtopping risks and validated 
that the gap levee will allow passage of upstream floodwaters without redirecting 
floodwaters around the levee.  It is assumed that the H&H PDT members will update one or 
more of the existing models to investigate the hydraulic effects of project proposals as part of 
the feasibility study. The following discussion provides summary information on each of the 
modeling efforts.  
 

4.3.2 Clallam County Flood Insurance Study (FEMA 1984) 

1984 Flood Insurance study by CH2M Hill to investigate existence and severity of flood 
hazards in the unincorporated areas of Clallam County to aid the administration of the NFIP. 
USsed to establish actuarial rates for flood insurance and to allow for sound floodplain 
management.   

 

4.3.2.1 Applicability to Decision Doc 

o Levee is not containing the 100-year base flood event nor providing authorized 
flood protection (200-year) as indicated by effective FIRM. 

o Floodplain limits are extensive – area of project effect extends beyond project 
footprint, both upstream, across river, and downstream depending on the setback 
levee extent and alignment. System wide evaluations of flood risk using hydraulic 
modeling will be required for any major floodplain modification. 

o Fills placed in floodway (levees, mounds) will need to be evaluated using 
hydraulic modeling, using modern data to demonstrate to FEMA, local 
stakeholders, and the local NFIP regulator (Clallam County) that the fill does not 
cause an unacceptable rise in the floodway water surface elevation. This will be 
evaluated using FEMA’s “Fish enhancement structures in the floodway” guidance 
(FEMA 2010). Because the effective model is outdated and not salvageable, 
existing and new 1-D and 2-D modeling will be used during design. If the flood 
increases from restoration are less than the allowable rise, it is the PDT’s 
understanding that there would be no need to update the FEMA flood maps as 
part of the restoration project. 
 



H&H TECHNICAL APPENDIX: HYDROLOGY, GEOMORPHOLOGY, HYDRAULICS, & HYDRAULIC DESIGN  

Dungeness River Restoration Project Page 161 
 

  



H&H TECHNICAL APPENDIX: HYDROLOGY, GEOMORPHOLOGY, HYDRAULICS, & HYDRAULIC DESIGN  

Dungeness River Restoration Project Page 162 
 

 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4-19: Current FEMA floodplain map for project area 
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4.3.3 Physical Processes, Human Impacts, and Restoration Issues of the 
Lower Dungeness River (USBR 2002) 

In 1996, the Jamestown S’Klallam Tribe (JST) requested technical assistance from the Bureau 
of Reclamation to undertake a geomorphological investigation of the lower 10.5 mi of the 
Dungeness River. The goal of the cooperative effort was to describe the existing physical 
river processes, determine how the natural processes have been affected by human activity, 
and develop potential restoration options that could be considered. This comprehensive 
multi-year study was intended to build on and complement past and ongoing studies of the 
Dungeness River. It represents the largest single body of knowledge for the Lower 
Dungeness River and was invaluable for this study.  
 

4.3.3.1 Applicability of Study to USACE Decision Doc 

o Report is equivalent to USACE recon report, and in often cases equivalent in 
detail to a feasibility report – much of the investigations can be incorporated into 
the Decision Doc with minor modification and verification. 

o Permanent cross sections can be resurveyed to verify continuation of geomorphic 
trends. 

o Model can be used for levee freeboard investigation. 
o Study identified issues with existing USACE levee (freeboard, backwater effect on 

sedimentation) 
o Model can be used for sediment transport investigations to confirm general trends. 

 

4.3.4 Numerical Modeling of Levee Setback Alternatives for the Lower 
Dungeness River, WA (USBR 2007) 

In the previous geomorphic study accomplished by the Bureau of Reclamation 
(USBR 2002), setback or removal of existing levees was identified as the alternative that 
would provide the most benefit in regards to restoring channel processes that had been 
altered by human activities on the lower 10 miles of the Dungeness River. The Dungeness 
River Management Team (DRMT) Dike Study Subcommittee subsequently requested 
Reclamation use a two-dimensional (2D) numerical model to further evaluate potential levee 
setback alternatives, as identified by the subcommittee, in the lower 2.7 miles of river (Figure 
4-20). 
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The Generalized Sediment Transport for Alluvial Rivers and Watersheds (GSTAR-W) model 
was used, a 2D hydraulic and sediment transport model for river systems and watersheds.  
LiDAR data collected from December 2000 to March 2001 was used for existing 
condition model topography. Three Federal levee setback options and two Beebe 
setback options were modeled, along with a no-levee scenario to develop a 
baseline of approximate pre-levee conditions for comparison. A new flood 
frequency analysis was completed, based on historical annual peak flows recorded at 
the USGS gage at RM 11.8. The majority of setback modeling was done at the 
100-year flood, with a few scenarios modeled at the 2-, 5-, or 25-year floods. 
 

 
Figure 4-20: USBR levee setback alternatives 
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Figure 4-21: USBR Existing Conditions 100-year Floodplain (houses likely to be flooded shown 
in red) 
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Figure 4-22: USBR Towne Road Setback 100-year Floodplain and Water Surface Elevations. 

Note that flood elevations are about 3 feet higher than those computed as part of the recent 

model updates. 

 

4.3.4.1 Applicability to Decision Doc 

o Model results for existing conditions indicate that the river would overtop the 
levee along much of its length through the project reach however predictions for 
with project flood levels are higher by about 4 feet in the project reach than most 
recent estimates by the Corps, likely due to provision of an outlet channel within 
the restoration site, and the use of more conservative peak flow estimates, and less 
detailed river bathymetry by the USBR. 
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o Under existing conditions the 2-D modeling shows the levee being overtopped 
upstream of the property boundary for the restoration project under existing 
conditions, but not under the setback condition. Aggradation since the study and 
differing methods could explain the different predictions. Restoration alternatives 
analysis shows that setting back the levees will allow for restored floodplain 
processes and reduction in flood risks. 

o Ponding depths along setback levee could exceed 8 feet during the 5 to 100 year 
events due to depressed terrain adjacent to the setback levee 

o Levee setback may reduce flood levels significantly such that freeboard will be 
increased on levee, reducing risk of overtopping of existing levee. 

o Strong consideration should be given to addressing potential channel avulsion into 
the right floodplain as part of the levee setback project, as the initial habitat 
conditions could be degraded in both the floodplain and main channel. If 
degraded conditions can be accepted, and avulsion into the floodplain would not 
pose risks to the levee then it is likely that the river would rapidly deposit 
sediment and organic material, setting the stage for eventual  vegetative 
colonization and stabilization of the restored floodplain area. Without 
intervention it could take several decades for a mature riparian forest and stable 
conditions to develop. 

 

4.3.5 Dungeness Levee Setback Restoration Project  (Cardon-ENTRIX 2013a) 

In 2011 the Jamestown S’Klallam Tribe (Jamestown S’Klallam Tribe) retained the 
services of Cardno-Entrix and WEST Consultants to provide a restoration design 
for the levee setback area. The intent was to use grant funding to advance 
restoration concepts for the County/Corps project. The work included 
constructing a 2-D hydraulic model of the restored floodplain area that 
represented the restoration and setback levee design. The Jamestown S’Klallam 
Tribe’s consultants prepared an initial design that includes a series of 
interconnected channels and engineered logjams to create habitat and act as 
barriers to abrupt river migration (Figure 4-25).  
 
After review of preliminary model output USACE realized that the model domain 
did not extend far enough downstream to model the fate of floodwaters that were 
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predicted to overtop the levee just upstream of the setback levee. In the same 
period of time, the FEMA floodway issue became apparent, and USACE developed 
the discontinuous setback levee concepts discussed herein. 
 
In 2013 to complete their task order with the JSKT, Cardno-Entrix/WEST updated 
the AdH 2-D modeling and restoration design to remove the portion of setback 
levee from the floodway. Other than the changes to the setback levee alignment 
the 60% design did not change much from the 10% design developed previously.  
 
The updated modeling work appears to resolve the issues with the earlier work, 
and validated the feasibility of containing the 100-year flood with a discontinuous 
setback levee alignment. Concurrent with this work Cardno-Entrix also 
completed a geomorphic assessment of the existing conditions and restoration 
proposal (discussed in chapter 3).  
 
The study indicates that the area that the Corps proposes to construct side 
channels and logjams is part of both the historic channel migration zone and the 
75 year migration zone following restoration. The study did not view the project 
as having a credible chance of allowing the river to migrate beyond the present 
location of Towne Road. Thus the chances of avulsion into Meadowbrook creek 
are remote. Avulsion or migration to the north through the restoration site toward 
the schoolhouse bridge is likely but can be managed by a buried rock trench to 
prevent head cutting and avulsion within the site.  
 
It is the PDT’s opinion that the consultants 60% restoration concept is a viable 
alternative to the Corps’ concepts based on the information provided, but is more 
likely to require adaptive management if the buried rock avulsion countermeasure 
proves inadequate. It also forgoes the opportunity to significantly increase the 
available aquatic habitat within the site, and would be less resilient to the effects 
of channel migration and overflows due to the small amount of available large 
wood in the existing pasture lands. Levee removal and the proposed addition of 
ELJs to the mainstem are likely to shift the balance of flow from the river toward 
the lightly vegetated site over time. 
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4.3.5.1 Applicability of Study to USACE Decision Doc 

o The lower n-values in this study are lower than textbook values for similar 
conditions. This likely result from the combination of interpolated bed conditions 
and calibration to a flood that occurred roughly 10 years previous to the survey 
work. Thus the effects of bed aggradation were not as pronounced in 2002 and 
thus the model parameters were lowered to compensate for the aggradation that is 
included in the survey data. 

o The AdH model prediction that levee overtopping will not occur during the 100-
year event after the levee is set back is in conflict with the HEC-RAS modeling 
work performed by USACE using higher n-values (see Section 4.2). This is 
attributed to lower n values used and lack of adequate river survey data where 
levee overtopping is most likely to occur. 

o The modeling appears adequate to inform design of the levee or interior project 
features with minimal modification other than inclusion of the proposed terrain 
modification 

o A sensitivity analysis is recommended if the 2D model is used for levee design 
work. 

o Geomorphic work preformed for this study should be leveraged in the design 
phase of the ERP. 
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Figure 4-23: 2-D AdH Model results for Existing Conditions 100-year event showing upstream 

levee overtopping (Cardno-Entrix 2013a) – flows continue northeast over Anderson Road but 

are not shown in this plot. 
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Figure 4-24: 2-D AdH Model results for 100-year event with potential setback levee (Cardno-

Entrix 2013a). Note that the levee at the time of analysis was assumed to tie into the glacial 

outcrop just east of the Anderson Rd bridge. 
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Figure 4-25: Concept for restoration within the project site (Cardno-Entrix/Jamestown 

S’Klallam Tribe 2013) 

5 HYDRO-GEOMORPHIC DESIGN APPROACH FOR SELECTION AND DESIGN OF 
ECOSYSTEM RESTORATION FEATURES 

Perpetuation of the status quo is likely to a result in continued degradation of habitat and 
increases in flood risk. Modeling performed for this study and others indicates setting back 
levees helps restore normative hydraulic conditions and reduces flood risk. Thus restoration 
using setback levees has a very clear purpose and rationale at this site. Construction of a 
setback levee project to modern standards based on current conditions would clearly reduce 
flood risk as well as restore natural floodplain processes over a large area and create 
opportunities for main-stem restoration actions as well. Restoration actions are likely to 
increase the resilience of both the ecosystem and infrastructure. 
 
This section describes the likely response of the river to levee removal and provides 
supporting information used to develop the conceptual design. 
 

5.1 Large Wood Cycle Hypothesis as Conceptual Model for Restoration 

The proposed restoration design philosophy is to accelerate restoration of forested 
island/anabranching river morphology within the restoration site to compensate for present 
lack of large trees within the site, aggraded riverbed conditions, and the lost restoration 
opportunity created by the portion of the levee that must remain as part of the restoration 
project. The lack of large trees is a result of over a century of agricultural use at this site. The 
template or analog for this approach is based on observations of how the Lower Dungeness 
River has responded to cessation of historic channel clearing activities (USBR 2002) and 
knowledge of how forested island channel morphologies are created and maintained (Eaton 
2010, Collins 2012) and recent site observations (see Section 8, Supplemental Appendix HH-
3).  
 
Large trees are important in river valleys for a number of reasons and are integral to 
successful riparian restoration efforts (Collins et al 2012). Given the geomorphic setting and 
hydrology levee removal is likely to restore an anabranching planform provided that an 
intact riparian forest is available to regulate channel migration and form woody hard points 
essential for establishing and maintaining an anabranching planform (Collins et al 2012). In 
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the absence of woody hard points (log jams) the river has increased potential for freely 
migrating within the site which could result in a braided condition, which initially has 
diminished ecological value until enough wood and sediment are deposited within the site to 
establish an anabranching planform.  
 
The Collins et al 2012 paper on the Large Wood Cycle Hypothesis makes the case that 
logjams protect patches of forest from lateral erosion, allowing for trees to establish and 
mature to a size that when recruited to the channel helps stabilize the channel in a more 
complex configuration.  The paper also documents the substantial increase in active width 
and reduction in forested patch area in river valleys when large amounts of wood were 
removed, either by logging or by removal of snags from the channel. This condition is 
analogous to restoring a river to a site with very little wood or an established channel 
network. The purpose of provided side channels and logjams as part of the project design is 
to avoid a temporarily degraded condition associated with unchecked channel migration and 
braiding that are likely to be experienced within the site due to the lack of mature trees and 
woody hard points. 
 
The risk of unchecked migration which could include a channel avulsion through the site 
can be managed in a number of ways. An avulsion can be allowed to occur provided that the 
consequences of channel avulsion are acceptable to project stakeholders. Given that the 
project sponsor desires to maintain an existing road right of way through the restoration site 
we assume that unchecked avulsion and migration are not desired. 
 
If avulsion risk is not managed, the site could experience rapid, unpredictable, and 
potentially undesirable changes in response to large floods, followed by a period of instability 
and a gradual recovery back to a more stable state. However, given adequate time (several 
decades), natural processes would still be likely to reestablish a forested island morphology, 
dominated by large wood, diverse forest stands, and side channels, whatever the scale of the 
avulsion event.  
 
For illustration of this process one can compare the aerial photos of the Lower Dungeness 
River shown in Figure 3-45 from the 1960s to those taken recently. The photo pairs show a 
transition from a highly degraded historic condition (where forested islands and wood are 
largely absent) (likely due to channel clearing activities), to one where a maturing 
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alder/cottonwood forest has reestablished itself throughout the active floodplain, with 
frequent logjams and side channels. This evolutionary sequence appears to play out in less 
than 4 decades, about the time it takes a cottonwood tree to mature.) 
 

 
 
Figure 5-1 Conceptual model of impact of introduction of large riparian trees to a river valley, 

excerpted from Collins et al. 2012. The goal of adding large amounts of wood to the site is to 

encourage the site to evolve along path A, rather than B, as shown in Figure 8.   
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Figure 5-2 Example of anabranching (anastomosing) channel and braided channel from Figure 
3 excerpted from Collins et al. 2012. Note the large amount of cover and complexity 

associated with the anastomosing channel vs. the braided channel.   

 
Avulsion can be managed using non-erodible features such as rock grade control structures, 
or levees, however these are incompatible with the goals of restoring natural processes and 
channel forms. For this project, instead of preventing avulsion with countermeasures, the 
Collins et al large wood hypothesis is applied to increase the resiliency of the site to flood 
disturbance and accelerate restoration of the site to its most likely undisturbed state, an 
anabranching channel complex controlled by large standing trees on forested islands. To 
accomplish this goal, constructed channels are built along the traces of relict floodplain 
channels along  steep overflow paths that simulate what may have been present had the 
levees not been constructed (or that could form after an avulsion has occurred). Due to the 
lack of a mature forest to recruit wood and form logjams naturally engineered logjams and 
anchored large wood clusters are added at locations that make sense as hard points (forested 
islands) in context with topography and channel locations. In addition, disturbed areas are 



H&H TECHNICAL APPENDIX: HYDROLOGY, GEOMORPHOLOGY, HYDRAULICS, & HYDRAULIC DESIGN  

Dungeness River Restoration Project Page 177 
 

replanted including placement of a significant quantity of large diameter cottonwood live 
stakes in locations where avulsion risk is elevated. The main side channel will be sized to 
accommodate about half the rivers flow during the 2-year flood event and be allowed to 
migrate freely between constructed hard points.  See Figure 5-3 below for an illustration of 
the restoration approach overlaid with existing topography. While we recognize the river 
has all the necessary ingredients to evolve into this configuration naturally with simply levee 
removal, we strongly suspect it would occur over the span of several decades, diminishing 
the potential impact of restoration activities.  
 

 
Figure 5-3 Typical section of restored area near upstream end of site 

 
 
To achieve that end, the design attempts to balance flow between the river and the restored 
site over the first decade of the project life, and uses large wood to help manage the rate of 
channel migration and avulsion in the largely unforested site, to give the native riparian 
forest time to colonize the restoration site (augmented by plantings). After the first decade it 
is expected that continued sedimentation and the presence of the constructed side channels 
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will increase the rivers’ tendency to shift away from its current channel and into one of the 
constructed side channels. If 10 years or more elapse before side channel capture, willows, 
alders, and cottonwoods will have a secure foothold throughout the site and will help the site 
evolve at rates more typical of natural floodplains in response to periodic flood disturbance.  
 
Where channels are not constructed cottonwood live stake flood fences would be built to 
help manage the risk of avulsions forming naturally along steep gradient pathways between 
where the levee is removed and where the side channel returns to the river near the 
Anderson Road  bridge. 
 
If modeling during design indicates that the proposed concept has significant risks or 
feasibility issues, such as diverting all of the flow of the river, the scale and size of the 
restoration features can be downscaled and the project would shift toward a more process 
based restoration approach, where the site is allowed to passively evolve without the 
presence of as many constructed features (setback levee excluded). While resulting habitat 
from this design is likely to look significantly different after 10 years, it would probably not 
be distinguishable after a century or more.  Continued mainstem sedimentation also poses 
challenges for this design which warrant measures to manage avulsion risk (please see 
Cardno-Entrix 60% plans for a depiction of this alternative design).  
 
Further discussion of the rationale for specific design features is provided below. 
 

5.1.1 Floodplain return channel 

 
A large isolated topographic depression will be created along the proposed Meadowbrook 
creek levee alignment due to the truncation of the  natural overflow pathway by the levee. 
This depression will fill with floodwater, drain slowly and trap fine sediment while it slowly 
percolates into the ground water table. The levee foundation will likely be saturated and fish 
may be stranded as a result. For this reason, the conceptual design includes a return channel 
excavated through the floodplain to allow floodwater to freely drain back to the river just 
upstream of Anderson Road bridge. Inspection and maintenance of the return channel may 
be needed as it could block the drainage pathway of for water that would otherwise pond 
next to the proposed levee. 
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5.1.2 Site wetland conversion to riparian forest and active channel 

 
Large areas of the site are jurisdictional wetlands created by the un-natural perched river 
conditions. Wetlands are most common along isolated former river channels and closed 
depressions. Review of the modeling results for with project conditions showing large 
percentage of less than bankfull flows leaving the current river channel along these 
topographic depressions indicating that the river will have more frequent access to its 
floodplain in this portion of the river than is typical. This is likely due to historical 
disconnection of the restored lands from the river and cessation of the natural levee building 
process along the channel margins, and acceleration of aggradation in the main channel.  
Modeling performed for this study for with-project conditions indicates that the river will 
break out into the restored site at 1/3 of bankfull flow, or equivalent to the XX % chance 
daily exceedance discharge. By the time flows reach bankfull stage, approximately XX% of 
the flow has left the river. The restored site is currently dominated by fine grain floodplain 
soils overlain by grasslands and wetland vegetation that are slowly converting to riparian 
forest. The site presently lacks large trees that can be recruited to create hard points 
important for creating and maintaining a stable anabranching river planform which is the 
current condition for the river at this site (see Collins et al 2012).  
 
With an elevated frequency of overtopping coupled with the presence of relic low flow 
channels, and lack of adequate substrate or mature vegetation to resist the erosive forces of 
the river, we feel that the river is likely to begin actively reshaping the site through erosion 
and deposition shortly after levee removal, at rate that could result in conversion of much of 
the existing wetlands to active river channel or riparian forest. Baring inclusion of large 
floodplain roughness elements, the restored habitat may be more frequently disturbed than 
adjacent reaches due to its high initial instability. This could result in higher than desired 
rates of export of fine sediment until erosion rates decline due to depletion of erosion prone 
soils and/or deposition of erosion resistant substrate.  
 
We assume that the anabranching planform prevalent at unconfined reaches of the 
Dungeness River in the vicinity of the site reflects the long term potential for the site once 
the levee is removed. This planform is created and maintained by woody hard points 
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(logjams) that result in formation of forested islands and side channels (Collins et al 2012). 
Since the site lacks mature trees needed to create woody hard points or soils sufficient to 
resist transport, we assume that the site will be highly dynamic and will initially be 
dominated by erosion of the fine soils underlying the existing wetlands.  
 

5.1.3 Side channels, anchored large wood, engineered logjams, and 
vegetated terraces 

 
From the restoration standpoint, large side channels along with anchored large wood and 
engineered logjams are proposed to reestablish the anabranching channel planform, to 
initially define the limits of channel migration, to limit the amount of overflow into the site 
from the river, to create pool habitat, and to recruit gravel and wood within the site. The 
decision by the County to preserve the existing Towne Road through the restoration site 
necessitates some channel construction work; otherwise the road would flood several days a 
year.. Since the soils most likely to erode will be mechanically removed during side channel 
construction, export of fine sediment to the estuary is mitigated. The excavated soils will be 
placed within the site along the elevated margins of the relic oxbow to help restore natural 
rates of connectivity with the floodplain. Constructed terraces will be gently sloped and 
heavily revegetated to help resist erosion by the river and accelerate restoration of the 
riparian forest. Inclusion of river gravel within the terrace may help reduce erosion 
potential. Engineered logjams will be located where it is desired to split or deflect flow along 
constructed channel alignments. Typically the river will form large pools at woody hard 
points, which are also natural locations for wood and gravel storage. Growth and/or 
abandonment of constructed logjams is a natural process and is to be expected. Locating some 
of logjams at low points where flow is most likely to be present will ensure that some of the 
structures will be engaged with the river. Logjams will be backfilled with river gravel and 
planted to create small hard points and forested islands. 
 

5.1.4 River avulsion and channel migration countermeasures 

 
While river restoration in this setting would normally view migration and avulsion as 
beneficial outcomes, consideration of the unique site conditions results in elevated concerns 
over short term negative consequences to existing habitat and species of concern. Principally 
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the frequent overflows, steep topography, and lack of standing trees or stable large wood 
increase the potential for avulsion and channel migration and likely result in a more dynamic 
condition and greater amount of fine sediment export than would result if the site was 
forested. The decision by the local sponsor to preserve Towne Road within the site also 
reduces the value of a “blow and go” approach because it introduces the possibility of O&M 
activities that could be harmful to the restoration project. 
 
Remnants of recent avulsions are common along nearly every unconfined reach of the 
Dungeness we inspected in summer 2013 and there is no reason to believe that site 
conditions are less favorable for avulsion, in fact they may be more so. Two prominent short 
circuit avulsion pathways are present within the site along relic channels that connect the 
oxbow channel behind the current levee and Anderson Road bridge. Inclusion of the return 
channel at the bridge is essentially creates a “post-avulsion” condition. By generously sizing 
this channel, adequate conveyance is assured, and this allows for the river to deposit 
sediment to define its ultimate grade and width.  Inclusion of side channels between the 
outlet channel and upstream restored oxbow along one of the two most likely avulsion 
pathways creates a more stable “post-avulsion” condition than what might be present 
following a natural avulsion event. Along the other pathway floodplain fences, composed of 
large diameter cottonwood log live stakes, would be embedded into the open areas of the site 
where riparian plantings are sparse, and interspersed with down woody material to promote 
trapping of organic material and sediment. It is hoped that this will help reduce channel 
migration rates while the standing trees within the site mature. This accelerates conversion 
of the site to riparian forest important for creating hard points needed to sustain 
anabranching river systems. 
 
Even without an avulsion within the site, the river is likely to down cut its bed for some 
distance upstream of the project due to the local steepening of the energy grade line caused 
by the levee removal and reduction in downstream backwater. This bed material and large 
wood from the river will likely be transported into the project site and enhance the process 
of bar building and logjam formation needed to establish (or reestablish) an anabranching 
planform. Without defined channels the river may periodically deposit sediment over wide 
areas, resulting in shallow braided conditions. The prospects of export of fine sediment to the 
downstream estuary would initially be elevated by the potential for erosion within the site, 
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however the expansive ponding area that will form in large floods near the setback levee will 
trap fine sediment. 
 

5.1.5 Restoration Project Design Approach 

 
The high complexity of the site, considerable uncertainty in terms of the channel response to 
restoration, and lack of a similar project precedent requires a careful, integrated, and multi-
disciplined approach to restoration design. Even if a pure process based design is pursued, 
predictions of the channel response need to be based on robust modeling, to ensure that the 
setback levee is properly designed and that adjacent infrastructure and private property are 
not negatively impacted.  
 
Design of the restoration project for the planning study is informed by hydraulic modeling of 
the likely floodplain changes, however design of the interior features is conceptual, based in 
design of similar restoration projects, and not informed by detailed analysis. 
 
The proposed method for detailed design of the principal restoration project features is to 
update the 2D hydraulic modeling of the proposed floodplain topography, informed with 
alluvial channel design techniques (ASCE 110, NRCS NEH Part 654) to determine initially 
stable channel geometry and bank heights for terraces. Due to the lack of an existing riparian 
forest, presence of soft soils and finer grained alluvium, large wood and ELJs will be used 
extensively to dissipate energy and trap mobile wood and sediment (sand and gravel). 
Imported rock armor to stabilize channels and banks will be avoided to allow for natural 
processes to shape and maintain the project. 2-D hydraulic modeling will inform the final 
levee crest design, as will sensitivity and uncertainty analysis.  
 
Please see Supplemental Appendix HH-2 for design criteria for preliminary design 
information for side channels and stream crossings. At this stage it is assumed that all 
channels will satisfy alluvial channel design criteria, where they are sized to be marginally 
stable based on expected hydrology, hydraulics, sediment delivery, bed materials and 
vegetation, but are then allowed to evolve over time without intervention. The details of 
these features will be determined after soil borings, updated hydraulic modeling, and 
stakeholder input are available to validate and revise the tentatively selected plan. Note that 
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the conceptual designs for the ELJs and large wood clusters will be validated once hydraulic 
modeling that includes proposed side channels is completed; however the designs are 
informed by similar projects completed in the last decade by Seattle District in nearby 
watersheds and should be considered feasible for the time being. 

6 FUTURE WITH AND WITHOUT PROJECT HYDRO-GEOMORPHIC CONDITIONS  

The PDT has developed three conceptual designs that represent a compromise over a pure 
process based approach initially envisioned by the stakeholders. Actions that restore 
geomorphic function and habitat forming bio-geo-chemical processes that focus on root 
causes of system degradation are now commonly viewed as a more sustainable and cost 
effective means toward ecological restoration as compared with those that design and 
construct habitat to serve the same purposes (WDFW SHRG, 2012, Beechie et al, 2010). 
While the PDT respects and understands the value of the pure process based approach, it 
cannot be pursued exclusively throughout the site without construction of a levee across the 
existing floodway or a willingness to accept the increased likelihood of undesirably dynamic 
conditions and erosion within the site during the short term (5-20 year) period while large 
erosion resistant vegetation becomes established.  Unchecked erosion and channel migration 
also increases risks that Towne Road will be damaged and require repair. 
 
The designs presented in the decision document and discussed below can be viewed as a 
hybrid approach, informed by process based restoration principles that balances the goal of 
maximal restoration of habitat for threatened and endangered salmonids within the political 
and physical constraints of the site. Constructed channels and logjams are expected to evolve 
naturally with time. They may enlarge or may be abandoned, and new channels may form at 
locations where no channels have been provided. As long as a moderately mature riparian 
forest can establish within the site to maintain woody hard points and forested islands, high 
quality instream and off channel habitat appropriate for the geomorphic context should 
result from restoration.  
 
Because the proposed design necessarily leaves a portion of the levee in place (so that 
restoration of the larger site can occur without inducing flooding or impacting the floodway) 
it maintains a degraded condition within the mainstem. This continued degradation created a 
desire on the part of the PDT to construct habitat that could otherwise form within the site, 
but at unknown locations, scales, or times.   
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Thus restoration of the forested island or anabranching river and floodplain morphology 
(principal project goal) relies initially upon constructed habitat for much of the ecological 
benefit and then natural processes for maintenance of these benefits. The scale of the 
constructed channels, logjams, and log clusters is intended to be compatible with the 
dynamic natural processes at work within the restored site. By introducing large amounts of 
wood in areas along the constructed channels where deposition would naturally occur after 
levee removal, initial rates of erosion, deposition, and channel migration are closer to those 
observed in stable reaches of the river.   
 
The above general discussion of future with project hydro-geomorphic conditions applies 
equally to all alternatives. The following represent a detailed discussion of the expected 
hydraulic and geomorphic responses specific to the two alternatives developed as part of this 
study, and their relationship to restored habitat and flood risks. Expected future habitat and 
flood risk conditions without restoration are discussed first. 
 

6.3 Future Without-Project Conditions  

6.3.1 Habitat and Hydrology 

Without removal of existing levees along the lower two miles of the Dungeness River, 
current trends of aggradation will likely continue, punctuated by short periods of channel 
disturbance (flooding). Due to an increase in the volume of large wood less confined areas of 
the channel (due to natural recruitment and storage of the large logs and trees within the 
channel), flow resistance is increasing, which will promote additional sediment storage and 
channel migration. In areas that are not highly confined logjams and large wood will be 
become more frequent, improving habitat conditions for fish over current conditions, 
however the unnaturally high velocities and depths in the confined reaches will continue to 
result in un-natural conditions that degrade the quantity and quality of fish habitat.  
 
Expected future atmospheric warming is predicted to cause increased peak flood discharges 
of roughly 30%, mountain snowpack reductions, reductions in summer time streamflow and 
increased stream temperatures which could create lethal conditions for salmonids (see 
Appendix H-1, Figures HH-1-2 through HH-1-4). Reductions in snowmelt runoff will likely 
reduce the amount of groundwater available within the site during the fall and summer. 
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Increased flood peaks will likely increase sediment delivery to the project reach exacerbating 
aggradation problems. 
 
Habitat rehabilitation efforts in the main channel will likely be hampered by valid concerns 
of limited levee freeboard and conveyance. Thus the presence of the levees in their current 
state limits the viability of other potential restoration actions, perpetuates an already 
degraded condition, and worsens residual flood risks. 
 
 

6.3.2 Flood Risk 

 
Based on the results of all recent hydraulic studies of the Dungeness River floodplain, levee 
overtopping is predicted to occur along the Federal levee, with the greatest risk between RM 
1 and RM 2 (area proposed for setback levee) for floods of lesser magnitude than the 1% AEP 
(100-year) event. Long term (and potentially short term) aggradation and wood 
accumulation will reduce channel capacity and increase the likelihood of the existing levee 
overtopping during floods smaller than this magnitude. Given the perched river conditions 
and levee overtopping potential, if a breach were to occur, modeling performed as part of 
this study (See Supplemental Appendix H-4) suggests that diversion of a majority of flow out 
of the river into a former distributary channel (Meadowbrook Creek) could occur. 
 
Observed sedimentation rates between the Anderson Road Bridge and the upstream end of 
the project reach range from .01ft/year to .14 ft/year, with an average of .05 ft. Between the 
upstream end of the project reach and upstream end of the Federal levee, the rates are lower. 
In a 50-year project life the river could potentially aggrade 0.3-10.2 feet (average of 4.3 feet) 
in reach 2, and 1.4 to 3.5 feet in reach 3 (average of 2.3 feet). At the existing critical levee 
section, assuming average aggradation rates in 50 years, the Federal levee could overtop at 
approximately 7,000 cfs, which corresponds to the 5% AEP (20 year) flood event. 
 
A detailed investigation of flood risk posed by a theoretical flood exceeding the current levee 
crest elevation was conducted as part of this study (Appendix HH-7). The findings indicated 
that overtopping risks are elevated and that the levee does not provide its authorized level of 
protection. Should the levee breach in response to overtopping during a flood equivalent to 
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the January 2002 event, nearly 250 structures could be flooded, and Sequim Dungeness way 
would be closed due to overtopping. If the road were to wash out during the event, the river 
would have a very good chance of reoccupying its former distributary channel which would 
put dozens of private properties at risk of total loss, and could require construction of 
another bridge over the reactivated distributary channel. Fortunately the flashiness of the 
river and infrequency of floods large enough to overtop the levee help reduce this risk. 
 
At this time, elevating the levee in place to restore its originally authorized purpose is likely 
infeasible along its most flood-prone portion for several reasons. Raising the crest would 
require fill within the current effective FEMA floodway and it would increase flood 
elevations for a private levee (Beebe levee) along the left bank (not part of PL 84-99 
program). Raising one levee would likely require raising the other to mitigate induced 
flooding risks and to overcome local objections.  Due to the low population density and 
agricultural uses behind the levees the flood damages prevented may not justify the cost of 
raising both levees in place. A raise-in-place project would perpetuate a degraded habitat 
condition for several more decades which would likely result lawsuits by Tribes and 
environmental organizations. 
 
If the private levee owner were to pursue a setback project, the Federal Levee level of 
protection could increase significantly upstream of Matriotti Creek, but would remain 
unchanged downstream of this point in the project reach. Please refer the recently 
completed Lower Dungeness River levee setback study (USACE 2014) for discussion of levee 
setback alternatives currently under consideration by the Jamestown S’Klallam Tribe. 
 
In several decades time sea level rise is likely to worsen flooding of properties near 3-crabs 
road and near the Town of Dungeness (independent of worsening conditions associated with 
the River), which could also lead to displacement of many of the inhabitants protected by 
the levee. Thus flood risks may eventually decline landward of the levee due to 
abandonment of the floodplain for higher ground. 
 
Barring modification of the existing levees, future without-project flood risks will continue 
to worsen due primarily to natural processes and an over-constrained floodplain. These flood 
risks are likely to be exacerbated by expected changes to climate and hydrology, including 
sea level rise. While the project site is perpetually in conservation, the lands outside the site 
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(protected by the levee) are slowly being converted from agricultural use to residential use, 
which increases the number of people in harm’s way in the short run. As flood damages 
increase over time, many of the flood prone properties behind the levee and near the estuary 
may be abandoned which could increase the opportunity for future ecosystem restoration 
efforts. 
 

6.4 Future with Project Conditions – Alternative 1: Towne Road Setback  

6.4.1 Habitat 

Removal of 2,600 lineal feet of levee will restore geomorphic function and fluvial processes 
to 20 acres of mainstem Dungeness River and 66.5 acres of historical floodplain habitat will 
be restored (excluding 0.4 acres of road that will remain). Initially 2,490 lineal feet and 7.0 
acres of active side channel habitat will be created, and 2,400 lineal feet and 1.4 acres of 
groundwater (backwater) channel habitat will be created. Nearly 9,800 lineal feet of wetted 
perimeter will be created within the site. As these channel experience flooding, erosion, 
sedimentation, and debris recruitment the size, position, and substrate conditions of the 
channels, including the mainstem river will change. Riparian plantings, constructed terraces, 
and placed large wood will restore food sources, create floodplain structure and roughness, 
provide cover, and pool habitat in an area that is fallow pasture land at present. 19 ELJs and 
24 Anchored Large Wood Clusters will divert flow, dissipate energy in floods, maintain large 
pools, and store woody material and gravel, which will retain nutrients and benthic 
invertebrates needed for ecosystem recovery. Some fine sediment will collect within the 
vegetated margins of side channels, reducing sediment loads to the estuary. Constructed 
channels may plug completely with sediment, and new channels may form within the site.  
 
A new box culvert will be installed to replace the existing CMP culvert that connects the 
wetland area at the southwest corner of the site to the river, and a new box culvert under the 
south levee access road (currently Towne Road) will provide access over the groundwater fed 
side channel that will need to convey river backwater flowing into the site and potentially 
upstream levee overflows during major floods. The provision of culverts prevents fish 
stranding, creates connectivity between restored areas that would otherwise be 
disconnected, and maintains existing levee access routes. 
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6.4.2 Flood Risk 

Setback of the levee to the Towne road alignment is expected to reduce flood elevations 
from 0-3 feet (average of 2.6 feet). Construction of modern levee will reduce overtopping 
and breaching risk along the setback segment and have only a modest benefit for the most 
floodprone segment just upstream of the project boundary, next to the Beebe levee. 
 
Failure of the levee upstream due to breaching or overtopping will pose less risk than it does 
currently. Floodwaters will be allowed to flow through the gap in the levee, and back to the 
river, attenuating the amount of water that would otherwise pond upstream of Sequim 
Dungeness Way and flow down through Meadowbrook creek to Dungeness Bay. 
 
If the constructed levee were to fail due to overtopping or breaching, the downstream flood 
risks would be reduced compared with existing conditions, since a large return channel 
would be constructed to drain ponded water back to the River near the Schoolhouse bridge. 
Because the levee is fairly high where it ties into the bridge, water that flows into the 
restoration site under current conditions ponds to a higher elevation than it could under 
restored conditions. 
 

6.5 Future with Project Conditions – Alternative 2: Meadowbrook Creek 
Setback – with Towne Road in floodplain 

6.5.1 Habitat 

 
Removal of 2,600 lineal feet of levee will restore geomorphic function and fluvial processes 
to 20 acres of mainstem Dungeness River and 102 acres of historical floodplain habitat will 
be restored (excluding 1.5 acres of road that will remain). Initially 2,930 lineal feet and 7.4 
acres of active side channel habitat will be created, and 3,410 lineal feet and 1.8 acres of 
groundwater & backwater channel habitat will be created. Nearly 12,680 lineal feet of 
wetted perimeter will be created within the site. As these channel experience flooding, 
erosion, sedimentation, and debris recruitment the size, position, and substrate conditions of 
the channels, including the mainstem river will change. Riparian plantings, constructed 
terraces, and placed large wood will restore food sources, create floodplain structure and 
roughness, provide cover, and pool habitat in an area that is fallow pasture land at present. 19 
ELJs and 24 Anchored Large Wood Clusters will divert flow, dissipate energy in floods, 
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maintain large pools, and store woody material and gravel, which will retain nutrients and 
benthic invertebrates needed for ecosystem recovery. Some fine sediment will collect within 
the vegetated margins of side channels, reducing sediment loads to the estuary. Constructed 
channels may plug completely with sediment, and new channels may form within the site. A 
large low lying ponding area will form next to the setback levee during major floods. This 
area encompasses 36.8 acres and has very low velocities, which should result in a reduction 
of the amount of fine sediment and nutrients delivered to the estuary downstream.  This area 
will be drained with a constructed channel to prevent permanent loading of the levee toe.  
 
The constructed back channel under Towne Road will be bridged with a salvaged rail car 
bridge to maintain access. A new box culvert will be installed to replace the existing CMP 
culvert that connects the wetland area at the southwest corner of the site to the river, and a 
new box culvert under the south levee access road (currently Towne Road) will provide 
access over the groundwater fed side channel that will need to convey river backwater 
flowing into the site and potentially upstream levee overflows during major floods. The 
provision of culverts prevents fish stranding, creates connectivity between restored areas that 
would otherwise be disconnected, and maintains existing levee access routes. 
 

6.5.2 Flood Risk 

Setback of the levee to the Meadowbrook Creek alignment is expected to reduce flood 
elevations from 0-3 feet (average of 2.6 feet). Construction of a modern levee will reduce 
overtopping and breaching risk along the setback segment and have only a modest benefit 
for the most floodprone segment just upstream of the project boundary, next to the Beebe 
levee. 
 
Failure of the levee upstream due to breaching or overtopping will pose less risk than it does 
currently. Floodwaters will be allowed to flow through the gap in the levee, and back to the 
river, attenuating the amount of water that would otherwise pond upstream of Sequim 
Dungeness Way and flow down through Meadowbrook creek to Dungeness Bay (see Figure 
4-14). 
 
If the constructed levee were to fail due to overtopping or breaching, the downstream flood 
risks would be reduced compared with existing conditions, since a large return channel 
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would be constructed to drain ponded water back to the River near the Schoolhouse bridge. 
Because the levee is fairly high where it ties into the bridge, water that flows into the 
restoration site under current conditions ponds to a higher elevation than it could under 
restored conditions. The total expected sedimentation in 50 years for Alternative 1 in the 
project reach after levee removal ranges from 0.1 to 3.3 feet (average of 1.4 feet) vs. 0.3 to 
10.2 feet (average of 4.3 feet) for no-action future conditions. 
 
Due to the low elevation of the existing Towne Road grade within the site, the roadway and 
bridge are expected to be overtopped by low velocity river backwater annually or semi-
annually. Since County road is infrequently used, and alternate routes exist, intermittent 
closures due to flooding are not viewed as problematic by the sponsor provided the road is 
open during non flood conditions. The road surface will remain asphalt to facilitate 
sweeping after flood closures. 

 

6.6 Meadowbrook Setback Alternative – with Towne Road on Levee 

6.6.1 Habitat 

 
Removal of 2,600lineal feet of levee will restore geomorphic function and fluvial processes to 
20 acres of mainstem Dungeness River and 95 acres of historical floodplain habitat will be 
restored (excluding 0.4 acres of road that will remain within the site). Initially 2,930 lineal 
feet and 7.4 acres of active side channel habitat will be created, and 3,410 lineal feet and 1.8 
acres of groundwater & backwater channel habitat will be created. Due to the presence of 
Towne Road on the levee the footprint is about 2.5 times wider than Alternative 2. This 
reduces the potential restoration area within the site by nearly 9 acres. Nearly 12,680 lineal 
feet of wetted perimeter will be created within the site. As these channel experience 
flooding, erosion, sedimentation, and debris recruitment the size, position, and substrate 
conditions of the channels, including the mainstem river will change. Riparian plantings, 
constructed terraces, and placed large wood will restore food sources, create floodplain 
structure and roughness, provide cover, and pool habitat in an area that is fallow pasture land 
at present. 19 ELJs and 24 Anchored Large Wood Clusters will divert flow, dissipate energy 
in floods, maintain large pools, and store woody material and gravel, which will retain 
nutrients and benthic invertebrates needed for ecosystem recovery. Some fine sediment will 
collect within the vegetated margins of side channels, reducing sediment loads to the estuary. 
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Constructed channels may plug completely with sediment, and new channels may form 
within the site. A large low lying ponding area will form next to the setback levee during 
major floods..  This area will be drained with a constructed channel to prevent permanent 
loading of the levee toe.  
 
Because Towne Road is moved to the levee there is no need for a bridge over the back 
channel. A new box culvert will be installed to replace the existing CMP culvert that 
connects the wetland area at the southwest corner of the site to the river, and a new box 
culvert under the south levee access road (currently Towne Road) will provide access over 
the groundwater fed side channel that will need to convey river backwater flowing into the 
site and potentially upstream levee overflows during major floods. The provision of culverts 
prevents fish stranding, creates connectivity between restored areas that would otherwise be 
disconnected, and maintains existing levee access routes. 
 

6.6.2 Flood Risk 

Setback of the levee to the Meadowbrook Creek alignment on a wider levee prism will not 
appreciably alter flood elevations as compared with Alternative 2 because the area next to 
the widened levee has very low velocity so the additional encroachment does not impact 
flood elevations (i.e. does not increase energy losses), only flood storage. Flood elevations 
will be reduced as per Alternative 2, from 0-3 feet (average of 2.6 feet). Construction of a 
modern levee will reduce overtopping and breaching risk along the setback segment and 
have only a modest benefit for the most floodprone segment just upstream of the project 
boundary, next to the Beebe levee.  
 
Failure of the levee upstream of the project due to breaching or overtopping will pose less 
risk than it does currently. Floodwaters will be allowed to flow through the gap in the 
levee, and back to the river, attenuating the amount of water that would otherwise pond 
upstream of Sequim Dungeness Way and flow down through Meadowbrook creek to 
Dungeness Bay (see Figure 4-14). 
 
If the constructed levee were to fail due to overtopping or breaching, the downstream flood 
risks would be reduced compared with existing conditions, since a large return channel 
would be constructed to drain ponded water back to the River near the Schoolhouse bridge. 
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Because the levee is fairly high where it ties into the bridge, water that flows into the 
restoration site under current conditions ponds to a higher elevation than it could under 
restored conditions. The widened levee prism will create a very robust levee section that 
would have the better than typical resilience to overtopping or underseepage damage. The 
total expected sedimentation in 50 years for Alternatives 2 or 3 in the project reach after 
levee removal ranges from 0.1 to 2.6 feet (average of 1.1 feet) vs. 0.3 to 10.2 feet (average of 
4.3 feet) for no-action future conditions. 
 
 

 

6.7 Alternative Comparison 

6.7.1 Habitat 

Table 6-1  summarizes the as constructed habitat of the three alternatives under 
consideration. Alternative 2 provides the greatest increase in floodplain acres restored, flood 
storage, and length of side channels added, followed by Alternative 3, and Alternative 1. 
Alternative 2 and 3 has equivalent interior features as Alternative 1 with the exception of 
backwater channel connected to a 37 acre ponding area that will form during floods, greatly 
increasing the amount of refuge area for fish during floods, and potentially resulting in 
trapping of large volumes of fine sediment and nutrients bound for the estuary. The Towne 
road alternative is expected to be more energetic (higher depths and velocities during floods) 
due to the significantly lower flood storage provided and channelization created by the 
setback levee. The side channels, ELJs, clusters, and large wood placements should behave 
similarly for both alternatives, as they would have nearly equivalent hydraulics at the 
location where the river will enter these channels. Hydraulically the projects provide similar 
habitat outputs for fish with the exception of the large difference in off channel refuge and 
rearing habitat offered by the Meadowbrook setback.  
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Table 6-1 Restoration alternative habitat comparison 

 
 

6.7.2 Flood Risk 

Flood levels with restoration are nearly identical for Alternative 2 and 3, and less than 0.5 
feet higher for Alternative 1. In all cases flood elevations are reduced next to the levee as 
compared with existing conditions, however about 25% of the setback levee for Alt 2 and 3 
would experience increases in flood depths relative to existing conditions, while the 
remainder of the setback levee would experience the same or lower flood levels next to the 
set back levee.  It is assumed that a new levee built to modern standards and current 
hydraulic conditions would maintain if not reduce existing levels of flood risk. Since the 
setback portion has 2 to 4 feet of freeboard under existing conditions (see Figure 4-7) it is 
assumed for purposes of feasibility level design that the setback portions would need to 
maintain equivalent freeboard as existing conditions (note that in design, this approach will 
be modified in accordance with Corps risk based levee design standards so that the levee 
crest will maintain, at minimum, existing levels of reliability against overtopping or piping 
failure). Please see the geotechnical appendix for discussions of the levee section design. 
 
Since a gap is provided in the setback levee across the natural (and regulator) floodway, in 
the event of upstream levee overtopping or failure, much if not all of the floodwaters that 
would make their way down Meadowbrook creek toward the town site of Dungeness will be 
redirected back to the river, which reduces the extent of 1% AEP floodplain inundation 
landward of the levee as compared with existing conditions (Figure 4-14). This is an 
unintended effect of the project design which was developed to prevent the setback levee 
from inducing flooding landward of the levee in the event of upstream levee overflows or 
breach events. 
 

Alternative

Length levee 
removed 
(feet)

Total 
restoration 
area (acres)

Wetted perimeter 
channels (feet)

Area 
channels 
(acres)

1. Town Road setback 3270 67.5 9800 8.4
2. Meadowbrook Setback 3270 102 12680 9.2
3: Meadowbrook setback 
colocated with Towne Rd 3270 98 12680 9.2
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The character of the flooding next the setback levee will be different depending on the 
alternative selected. Flood water will have higher water surface elevations and velocities and 
be more representative of typical riverine conditions along the Towne Road setback 
alignment (Alternative 1). The levee crest elevations are about 0.5 ft higher with the Towne 
Road setback alternative. Under the Alternative 2 or 3 (Meadowbrook alignment), water will 
pond in a large depression next to the levee, and will have very low velocity. Sand and silt in 
floodwaters will deposit at a higher rate in this area and slowly reduce the volume of ponded 
water over time.  The Meadowbrook alternative has a longer total levee length.  Flood levels 
will be lower than under existing conditions for either alternative. 
 
The relative risk posed by existing conditions or setback levee failure was analyzed as part of 
this study (Section 8, Supplemental Appendix HH-4). Alternatives 1 and 2 were compared 
with existing conditions. Because of the similarity to Alternative 2 there was no need to 
revisit the analysis to model Alternative 3, however due to the much wider levee prism the 
relative risk of levee breach for Alternative 3 is qualitatively lower than all the scenarios 
analyzed. All setback alternatives have lower risks associated with levee failure as compared 
with existing conditions, Alternative 1 being the lowest.  Alternative 1 could experience a 
greater sedimentation depth over a 50-year project life as compared with Alternatives 2 or 3 
due to the smaller area available for deposition if historical rates hold into the future, 
however the difference is not large (1.1 ft vs. 1.4 ft). Any of the alternatives appear to offer 
significant reductions in sedimentation depth as compared with existing conditions. Because 
of the uncertainties in the underlying data and simplicity of the methods used the actual 
deposition volumes and depths could be significantly different than those estimated in this 
study, however the relative magnitudes between the alternatives may have less uncertainty.  
 
Sediment transport modeling needed to refine these estimates is complicated by lack of long 
term transport data at the project site and use of a 2-D model for flood elevation predictions. 
The HEC-RAS 2-D code currently lacks the ability to evaluate sediment transport in 2 
dimensions. AdH (which can evaluate sediment transport in 2D) was used previously to 
model flood elevations however it had significant stability issues and would likely entail very 
long run times if sedimentation was to be evaluated. The USBR has a model that can evaluate 
sediment transport in 2D however the District lacks expertise needed to run the model and 
would need to retain USBR to perform the analysis. Given the lack of good data and high 
uncertainty with transport modeling and technical difficulty it would likely be more cost 
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effective and beneficial to invest effort in monitoring and adaptive management following 
implementation.  
 

6.7.3 Challenges and Risks of Restoration that May Impact Design Phase 

If subsequent modeling indicates that maintenance of flow in the mainstem will be highly 
uncertain under as-constructed conditions, the team should engage with the full stakeholder 
team to discuss the need for a management measures to help ensure a normative rate of the 
channel response to levee setback and a desirable flow balance between the river and the 
restoration site. 
 
Soft floodplain soils could be encountered throughout the site. These could decrease the 
stability of the constructed channels and increase the need to add large wood to compensate 
for the lower erosion threshold of these channels if highly dynamic conditions cannot be 
tolerated by the stakeholder team. This could also result in a decision to eliminate some or all 
of the side channels, which would reduce the initial habitat created by the restoration 
project. 
 
Soils data are lacking along the proposed side channels. At this time it is assumed that the 
upper 1 ft of all side channels will be unsuitable material (organics) and all material below 
will be processed and blended with imported material to create specification grade levee fill. 
If soils testing during the design phase indicates that more material than assumed is suitable, 
then the import quantity could be reduced. If the quantity is lower than expected, either the 
amount of levee fill import will increase or additional on site borrow areas will be needed. 
 
Constructed side channels could capture the main river channel, resulting in some loss of 
available habitat during certain times of the year. The intent of the design is not preclude 
this but to delay the time for this to occur to allow erosion resistant trees to become 
established in the grassy floodplain. Updated hydraulic modeling is needed to verify 
acceptable habitat and hydrologic conditions are achievable. 
 
If dense glacial till is encountered at locations where ELJs will be installed, pile installation 
could be hindered, requiring modification of the design or increased construction effort. Test 
pits at representative locations can be used to address this risk. 
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If the return channel to the river becomes blocked with debris in a very large flood, water 
levels could increase along the setback levee, reducing levee freeboard. This risk can be 
managed by sizing the return channel to reduce likelihood of a jam forming at the 
confluence, use of logs that are not large enough to form stable jams on their own, proper 
anchoring techniques to prevent failure of engineered structures, and inspection and 
maintenance of the return channel. 
 
Cultural sites could be encountered during design that require realignment of the levee or 
constructed channels. Depending on the location within the site certain alignment changes 
could result in problematic hydraulic conditions which could require use of riprap erosion 
and scour protection.  
 

6.7.4 Opportunities 

A restoration project at this site appears to have good prospects for restoring vital physical 
processes and habitat needed for species recovery while reducing flood risks. Some 
modifications to the design that appear to increase the restoration outputs or reduce costs 
include: 

• Decommissioning Towne road through the project 
• Purchasing 4 properties south of the old schoolhouse and realigning levee across high 

ground 
• Purchasing lands or flood easements south of project boundary along the right bank 

floodplain to allow for removal of the remnant portion of levee along the southwest 
corner of the project. 
 

The above are contingent on sponsor political and financial constraints and private 
landowner interest and are viewed as having a low to medium probability for impacting the 
project during the design phase. 
 
Successful implementation of the ERP as designed is likely to increase momentum for future 
levee setback projects along the Lower Dungeness River. These setback projects create 
opportunities for mainstem restoration actions where they would otherwise be unviable due 
to flood risk concerns.   
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In 2014 USACE investigated the potential increase in the floodplain and impacts on river 
hydraulics associated with 6 additional restoration projects from Woodcock Road to the 
mouth (USACE 2014).  This study documents the significant hydraulic and geomorphic 
impacts resulting from existing floodplain encroachments (levees) and the potential benefits 
associated with reducing these encroachments as part of larger phased restoration effort. The 
long term impact of additional levee setback and mainstem restoration projects and has not 
been considered but qualitatively would appear to holds significant promise for the health of 
the Lower Dungeness River ecosystem. 
 

6.8 Future With-Project Conditions Summary 

Removal of 2,600 feet of the existing Federal levee upstream of Anderson Road bridge will 
restore fluvial processes to up to 20 acres of mainstem Dungeness River and up to 102 acres 
of historic forested floodplain habitat will be restored depending on the selected alternative. 
Initially 7 to 7.4 acres of active side channel habitat will be created, and 1.4 to 1.8 acres of 
back channel habitat will be created. As these channel experience flooding, erosion, 
sedimentation, debris recruitment, and vegetation colonization the size, elevation, and 
position of the channels, including the mainstem river will change. 
 
Riparian plantings (trees), constructed terraces, and placed ELJs and large wood clusters will 
restore food sources, create floodplain structure and roughness, provide cover, and pool 
habitat in an area that is presently open grassland that has been heavily planted with riparian 
trees by the Jamestown S’Klallam Tribe. To maximize conversion to riparian forest 
conditions, existing riparian plantings will be left undisturbed wherever possible, and where 
they must be removed, they will be salvaged and placed in appropriate upland areas. The 
portion of the site that is low elevation and prone to ponding during floods is currently a 
WSDOT wetland mitigation site that was designed expecting that the levee will be removed. 
This area will remain dominated by wetland vegetation and a high water table until 
sediment deposition during floods allows for colonization by the adjacent riparian forest 
stands. It is anticipated that in 10-20 years that the higher elevation portions of the site will 
be dominated by young cottonwood and alder, with patches of young conifer, while the 
lower elevation portions of the site will be dominated by water tolerant willows, shrubs and 
sedges. In 40 years when the cottonwoods are at full maturity and begin to die off, the 
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conditions for sustaining forested island conditions will be achieved, and the site will begin 
to transition to conifer dominated canopy where elevations allow.   
Because channels and large wood are provided throughout the restored area, the risk of short 
term habitat degradation due to frequent avulsion, deposition, braiding, or migration across 
the revegetated floodplain area is mitigated.  
 
Due to the high sediment load, and large gradient between the existing river thalweg and the 
low areas within the restored floodplain (including the constructed channels) there is 
elevated risk that the mainstem Dungeness River could continue to aggrade following 
restoration, as flood flows are diverted, resulting in mainstem abandonment and migration 
into one of the constructed channels. This will be mitigated by incorporating adequate 
volumes of  large wood into the ELJs at the head of constructed channels where they diverge 
from the mainstem, and by constructing elevated vegetated terraces to reduce out-of-river 
overflows during non flood conditions. If the main channel was abandoned during low flows 
it would still serve as a side channel during floods and could be enhanced as part of future 
restoration efforts.   
 
Given the large amount of wood being placed, there is some risk of the side channels 
plugging and the river infrequently flowing into the constructed channels, however the 
topographic gradient between Anderson Road bridge and the upstream extent of levee 
removal is steeper across the site that along the river and large quantities of groundwater are 
present on site which should provide adequate hydrology to provide wetted channels year 
round. 
 
Until floodplain deposition has evened out the across-floodplain and down-channel 
topographic gradients in the area of project effect the conditions in the restored area and 
main channel are expected to be more dynamic than typical. The introduction of constructed 
channels, terraces, and large amount of wood into the restoration site will reduce channel 
migration rates and the rate of disturbance to habitat relative to a pure process based 
restoration approach that initially lacks large amounts of wood in the floodplain.  
Regardless of which alternative or approach is selected, preliminary analysis of system-wide 
flood risks indicate that flood risks could be reduced significantly with a setback project, 
even though upstream (unmodified) levee segments will remain in place and could 
experience overtopping.  
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While it is straightforward to quantify the differences in initial habitat created, it is very 
difficult to determine if the long term state of the restoration project will be superior or 
inferior to a pure process based approach in terms of its ecological value and function.  For 
this reason phased construction, monitoring and adaptive management should be anticipated 
to maximize the prospects project.  

7  ADDITIONAL H&H DATA, ANALYSIS, AND DESIGN ANTICIPATED TO BE NEEDED 
FOR DESIGN & IMPLEMENTATION PHASE 

The following are an initial list of data and studies to support the design and implementation 
phases of the project, and will be revised once the PDT begins work on the revised PMP. It 
will be important to first verify all restoration goals, objectives, and design requirements 
with the project sponsor prior to initiating data collection, analysis or design to prevent 
wasted effort and delays. Once the path forward is clear, data collection and modeling work 
should be expedited to prevent delays to the schedule. It is assumed that concurrent with 
design development a design documentation report, construction management plan, and 
monitoring and adaptive management plan will be developed with other PDT members. It is 
also assumed that due to the technical complexity of the project and flood risks associated 
with levee removal that a best price/technically acceptable or best value contract will be used 
in the implementation phase. 
 

• Summarize and align all known project goals, objectives, design criteria, constraints, 
opportunities, and assumptions with other PDT members 

• Determine if groundwater modeling needed to address Meadowbrook creek 
hydrology concerns. 

• Determine if hydrologic impact mitigation structure needed for levee to maintain or 
increase Meadowbrook flows 

• Determine if sediment transport modeling needed to refine sedimentation estimates. 
• Determine if climate change hydrology needs to be factored into levee design. 
• Determine design requirements for drainage structures. 
• Determine risks posed by proposed restoration, including failure modes and effects 

analysis to define design criteria. 
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• Conduct baseline physical habitat surveys to inform monitoring plan, including 
inventory of large wood accumulations and vegetation communities within the 
restoration site. 

• Survey areas obscured by heavy vegetation where levee removal or channel 
construction anticipated 

• Work with geotech to determine test pit or boring locations along proposed side 
channels and ELJs. Obtain sub-surface profiles along side channels and to depth of 
proposed ELJ pilings at representative locations. 

• Update HEC-RAS 1-D/2D hydraulic model to include variable roughness and 
proposed channels with goal to verify need for and size of constructed side channels 
and to maximize extent of levee removal. Consider use of full 2-D model in project 
reach. 

• Evaluate potential geomorphic and hydrologic response of river to levee removal, 
channel construction, revegetation, ELJs and floodplain roughness elements based on 
model results and test pit data. If results are unfavorable to goals of sustainably 
restoring desired ecological conditions, work with PDT to revise design until 
modeling confirms conditions are improved.   

• Determine level of performance of existing levee under current and future conditions 
using HEC-FDA to establish minimum reliability targets. 

• Perform HEC-FDA runs informed by final geomorphic analysis, HEC-RAS sensitivity 
runs, and any revisions to hydrology to refine with project removal extent and levee 
crest elevations. 

• Complete final levee crest elevations, habitat designs, DDR, DDR appendix. 
• Work with PDT to develop monitoring and adaptive management plan informed by 

baseline data, risks, and restoration hypotheses. 
• Work with PM and construction branch to identify technical criteria for contractor 

selection 
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9 SUPPLEMENTAL APPENDICES 

 
 

Appendix HH-1: Supporting Hydrologic Data 
 
Appendix HH-2: Supporting Hydraulic Design Data and Calculations 
 
Appendix HH-3:  Technical Memorandum “Dungeness River Geomorphic Reconnaissance 
and Trip Report, 19-Aug – 4 Sept  2013 “  CENWS-EN-HH-HE  for file, 30-Oct 2014 
 
Appendix HH-4: “Lower Dungeness River Ecosystem Restoration Sediment Data and 
Analysis H&H appendix”  Draft report. CENWS-EN-HH-HE  for file, June 2014 
 
Appendix HH-5: “Lower Dungeness River Ecosystem Restoration Long Term Sediment 
Trend Analysis H&H appendix”  Draft report. CENWS-EN-HH-HE  for file, June 2014 
 
Appendix HH-6: “Lower Dungeness River Ecosystem Restoration River Cross Section Survey 
of RM 0-3, H&H appendix” Draft report. CENWS-EN-HH-HE  for file, October 2013 
 
Appendix HH-7: Technical Memorandum “Comparative Hydraulic Loading Analysis and 
Levee Failure Inundation Mapping for Dungeness River Ecosystem Restoration Setback 
Levee Alternatives and Existing Levee”  CENWS-EN-HH-HE  for Chief, CENWS-EN, 17-
April 2013 
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Appendix HH-1: Supporting Hydrologic Data 
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Figure HH-1-1 Seasonal Climate and Precipitation Data (from USBR 2002) 
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Figure HH-1-2 Map showing possible changes in Dungeness R watershed runoff regime from 
historical (existing condition) to future conditions with climate change, adapted from UW 
CIG 2009. Note that both A1B and B1 scenarios indicate change from transitional snow and 
rain dominant conditions to rain dominant by 2080s. 

Elwha/Dungeness 
Basins 
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Figure HH-1-3 Map showing possible changes in Dungeness R watershed stream  
temperature (points) from historical (existing condition)  to future conditions with climate 
change, adapted from UW CIG 2009. Note that both A1B and B1 scenarios indicate change 
from healthy to stressful air temperatures in the basin however streamflow temperatures 
continue to remain favorable in lower Dungeness River by 2080s. 

Dungeness Basin 
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Figure HH-1-4 Profiles of topography and precipitation change in Washington State. 
Location of Dungeness R basin shown in red. Adapted from UW CIG 2009. Note that largest 
changes expected in summer and fall.  (Project is located at 123.12675W and 48.143864N) 

 



H&H TECHNICAL APPENDIX: HYDROLOGY, GEOMORPHOLOGY, HYDRAULICS, & HYDRAULIC DESIGN  

Dungeness River Restoration Project Page 211 
 

 
 

Figure HH-1-5 Predictions of change in the Dungeness River 20-year flood statistics due to 
potential climate change. Note 30 to 70% increase by 2080s. Adapted from UW CIG 2009. 

 
  

Dungeness Basin 
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Figure HH-1-6 Average Daily Flows near Sequim for 2002-2012 (basin area 157 mi2) 
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Figure HH-1-7 Flow duration curves for monthly flows near Sequim for period of record 
(1920s-2011) 
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Figure HH-1-8 Typical Winter and Spring flood Hydrographs (USBR 2002) 
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Figure HH-1-9 Historical peak flows used in USBR 1999 study, as reported in USBR 2002– 
note historic flows at gage near Dungeness, and missing flood of record (2002). These flows 
have not been incorporated in current USACE peak flood frequency estimates provided in 

this report. 
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Figure HH-1-10 “Top 20” flood events (of record) on Dungeness River (gage near Sequim), 
by peak, daily average discharge, and volume (DRCFHMP, 2009) 
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USACE Flood Frequency Analysis For Systematic Record at Gage near Dungeness (1204900) 
scaled from Gage near Sequim (1204800) for systematic record (1923-1930, 1937-2012) 

------------------------------- 
Bulletin 17B Frequency Analysis 
    26 Jul 2014   01:01 PM 
------------------------------- 
 
 
--- Input Data --- 
 
Analysis Name: Dungeness R ERP 
Description: Scaled FFQ from gage near sequim combined with recorded data at gage near 
Anderson Rd Bridge 
 
Data Set Name: DUN RIVER-DUNGENESS, WA-Scaled-FLOW-PEAK 
DSS File Name: O:\BASINS\Olympics\Dungeness\Section 
544\Hydrology\SSP\DungenessR_17b\DungenessR_17b.dss 
DSS Pathname: ///FLOW-PEAK/01jan1900/IR-CENTURY// 
 
Report File Name: O:\BASINS\Olympics\Dungeness\Section 
544\Hydrology\SSP\DungenessR_17b\Bulletin17bResults\Dungeness_R_ERP\Dungeness_R_
ERP.rpt 
XML File Name: O:\BASINS\Olympics\Dungeness\Section 
544\Hydrology\SSP\DungenessR_17b\Bulletin17bResults\Dungeness_R_ERP\Dungeness_R_
ERP.xml 
 
Start Date: 
End Date: 
 
Skew Option: Use Station Skew 
Regional Skew: -Infinity 
Regional Skew MSE: -Infinity 
 
Plotting Position Type: Median 
 
Upper Confidence Level: 0.05 
Lower Confidence Level: 0.95 
 
Display ordinate values using 1 digits in fraction part of value 
 
--- End of Input Data --- 
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---------------------- 
<< Low Outlier Test >> 
---------------------- 
 Based on 83 events, 10 percent outlier test deviate K(N) = 2.953 
                         Computed low outlier test value = 592.86 
 
           0 low outlier(s) identified below test value of 592.86 
 
 
 
----------------------- 
<< High Outlier Test >> 
----------------------- 
 Based on 83 events, 10 percent outlier test deviate K(N) = 2.953 
                     Computed high outlier test value = 16,170.77 
 
       0 high outlier(s) identified above test value of 16,170.77 
 
 
 
 
--- Final Results --- 
Table HH-1-1 
<< Plotting Positions >> 
DUN RIVER-DUNGENESS, WA-Scaled-FLOW-PEAK 
-------------------------------------------------------------------- 
|     Events Analyzed       |            Ordered Events            | 
|                     FLOW  |          Water        FLOW   Median  | 
| Day Mon Year         CFS  |  Rank     Year         CFS  Plot Pos | 
|---------------------------|--------------------------------------| 
|  11 Feb 1924     6,673.5  |    1      2002     8,122.9    0.84   | 
|  19 Nov 1924     3,284.1  |    2      1991     7,494.5    2.04   | 
|  23 Dec 1925       778.9  |    3      1950     7,178.7    3.24   | 
|  01 Dec 1926     3,010.4  |    4      1956     7,105.0    4.44   | 
|  12 Jan 1928     1,473.6  |    5      1986     6,905.1    5.64   | 
|  15 Jun 1929     1,052.6  |    6      1924     6,673.5    6.83   | 
|  20 Feb 1930       968.4  |    7      2004     6,319.0    8.03   | 
|  28 Dec 1937     5,663.0  |    8      1997     6,305.1    9.23   | 
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|  01 Jan 1939     4,052.5  |    9      2011     6,212.3   10.43   | 
|  15 Dec 1939     4,220.9  |   10      1961     6,210.3   11.63   | 
|  17 Jan 1941     2,526.2  |   11      1984     5,799.8   12.83   | 
|  02 Dec 1941     4,336.7  |   12      1938     5,663.0   14.03   | 
|  26 May 1943     1,063.1  |   13      1980     5,631.4   15.23   | 
|  03 Dec 1943     1,600.0  |   14      1976     5,420.9   16.43   | 
|  07 Feb 1945     3,557.8  |   15      1992     5,357.7   17.63   | 
|  14 Jun 1946     1,263.1  |   16      1995     5,105.1   18.82   | 
|  12 Feb 1947     2,663.1  |   17      1960     5,052.5   20.02   | 
|  19 Oct 1947     2,936.8  |   18      1999     4,884.1   21.22   | 
|  01 Dec 1948     2,968.3  |   19      1951     4,842.0   22.42   | 
|  27 Nov 1949     7,178.7  |   20      1996     4,736.7   23.62   | 
|  09 Feb 1951     4,842.0  |   21      1974     4,547.2   24.82   | 
|  30 Apr 1952     1,957.8  |   22      1942     4,336.7   26.02   | 
|  12 Jan 1953     2,610.4  |   23      1981     4,252.5   27.22   | 
|  05 Jan 1954     4,199.9  |   24      1940     4,220.9   28.42   | 
|  18 Nov 1954     3,757.8  |   25      1954     4,199.9   29.62   | 
|  03 Nov 1955     7,105.0  |   26      2010     4,162.9   30.82   | 
|  09 Dec 1956     4,084.1  |   27      1968     4,126.2   32.01   | 
|  24 Feb 1958     2,452.6  |   28      1957     4,084.1   33.21   | 
|  29 Apr 1959     3,052.5  |   29      1939     4,052.5   34.41   | 
|  29 Jan 1960     5,052.5  |   30      2008     3,938.7   35.61   | 
|  15 Jan 1961     6,210.3  |   31      1983     3,905.1   36.81   | 
|  03 Jan 1962     1,452.6  |   32      2005     3,864.0   38.01   | 
|  04 Feb 1963     3,863.0  |   33      1963     3,863.0   39.21   | 
|  22 Oct 1963     2,768.3  |   34      1990     3,842.0   40.41   | 
|  30 Nov 1964     1,947.3  |   35      1973     3,820.9   41.61   | 
|  06 May 1966     1,442.1  |   36      1955     3,757.8   42.81   | 
|  13 Dec 1966     3,115.7  |   37      1972     3,684.1   44.00   | 
|  14 Jan 1968     4,126.2  |   38      2000     3,673.6   45.20   | 
|  24 May 1969     1,747.3  |   39      1945     3,557.8   46.40   | 
|  13 Dec 1969     1,947.3  |   40      2003     3,554.4   47.60   | 
|  23 Jun 1971     1,557.8  |   41      1988     3,473.6   48.80   | 
|  05 Mar 1972     3,684.1  |   42      1994     3,410.4   50.00   | 
|  26 Dec 1972     3,820.9  |   43      1982     3,410.4   51.20   | 
|  16 Jan 1974     4,547.2  |   44      1987     3,389.4   52.40   | 
|  21 Dec 1974     2,284.1  |   45      2006     3,298.3   53.60   | 
|  03 Dec 1975     5,420.9  |   46      1925     3,284.1   54.80   | 
|  07 Jun 1977     1,024.2  |   47      1998     3,126.2   56.00   | 
|  01 Nov 1977     2,568.3  |   48      1967     3,115.7   57.19   | 
|  04 Nov 1978     1,536.8  |   49      1959     3,052.5   58.39   | 
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|  17 Dec 1979     5,631.4  |   50      1927     3,010.4   59.59   | 
|  26 Dec 1980     4,252.5  |   51      1949     2,968.3   60.79   | 
|  05 Dec 1981     3,410.4  |   52      1948     2,936.8   61.99   | 
|  03 Dec 1982     3,905.1  |   53      2007     2,850.0   63.19   | 
|  15 Nov 1983     5,799.8  |   54      1964     2,768.3   64.39   | 
|  03 Nov 1984     1,694.7  |   55      1947     2,663.1   65.59   | 
|  18 Jan 1986     6,905.1  |   56      2009     2,620.0   66.79   | 
|  23 Nov 1986     3,389.4  |   57      1953     2,610.4   67.99   | 
|  09 Dec 1987     3,473.6  |   58      1978     2,568.3   69.18   | 
|  05 Nov 1988     1,368.4  |   59      2012     2,550.0   70.38   | 
|  04 Dec 1989     3,842.0  |   60      1941     2,526.2   71.58   | 
|  24 Nov 1990     7,494.5  |   61      1958     2,452.6   72.78   | 
|  31 Jan 1992     5,357.7  |   62      1975     2,284.1   73.98   | 
|  25 Jan 1993     1,694.7  |   63      2013     1,960.0   75.18   | 
|  10 Dec 1993     3,410.4  |   64      1952     1,957.8   76.38   | 
|  20 Dec 1994     5,105.1  |   65      1970     1,947.3   77.58   | 
|  13 Dec 1995     4,736.7  |   66      1965     1,947.3   78.78   | 
|  19 Mar 1997     6,305.1  |   67      1969     1,747.3   79.98   | 
|  30 Oct 1997     3,126.2  |   68      1993     1,694.7   81.18   | 
|  13 Dec 1998     4,884.1  |   69      1985     1,694.7   82.37   | 
|  12 Nov 1999     3,673.6  |   70      1944     1,600.0   83.57   | 
|  24 May 2001       883.0  |   71      1971     1,557.8   84.77   | 
|  08 Jan 2002     8,122.9  |   72      1979     1,536.8   85.97   | 
|  14 Mar 2003     3,554.4  |   73      1928     1,473.6   87.17   | 
|  21 Oct 2003     6,319.0  |   74      1962     1,452.6   88.37   | 
|  11 Dec 2004     3,864.0  |   75      1966     1,442.1   89.57   | 
|  25 Dec 2005     3,298.3  |   76      1989     1,368.4   90.77   | 
|  15 Dec 2006     2,850.0  |   77      1946     1,263.1   91.97   | 
|  04 Dec 2007     3,938.7  |   78      1943     1,063.1   93.17   | 
|  08 Jan 2009     2,620.0  |   79      1929     1,052.6   94.36   | 
|  12 Jan 2010     4,162.9  |   80      1977     1,024.2   95.56   | 
|  12 Dec 2010     6,212.3  |   81      1930       968.4   96.76   | 
|  23 Nov 2011     2,550.0  |   82      2001       883.0   97.96   | 
|  30 Nov 2012     1,960.0  |   83      1926       778.9   99.16   | 
|---------------------------|--------------------------------------| 
<< Skew Weighting >> 
----------------------------------------------------------------- 
Based on 83 events, mean-square error of station skew =     0.095 
Mean-square error of regional skew =                           -? 
----------------------------------------------------------------- 
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Table HH-1-2 
DUN RIVER-DUNGENESS, WA-Scaled-FLOW-PEAK 
------------------------------------------------------------------- 
|  Computed    Expected   |   Percent   |    Confidence Limits    | 
|    Curve    Probability |   Chance    |        0.05        0.95 | 
|        FLOW, CFS        | Exceedance  |        FLOW, CFS        | 
|-------------------------|-------------|-------------------------| 
|    10,827.1    11,147.0 |      0.2    |    13,405.9     9,119.4 | 
|     9,868.1    10,104.4 |      0.5    |    12,076.2     8,383.5 | 
|     9,091.6     9,274.4 |      1.0    |    11,013.5     7,781.2 | 
|     8,264.6     8,397.9 |      2.0    |     9,897.1     7,132.6 | 
|     7,079.3     7,159.6 |      5.0    |     8,327.3     6,187.7 | 
|     6,094.2     6,140.1 |     10.0    |     7,054.2     5,385.8 | 
|     5,001.9     5,023.2 |     20.0    |     5,683.0     4,473.8 | 
|     3,255.8     3,255.8 |     50.0    |     3,608.9     2,942.2 | 
|     1,973.4     1,961.0 |     80.0    |     2,203.1     1,741.1 | 
|     1,474.5     1,455.7 |     90.0    |     1,676.2     1,265.3 | 
|     1,140.9     1,117.1 |     95.0    |     1,323.8       950.8 | 
|       677.7       644.9 |     99.0    |       825.7       528.5 | 
|-------------------------|-------------|-------------------------| 
 
Table HH-1-3 
<< Systematic Statistics >> 
DUN RIVER-DUNGENESS, WA-Scaled-FLOW-PEAK 
---------------------------------------------------------------- 
|        Log Transform:        |                               | 
|          FLOW, CFS           |       Number of Events        | 
|------------------------------|-------------------------------| 
|  Mean                 3.491  |  Historic Events           0  | 
|  Standard Dev         0.243  |  High Outliers          0     | 
|  Station Skew        -0.541  |  Low Outliers           0     | 
|  Regional Skew          ---  |  Zero Events            0     | 
|  Weighted Skew          ---  |  Missing Events         0     | 
|  Adopted Skew        -0.541  |  Systematic Events        83  | 
|------------------------------|-------------------------------| 
 
--- End of Analytical Frequency Curve --- 

 
 



H&H TECHNICAL APPENDIX: HYDROLOGY, GEOMORPHOLOGY, HYDRAULICS, & HYDRAULIC DESIGN  

Dungeness River Restoration Project Page 222 
 

  
 

HH-1-11 Flood Frequency Curve for Systematic Record at Anderson Road Bridge gage, 
(1923-1930, 1937-2012) 
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HH-1-12 Matriotti Creek Watershed 
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HH-1-13 Flood Frequency Information for Matriotti Creek  
 

Streamstats Ungaged Site Report

Date: Fri Oct 14 2011 09:23:26 Mountain Daylight Time
Site Location: Matriotti Creek, Washington
NAD27 Latitude: 48.1360 (48 08 10)
NAD27 Longitude: -123.1406 (-123 08 26)
NAD83 Latitude: 48.1359 (48 08 09)
NAD83 Longitude: -123.1419 (-123 08 31)
Drainage Area: 13.03 mi2

 Min  Max
 Drainage Area (square miles)  13  0.08  3020
 Mean Annual Precipitation (inches)  20.2 

(below min 
value 23)

 23  170

Warning: Some parameters are outside the 
suggested range. Estimates will be extrapolations 
with unknown errors. 

AEP Minimum Maximum

0.5  PK2 80  1
0.1  PK10 134  1

0.04  PK25 162  2
0.02  PK50 186  2
0.01  PK100 207  3

0.002  PK500 262

Coincident 100 year flow assumed for analysis = 100 cfs
AEP

0.27 100.2831 <-- note this is a very rough estimate - RRE used outside normal range, this could be high

Peak-Flow Streamflow Statistics 

Statistic
Flow 

(ft3/s) Standard Error (percent)

Equivalent years 
of record

  
Interval

Peak-Flow Basin Characteristics
100% Region 2 (13 mi2) 

 Parameter
 Value  Regression Equation Valid Range

y = -32.8ln(x) + 57.337
R² = 0.9998

10

100

1000

00.10.20.30.40.50.60.70.80.91

Matriotti Creek Annual Flood Freq. per USGS RRE

AEP

Log. (AEP)
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Basin Characteristics Report 

Date: Tue Oct 28 2014 15:40:03 Mountain Daylight Time 
NAD27 Latitude: 48.1511 (48 09 04) 
NAD27 Longitude: -123.1204 (-123 07 14) 
NAD83 Latitude: 48.1510 (48 09 03) 
NAD83 Longitude: -123.1217 (-123 07 18) 

Parameter Value 
Area that drains to a point on a stream, in square miles 0.82 
Mean Basin Elevation in feet 31.2 
Minimum Basin Elevation in feet 3.05 
Maximum Basin Elevation in feet 143 
Relief (maximum - minimum elevation), in feet 140 
Mean basin slope in percent 2.58 
Percent of area with slope greater than 30 percent 0.34 
Percent of area with slope greater than 30 percent and facing North 0.26 
Area-weighted forest canopy, in percent, computed from NLCD 2001 canopy dataset 6.91 
Mean annual precipitation, in inches  

 
HH-1-14 Meadowbrook Creek Watershed Information 
 
 

Note that Towne 
Rd is drainage 
divide and that 
runoff to west of 
road is not 
flowing to 
Meadowbrook 
Creek 
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RESTORATION SITE LOCAL HYDROLOGIC ANALYSIS USING WWHM3 
 

 

Western Washington Hydrology Model   
                    PROJECT REPORT  
___________________________________________________________________ 
 
Project Name:  dung  
Site Address:    
City        :  Dungeness  
Report Date :  10/21/2011  
Gage        :  Port Angelis  
Data Start  :  1939/10/1  
Data End    :  2097/08/31  
Precip Scale:  1.00  
WWHM3 Pro Version:     
 
 
PREDEVELOPED LAND USE   
 
Name      :  Basin  1  
Bypass:  No  
 
GroundWater:  No  
 
Pervious Land Use           Acres    
 A B, Pasture, Flat           111  
  
Impervious Land Use         Acres   
 ROADS FLAT                   2 

 
 

Table HH-1-4 – flood frequency statistics for ungaged catchment runoff  to Meadwbrook 
creek originating within the project site 
 
 

WWHM 3 
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Estimated restoration site (existing conditions) peak runoff 
Flow Frequency Flow(CFS)        

2 Year   =    0.7625       
5 Year   =    0.9932       
10 Year  =    1.1503       
25 Year  =    1.3545       
50 Year  =    1.5109       
100 Year =    1.6712 
 

 
Figure HH-1-14 Estimated Annual instantaneous peak rainfall runoff from site into 
Meadowbrook Creek 
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Figure HH-1-15 Estimated daily runoff from site into Meadowbrook Creek (does not factor 
in groundwater exchange) 
Table HH-1-5 – statistics of annual rainfall runoff volume within the project site 

 

 
 
 

 

Precip runoff volume ,acre feet

Mean 144.2
Standard Error 3.3
Median 138.0
Standard Deviation 41.2
Sample Variance 1697.1
Kurtosis -0.2
Skewness 0.5
Range 201.0
Minimum 58.2
Maximum 259.2
Sum 22491.0
Count 156.0
Confidence Level(95.0%) 6.5
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Figure HH-1-16 USGS Seepage study reaches and geologic units (USGS 2002) 
 
 

Project 
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Figure HH-1-17 Gaining and losing reaches as determined in USGS seepage study. Note that 
project reach reported as “gaining” but note proximity to end of reach 5, which is a losing 
reach. This may be partly related to losses into aggraded streambed in levee reaches. 
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(source: USGS 2002) 
 

HH-1-18  Showing how groundwater elevations upstream of the Anderson Road bridge 
(Schoolhouse bridge) varied in wells adjacent to the river where restoration is proposed. 
Note that the water elevations in the wells are generally higher than the river in fall and 
winter. Upstream of this location between the Beebe Levee and Federal levee where 
aggradation rates are highest, the USGS documented a consistent trend of losses of surface 
water to the lower aquifer. 
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Appendix HH-2: Design Information and Typical sections for side channels 
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Typical Section A – return channel to river at north end of project
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Typical section B –  main side channel for all Alternatives 
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. 
 
Typical section C –  groudnwater fed overflow channel for Alt. 1. 
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Typical section D –  ponding relief channel under Towne Road for Alt. 1. 
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Appendix HH-3: Technical Memorandum “Dungeness River Geomorphic 
Reconnaissance and Trip Report, 19-Aug – 4 Sept  2013 “  CENWS-EN-HH-HE  
for file, 30-Oct 2014 

 
 
  



Technical Memorandum 

Dungeness River Geomorphic Reconnaissance and Trip Report, 19-Aug – 4 Sept 
2013 

Z Corum, E Anderson, D Doll, B Brynestad (CENWS-EN-HH-HE) 

 

Overview 
Seattle District USACE (Corps) and Clallam County are partnered on an ecosystem 
restoration project (ERP) on the Dungeness River. The project consists of setting back a 2,500 
to 4,400 ft portion of the Federal Levee upstream of Anderson Road. The Federal levee is 
located on the right bank of the river between RM 0.2 to RM 2.6. Hydraulic Engineers from 
the Seattle District conducted a river survey reconnaissance and a geomorphic 
reconnaissance between 19-Aug and 21-Aug 2013. The reconnaissance efforts will support 
upcoming hydraulic modeling that will be used to finalize design of the ERP. This 
memorandum documents the preliminary findings of the geomorphic reconnaissance led by 
Zac Corum, with assistance from Eric Anderson, David Doll, and Bart Brynestad. During 
design, the findings of the reconnaissance will be incorporated into the geomorphic appendix 
of the Design Documentation Report (DDR). Included are discussions of some of the 
historical  trends and conditions that could be influencing current conditions. Issues relevant 
to the upcoming detailed design phase of the ERP are presented as well. 

This memorandum documents field observations. Discussions of sediment grain size and 
deposition rates are supplemented with analysis contained in the Sediment Trends Appendix 
(USACE 2014) and Grain Size Data Appendix (USACE 2014).

Setting 
Originating in the Olympic Mountains of Washington State, the Dungeness River and its 
main tributary, the Gray Wolf, drain a 200-square-mile watershed of steep mountains, deep 
forested canyons, and a broad open valley (Figure 1). With a mean basin elevation of 3,500 
feet and headwaters at 7,788 feet at Mt Deception in Olympic National Park, the steep, 30-
mile course of the Dungeness flows almost due north before emptying into Dungeness Bay 
along the Strait of Juan de Fuca. Dungeness Bay is formed by Dungeness Spit, the longest 
natural sand spit in the United States, and is the site of the Dungeness National Wildlife 
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Refuge. The lower ten miles of the Dungeness River flow through a broad alluvial valley, 
which is characterized by a mixed use of small forested parcels, agriculture, and increasingly, 
a mix of rural/urban residential development in proximity to the City of Sequim. 
Characteristics of the Dungeness Watershed including climate, geology, hydrology, soils, 
biotic communities, land use, and demographics are described more fully in the Decision 
Document (USACE 2013) and by others (USBR 2002, Entrix, 2005).   
 
The geomorphic reconnaissance work presented herein includes the main channel and major 
side channels of the Dungeness River from Highway 101 (RM  6.4) to the mouth of the 
River. The survey reconnaissance work includes the main river channel from the upstream 
end of the Federal Levee (RM 2.6) to the mouth of the river. 

Data collection 
The following data were collected during the field reconnaissance:  

• RM 6.4 to RM 0 (Highway 101 to river mouth): 
o bed sediment characteristics (GPS photo points (panorama), bulk 

samples, photo-sieve samples),  
o locations of major changes in geomorphology or features affecting 

geomorphology (GPS photo points (panorama)) 
 

• RM 2.6 to RM 0.7 (Federal levee to Anderson Road): 
o locations and dimensions of major side channels (GPS photo points, 

width and depth measurements) 
o Documentation of unstable areas of left bank private levee (GPS photo 

points) 
o Locations and dimensions of major logjams (GPS photo points, 

footprint measurements) 
 

 

Bed Sediment Data Collection Methodology 

We obtained bulk bed sediment samples of the streambed pavement and sub pavement layers 
at all but one locations previously sampled by the USBR in their 1999 study (Sed 8). In total 7 
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pavement and 7 sub-pavement samples were obtained between RM 5 and RM 0. Each sample 
consisted of 1 to 3 5-gallon buckets of bed material. In all but one location (river mouth) the 
bar previously sampled was not present at the GPS coordinate provided in the USBR report 
and we had to adjust the location of the sample to the nearest bar. We sampled the upper 
third of point bars where the bars appeared armored. We randomly placed a 2’ x 2’ quadrat 
on the bed, removed leaf litter or other organic matter, shaded the quadrat to create even 
lighting, and took a photo normal to the quadrat for photo-sieve analysis. We then removed 
the pavement (or armor) layer particles off the bed and placed them in a 5-gallon bucket for 
later lab sieving. We then photographed the exposed sub-pavement layer, then removed the 
sub-pavement down to the next armor layer below, placing the material in buckets for later 
lab sieve analysis.  

We obtained photo sieve samples at prominent, representative point bars between the 101 
Bridge and Anderson Road Bridge. Each photo-sieve sample will be processed using the 
USGS Cobble Cam Matlab scripts and this data will be compared with bulk pavement sample 
lab sieve results. We also GPS’d photo points at major changes in morphology with a Trimble 
GeoXT and GeoXH GPS units. We surveyed logjams that represent morphologic controls in 
the levied reach and areas along the left bank levee that appeared to be marginally revetted 
with stumps cabled to riprap. 

Bank, Side Channel, and Large Logjam Inventory (RM 2.6-RM 0.7) 
Along the Federal Levee we inspected all major side channels where they joined the main 
channel on the right side of the river (near the Federal Levee). Due to time limitations we 
were unable to survey side channels on the left bank or  include the portion of river between 
Anderson Road bridge and just upstream of the mouth. For completeness these areas will be 
investigated at a later date. This data will inform updates to 2D modeling to be conducted by 
NWS in fall of 2013. Locations of surveyed side channels are shown in Figure 1. 

We also inspected large logjams that had the ability to affect hydraulics or geomorphology at 
a reach scale. The purpose of inventorying these jams is to be able to modify portions of the 
1-d and 2-d hydraulic models to better capture local energy losses and flow distributions in 
the models. Locations of surveyed logjams are shown in Figure 1. 

Geomorphic Observations and Discussion (RM 6.4 to RM 0) 
We walked the river from Railroad Bridge Park up to Highway 101, then from the RR bridge 
park down to the Anderson Road Bridge and recorded observations of major changes in 
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channel morphology and grain size. The following represent our observations and some 
discussion about the potential causes of the observations. 

Based on the observations made during low flow in the summer of 2013 along the Dungeness 
River between the Highway 101 Bridge (RM 6.4) and the mouth of the Dungeness River 
(RM 0), we observed that the river is very energetic and dynamic despite its relatively 
modest base flow and peak flow rates.  The dynamic character is clearly expressed in aerial 
photos and in the field recon where the river exhibited characteristics of anabranching 
(forested island), braided, and single threaded meandering river systems within the same 
reaches.  Where braiding was observed it was localized, with a few channels at most at low 
flow divided by low elevation gravel bars. Forested islands frequently divided two or more 
large channels. This was the most common large geomorphic feature in the floodplain 
encountered in our recon.  

Where the river was confined it tended to follow a single meandering thread, with 
alternating point bars present along most of the sections that we walked upstream of 
Woodcock bridge (RM 3.3). 

Where the river is wide or unconfined, gravel bars, logjams, and channel migration are 
common features. These areas can both store and deliver large amounts of sediment to the 
river.  In these reaches, the river is very active. We encountered at least 4 recent avulsions 
where the river had abandoned its channel and down cut into a smaller, straighter deeper 
channel. Two of these avulsions occurred in reaches where engineered logjams were placed 
in the river sometime around 2009.  

Generally the reaches above Woodcock Bridge (RM 3.3) are more unstable and dynamic than 
the reaches downstream of Woodcock Bridge. The main physical differences between the 
reaches above and below the bridge relate to the channel slope, active width, grain size,  and 
vegetative cover.  

A series of small head-cuts or nick points was observed between 101 (RM 6.4) and the Old 
Olympic Highway Bridge (RM 4), indicating that the river may be in the process of 
reestablishing a more stable gradient (at a lower elevation). These were also locations in 
these reaches where we observed a series of large recent channel avulsions.  

Based on the large clasts material exposed along the tall eroding banks in the avulsion 
reaches, we expected to find areas of extensive deposition downstream of reaches where 
avulsions occurred.  Indeed we found some short reaches that appeared overwhelmed by 
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excess sediment however we did not encounter indications of widespread deposition until 
reaching Woodcock Bridge and along Ward Road, downstream to the mouth.  

The largest bed material we encountered was located just downstream of a headcut near  
Railroad Bridge Park. Small boulders were common above Woodcock Bridge but also were 
found along confined portions of the channel, where the gradient was locally stepped down 
by channel spanning obstructions (logjams), and where bank stabilization materials had been 
eroded from the levees.  Cobbles dominated the study area, and are present beyond the river 
mouth into the intertidal zone, owing to the steep valley gradient. 

The main driver of avulsions and main channel abandonment in the reaches above 
Woodcock bridge appeared to be nearby channel blockages (logjams) that reached a terminal 
size during high flows or floods when high sediment loads are present.  The avulsion 
channels we saw were generally much narrower, straighter, steeper, and lower elevation 
than the abandoned main channel, with tall, actively eroding banks. Avulsions were more 
prevalent in reaches that had broader active widths and steeper valley gradients. These 
primarily occur upstream of Woodcock Road but there was at least one large recent channel 
change encountered downstream along Ward Road near the upstream end of the Federal 
levee. 

During the reconnaissance of the reach between Anderson Road and the river mouth we 
could see a continuation of alternating point bars extending past the river mouth down into 
the intertidal zone. Banks are high and bed sediments coarse just downstream of the bridge 
until the river widens out where it is deflecting off of natural high ground next to the federal 
levee, and then migrating to the west through an old levee on the west bank. At this location 
sinuosity increases abruptly and the river has formed a meander jam and a very large bar, 
dominated with sand and large gravel. 

Following the reconnaissance the study area was divided into 7 reaches based on degree of 
confinement and geographic breaks such as bridges. Observations are generalized by reach in 
Table 1 below. Table 2 compares the reach average hydraulics and helps explain the 
differences in fluvial forms observed by reach. It is telling that reach 2 and 3 are exhibiting 
high rates of aggradation despite their relatively high depths and velocities experienced in 
floods. Note that the reach average slope decreases by nearly 2/3 by from Reach 7 to Reach 3 
(1.2% to 0.4%), and the width to depth ration by the same amount (100 to 30). The river will 
naturally deposit material due to the slope break however the high degree of confinement is 
likely pushing gravel and cobble further than it otherwise would be transported. 
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The Lower Dungeness River is generally steep and straight, with low sinuosity. The river was 
most stable laterally in reaches 1, 2, and 3 where levees confine the river, but least stable 
vertically, with several indicators of aggradation (buried trees along the banks, transverse 
bars, buried in channel wood, plane bed conditions). Upstream where the river is steeper, 
wider, and unconfined the river was quite active, with eroding banks, logjams, large bars, 
braiding commonplace. In reaches 4, 5,6, 7 recent avulsions were observed where wood had 
forced meandering leading to chute capture and channel cutoff. Habitat quality was very 
high in reach 2, with several side channels and logjams observed. Habitat quality (based on 
frequency of large logjams, side channels, and pools) was relatively poorer in reaches 1 and 3, 
however the abundant salmon present in the river indicate the river supports large salmon 
runs. 

Table 1 - Reach average hydraulic and geomorphic data during bankfull flows (based on 
available HEC-RAS modeling, 2008 Lidar, 2012 Lidar, and 2013 channel surveys) 

 

Reach length (ft)
Avg bankfull 
width (ft)

Avg Bankfull 
Depth (ft) W/D ratio

Avg Bankfull 
velocity (ft/s)

Avg bankfull 
Shear Stress (psf)

Avg Bed 
Slope

1 4666 292 6.4 46 5.7 0.7 0.33%
2 3928 222 8.0 28 5.2 1.1 0.42%
3 5619 220 7.3 30 5.2 1.1 0.41%
4 4016 274 6.2 44 4.9 1.0 0.53%
5 3415 360 5.5 65 4.8 1.1 0.83%
6 9243 544 5.2 105 4.4 1.7 1.06%
7 4115 463 4.6 100 4.3 1.7 1.17%
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Table 2 - Reach average geomorphic conditions observed in 2013 reconnaissance 

 

Discussion of evidence of depositional patterns 
We feel that there is ample anecdotal evidence of a general trend of aggradation of cobble 
and gravel sized materials from Woodcock bridge (RM 3.3) to the mouth. These include a  
reduction in maximum and average bed sediment grain size, observations of bed paving of 

Reach
% confined 
left

% 
confined 
right

Controlling 
features

Channel planform 
description

Logjams/ 
wood/vegetation Sediment General Condition

Do
w

ns
tr

ea
m

 o
f p

ro
je

ct 1 50% 75% Rivers End Levee 
(LB), Federal 
Levee (RB)

Straight, single thread 
with short anabranch 
reach transitioning to 
tidal distributary 
cahnnel network. 
Locally braided near 
logjams.

Infrequent LWD except 
for RM 0.3. veg is willow 
and blackberry fill length 
of fed levee. Left bank 
willows and grass.

large gravel, small 
cobble to river 
mouth. Coarser at 
riffle near 
Anderson Rd. 
Finer at large bar 
near RM 0.3.

Bed agrading. 
Delta prograding. 
Right bank stable, 
left bank eroding 
at RM 0.3. Low 
complexity. 
Channelized.

Pr
oj

ec
t r

ea
ch

2 90% 100% Non-erodible 
glacial outcrop 
left bank, 
eroding glacial 
outcrop, levee 
(RB)

Low to moderate 
sinuosity. 
Anabranching w/one 
or two side channels 
divided by vegetated 
bars or islands. 
Locally braided near 
logjams.

High frequency of LWD 
embedded in channel 
and on bars and in side 
channels. Two large 
logjams. Lots of trees in 
floodplain.

Large gravel, 
small cobble 
dominant. Some 
sand downstream 
of eroding 
outcrop.

Bed agrading. 
Stable laterally. 
Outcrop near 
Matriotti Creek 
eroding. High 
complexity and 
habitat quality.

3 100% 100% Beebe Levee 
(LB), Federal 
Levee (RB)

Low sinuosity, highly 
confined, 
anabranching w side 
channels divided by 
tall vegetated bars

2 major logjams. Some 
wood buried in river 
forcing steps. Lots of 
trees in floodplain.

Gravel and 
cobble, uniform 
size range (3-4" 
d50). Little to no 
sand or boulders.

Bed aggrading. 
right bank stable. 
Left bank levee 
looks marginal.

4 100% 0% Ward road 
revetment (LB), 
Woodcock 
Bridge

Low sinuosity and 
anabranching. Locally 
braided near logjams.

1 major logjam forced 
avulsion away from ward 
road. Small patch old 
growth cedar on left 
bank along ward road. 1 
mid channel logjam.

Gravel and 
cobble, uniform 
size range (3-4" 
d50). Little to no 
sand or boulders. 
Alternating bars 
common.

Bed aggrading. 
Laterally active - 
avulsion, 
migration, bank 
erosion.

5 0% 0% Banks, riffles, 
wood, bars, 
vegetation

Low sinuosity. 
Braided to 
anabranching. Large 
forested patches 
divide main channel 
and side channel.

Wood forced avulsions 
and bank erosion. Wood 
creating channel steps, 
controlling grade.

cobble & boulder Very active, w/ 
recent avulsions, 
bank erosion, 
migration. Vertical 
trends unclear.

6 0% 0% ELJs, banks, 
riffles, wood, 
bars, vegetation

Moderately sinuous, 
braided to 
anabranching.

Wood forced avulsions 
and bank erosion. Wood 
creating channel steps, 
controlling grade.

cobble & boulder, 
w short reach of 
large boulders

Very active, w/ 
recent avulsions, 
bank erosion, 
migration. Vertical 
trends unclear.

7 0% 10% RR 
embankement 
at DS end, 
revetment right 
bank, 101 bridge 
abutments US 
end. ELJs.

Moderately sinuous, 
braided to 
anabranching.

Wood forced avulsions 
and bank erosion. Wood 
creating channel steps, 
controlling grade. 
Channel spanning logjam.

cobble & boulder, 
large at 
riffles/rapids.

Very active, w/ 
recent avulsions, 
bank erosion, 
migration. Vertical 
trends unclear.

U
ps

tr
ea

m
 o

f p
ro

je
ct
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coarser, older clasts with transverse bars and point bars consisting of significantly finer gravel 
and cobble, presence of wide,  plane bedded reaches, and burial of in channel wood and tree 
trunks. The driver for observed aggradation is likely the reduction in valley slope, which 
reduces the transport potential for coarse sediment. The lack of recent high flows to rework 
and disperse the deposits could also be contributing to some of the aggradation.  This 
anecdotal trend supports those observed by others using historical cross section analysis 
(USBR 2002). 

While aggradation in the reach below Woodcock road is evidenced by several factors 
indications of “overloading” of the reach below Woodcock Bridge were not apparent. We 
saw few braided sections in the lower river below Woodcock Bridge, which indicates that a 
large percentage of the excess sediment being delivered to the lower reaches remains in the 
upper reaches (where braiding was more common). While eroding banks were very common 
upstream of Woodcock bridge, they are infrequent below, indicating most of the sediment in 
this reach is supplied from upstream and is moved along the bed of the main channel.  

It is also likely that the backwater effects of the bridges (including Woodcock) are regulating 
the supply of larger cobble and boulder sized bed material delivered to the lower reaches, 
however a large supply of gravel and cobble bed material is being delivered to the lower 
reaches. Despite the slope break the consistency in the size and character of the material 
encountered from Woodcock bridge to the mouth indicates that the river is able to readily 
rework and transport cobble and gravel below the bridge to the river mouth. It is possible 
that the reach below Woodcock Bridge is transporting as much sediment as the reach 
upstream can supply. Assumption of equilibrium load conditions just below the Woodcock 
Bridge for purposes of sediment transport modeling appears justified.  

As the river fills with gravel the bed becomes more uniform and more rectangular in cross 
section (plane bed). Pools were infrequent in plane bedded reaches. Bed material sizes and 
character are fairly homogenous indicating a common origin upstream. In the reaches where 
aggradation was most apparent, low flows were shallow and spread out across the river 
channel from bank to bank. Pools were present at obstructions such as logjams or outcrops. 
At some of these locations we could see that the river had scoured down to expose an 
underlying coarser armor layer (typically small boulders) indicating that a sediment wedge is 
overriding the bed. Imbrication or cementation of clasts in point bars and transverse bars 
downstream of Woodcock bridge was uncommon, suggesting that the deposited material was 
poorly sorted and/or rounded. It is also possible that the gravel has not experienced flows 
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necessary to imbricate the clasts on the bars we observed. This could indicate that these 
deposits were recently formed by fairly modest flows.  

Between Woodcock Bridge and Matriotti creek there is clearly a wedge of gravel and cobble 
paving the bed. A long sequence of low elevation transverse bars extends from Woodcock 
road to Matriotti Creek. Below Matriotti creek the transverse bars transition to higher 
elevation alternating point bars or mid channel bars. Just upstream a glacial outcrop is 
eroding. Large slump blocks of sandy material were entering the river. As this outcrop is 
eroded by the river it allows the river to erode the streambank downstream, resulting in a 
slow widening of the active channel. Aerial photos taken in 1990 indicate that outcrop 
extended 100 ft further into the river, forcing the river toward the levee.  In 1990 the active 
width was 110 feet at its widest point. Currently the maximum active width is 180 feet and 
the widening extends upstream and downstream from the outcrop.  It appears that the 
widening is promoting deposition of the material delivered from the more channelized reach 
upstream. The growing bars are likely causing the river to migrate into and erode the 
relatively smooth  outcrop. As we walked downstream from the outcrop to Anderson Road 
bridge we noted a significant increases in the amount of sand in the bed and on bars. The 
amount of sand decreased with distance from the outcrop, indicating that this is the likely 
source for the sand in the channel. 

We noted an extensive erosion resistant outcrop of bedrock or weathered clay that extends 
from Anderson Road about ¼ mile upstream, on the left bank of the river. The smooth 
surface allows the river to flow swiftly through this narrow reach, transporting large gravel 
and cobble with it. We noted that riprap from the Federal Levee and this outcrop 
significantly constrict the river about 750 ft upstream from the bridge and that gravel bars 
were larger upstream from this location than they were downstream. 

With the exception of the meandering reach discussed previously, downstream of Anderson 
Rd Bridge the river maintains plane bed conditions, flowing relatively straight to the mouth 
which appears to be slowly aggrading and prograding the delta with cobble and gravel sized 
clasts as evidenced by locally higher topography along the banks (natural levee building) and 
colonization of mid channel bars in the estuary by freshwater tolerant upland plants.  
Comparison of Google earth imagery indicates that the riparian forest has advanced toward 
Dungeness Bay by more than 350 feet since 1990. We noted the presence of earthworms 
when bulk sampling the gravel bar near the river mouth and a lack of marine influence 
(shellfish, marine worms, or invertebrates). 
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Dungeness River Sediment Sources, Sinks, and Trends – Highway 101 to 
River Mouth 
 

The reduction in slope (.012 to .005 ft/ft) between Woodcock Bridge and the Old Olympic 
Highway Bridge (RM 4) significantly reduces the rivers ability to transport cobble and 
boulder sized sediments downstream of Woodcock Bridge.  The reduction in sediment 
supply coupled with the presence of armored banks reduces the rivers tendency (or ability) 
to migrate and widen downstream of Woodcock bridge, limiting the active width.  This 
helps maintain higher banks and allows the river to transport a significant amount of the 
sand and gravel sized material delivered from upstream through the reach. 

Sediment Grain size 
Generally the bed sediment (gravel bar) pavement layer we sampled had a thickness equal to 
the nominal diameter of the D84 sized particles on the bar, or 2-3 times the nominal 
diameter of the D50 sized particles. Pavement materials were dominated by cobble and small 
boulder at the upstream end of the study reach, fining by about half to large gravel/small 
cobble at the mouth of the river. The pavement layer was typically a framework deposit, 
where the larger clasts were assembled in clusters, with larger voids filled by significantly 
smaller gravels and sands. Sub-pavement surface characteristics varied. In some locations the 
sub-pavement surface was cemented with fines, in others it was loose, but generally 
dominated by sand.  

From Railroad Bridge Park to the river mouth, sub-pavement sediments were consistently 
dominated by very sandy, fine to medium sized gravels, and varied little by size, whereas the 
pavement layer size distribution became finer with distance downstream. The shape of the 
gravel and cobble material on the bars varied with distance from the mouth as well. Gravel 
and cobble downstream of Matriotti creek to the mouth tended to be round disk shaped 
clasts, while at the upstream end clasts were sub-rounded to angular, and more spherical, 
typical of outwash or till deposits. This material was visible in the eroding banks encountered 
between Woodcock bridge  and Highway 101. 

We noted that confined reaches tended to be steeper and coarser, with large boulders (some 
as large as 1-2 feet nominal) present on the bed in the reach between the railroad bridge and 
old Olympic highway. Riffles and small rapids or wood forced cascades were present 
upstream of Woodcock Bridge. One short riffle is present in the project reach where the 
river widens downstream of the Beebe Levee. Small boulders were present in the entire 
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study area but became infrequent below Woodcock Bridge. Wood jams were present 
throughout the study area but were most common upstream of Woodcock bridge, and least 
common in the confined reach near the project site. Channel conditions in the confined 
reach near the project could be classified as plane bed as riffles and pools were infrequent. 
This is partly related to the low sinuosity created by the revetments which prevents 
development of meanders and associate pool-riffle sequences. Gravels were relatively fine in 
the confined reach, likely due to the effects of backwater caused by the levee constriction, 
however these could also be related to the recent channel avulsion near the upstream end of 
the Beebe levee near the confluence with Herd creek that could be supplying large amounts 
of sediment. 

Landcover, Vegetation and Large Wood Influence on Stream Morphology 
Streambank vegetation was highly variable upstream of Woodcock bridge due to the greater 
rates of channel migration in that reach. Young alders and willows were common, large 
trees, especially conifer were uncommon with exception of isolated patches in the active 
floodplain. Large conifers were infrequent throughout the study area. The largest trees 
encountered were mature cottonwoods, some approaching 150 feet in height, and 6 ft dbh. 
The reason for the lack of large conifers is not known. We did not encounter large conifer 
stumps, a common indicator of past riparian logging. It is possible that debris clearing 
(snagging), channel migration, or gravel extraction could have contributed to the loss of large 
conifers from the valley floor. 

Photos from the early 1940s and mid 1960s indicated that there were large areas upstream of 
Woodcock Road that were largely barren of riparian forest cover (USBR 2002). It is not clear 
if these bare areas are indicative of high sediment loads, land clearing, or large floods  - all 
potential sources of the barren conditions in the photo.  Regardless, those historic conditions 
would have been associated with elevated sediment delivery to the lower river for an 
extended period and help explain the observed aggradation in the last few decades along the 
lower river. Indeed the river appears more braided in the 1940s than in the 2000 or 2011 
photos (Figures 2, 3) – indicating that the barren conditions upstream were likely supplying a 
large volume of sediment to the lower river than under present conditions. The delta 
progradation visible in aerial photo comparisons supports this trend. There is not a 
significant change in forest cover along the lower river from the 1940s to the present day, 
however there was a significant narrowing of the active width due to levee construction in 
the 1960s. This would have locally increased the river slope and  increased the rivers ability 
to transport gravel through the leveed reach. Where the river locally widens, the river 
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appears prone to deposition, as evidenced by braiding in the photos at these locations. (RM 
3.3, RM 2.7, RM 1.5).  

Despite the lack of virgin conifer forests in the survey area we saw many stands of very large 
cottonwood (25-50 year old) that were able to form key pieces for large stable logjams in this 
small but energetic river. It was evident that large stable logjams form local and reach scale 
controls on channel gradient, grain size, and planform throughout the study area, even in the 
steepest reaches we surveyed. Areas that had the highest frequency and extent of eroding 
banks tended to be those with the youngest aged stands of trees.  Several of these areas 
appeared to have been active channel recently before the river avulsed and down cut several 
feet.  In several locations, at the head of an avulsion channel, we encountered a wider, 
abandoned main channel that was blocked by a large logjam.  Since avulsion channels are 
typically narrow, and down-cut, with steep banks, they channelize flood flows, which 
increase the potential for the banks to erode and the channel to widen back to a stable 
condition during a large flood. This process releases additional woody material and sediment 
on top of what was released when the river avulsed into the channel. 

Influences on Channel Dynamics 
 We attribute the dynamic behavior we observed largely to the steep gradient of the valley 
(high stream velocity), its young geologic history (effects of glaciation and  rebound), recent 
flooding (increase in sediment supply), spring snowmelt (ability to rework flood deposits or 
erode streambanks for longer durations), influence of logjams (sediment storage, flow 
diversion), floodplain constrictions (increased velocities, depths, backwater effect of 
sediment bridges, levees, roads), as well as a lack of a mature riparian forest (increased bank 
erosion, small unstable jams).  

 There is a legacy of anthropogenic alterations in the valley (riparian logging, bank 
hardening, bridges, channel clearing, dredging, engineered logjam construction) but we lack 
enough data to make confident generalizations about the relative contribution to reach scale 
dynamics because the river is still adjusting to the effects of the flood of record (January 
2002, ~ 80 year recurrence interval), which was preceded in 1991 by a comparable flood (~ 
50 year r.i.). Large floods also occurred in 1997 (> 10 yr r.i.), 2004 (>10 yr r.i.) and 2008 (>2yr 
r.i). 

Because we were not able to recon the reach upstream of Highway 101 we reviewed aerial 
photos in GIS (1942, 2000, 2011) and Google Earth imagery between 1994 and 2005, (which 
follows the 1991 event and encompasses the 2002 and 2004 events) to get a sense for 
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conditions and trends above the highway. Within a given year, aerial photos indicate that 
the river planform and active width are generally similar from the railroad bridge (RM 5.7) 
to the fish hatchery (RM 10.5). Upstream of the fish hatchery, the river meanders through a 
canyon for much of its length, has a narrow active width, with small bars visible in places.  

For purposes of this discussion we are treating the river above Highway 101to the fish 
hatchery as comparable to the river between Highway 101 and the RR bridge.  Between 1994 
and 2005 we could see that the river width and the number of large gravel bars visible in the 
aerial photos increased significantly in many places. This indicates that many of the areas we 
saw along the river that lacked large trees may have been associated with channel changes 
that occurred 10 years ago or more. Where allowed to migrate dramatic changes are visible 
from year to year a half mile upstream of the State fish hatchery (RM 10.5) to the river 
mouth. The greatest year to year changes visible in the aerial photos occur between the 
Railroad Bridge (RM 5.7) and Old Olympic Highway bridge (RM 4), which is consistent with 
our observations during our river walk.   

Principal Sediment Sources 
While the upper watershed is contributing a large portion of the river’s sediment load (USBR 
2002) our field observations and review of the aerial photos since 1994 indicate that recent 
large floods are a major source of the excessive sediment being experienced downstream.  
Since the aerial photos show that areas of braiding do not persist in any one location but 
change frequently along the river it is likely that they represent locations nearest to high 
inputs of sediment (bank erosion or down-cutting following an avulsion).   Once these areas 
are depleted of excess sediment, they revert to an anabranching or meandering character.  
Given the predominance of anabranching and meandering river systems on the Olympic 
Peninsula we theorize that the Dungeness could have been a predominately 
anabranching/meandering system prior to human alteration due simply to the availability of 
very large trees to form local stable grade control, spreading the flow out through multiple 
channels between forested islands (See Collins, 2011). 

We saw several examples of channel avulsions associated with large wood and logjams in all 
reaches (see Appendix photo points PP3, PP9, PP10, G34). The scale of the avulsion was 
notably larger in the unconfined reaches (upstream of the levees and Woodcock Bridge) and 
appear to be related to deposition of coarse sediment as the river slope decreases, channel 
migration and flood disturbance. In the steep river with erodible banks the avulsion channels 
are typically steeper, deeper, narrower and straighter than the abandoned former main 
channel. The lack of large sized trees on forested islands or streambanks within the active 
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zone allows the river to freely rework the steep banks and bed of the avulsion channel which 
allows the river to downcut and become single threaded. Channel migration and bank 
erosion eventually reduce the slope, allowing for aggradation or avulsion into other side 
channels.  

 It is possible that as the riparian forest matures, large jams will become frequent enough to 
locally arrest some of the down cutting we observed and thus decrease the amount of 
sediment being delivered to the reaches downstream of Woodcock bridge. The high banks 
associated with avulsion channels and braided or plane bed conditions downstream indicates 
that they are a major source of coarse sediment delivery to the river and can create locally 
overloaded conditions. Due to the widespread extent of unstable banks we expect elevated 
inputs of coarse sediment to the lower river will continue for several years. 

To better understand our observations we developed a 5 stage conceptual model for the 
avulsion derived sediment delivery process, summarized in Table 3. The avulsion mechanism 
appears to be initiated during floods in unconfined reaches where wood deposition and 
logjam formation are more common, the sediment load is high, and the valley steep. We 
theorize that channel blockages during floods are forcing water out of the main channel into 
adjacent side channels that lack significant trees, large wood, and erosion resistant bed 
materials. As the channels erode, head cuts form due to the steep vertical gradient, and the 
river down-cuts, widens, and releases a large amount of sediment, causing  a chain reaction 
of channel blocking, filling, and switching downstream. Because episodic flooding, steep 
valley gradient, and upstream sediment load are crucial parts of the avulsion process, it is 
likely that avulsions (and episodically high sediment loads) will continue despite the 
presence of a fully recovered riparian forest, albeit at a lesser frequency. 

While some recent sediment transport data was collected by others at the U.S. Highway 101 
Bridge (USBR 2002), we feel it is not possible to model sediment delivery to the river from 
channel avulsion events (lateral inputs) below the bridge as the location, timing, and scale 
are unpredictable and the physical behavior too complex. Instead historical aerial 
photographs and LiDAR data could be reviewed to estimate the amount of sediment being 
delivered to the river over time. This could be used to develop a sediment budget and a 
coarse sediment load rating curve if tied back to the observed river flows during the interval 
of interest.  While this would have high uncertainty it would allow for quantitative 
comparisons of the relative contribution of particular reaches to the downstream sediment 
load.  This data could also be used to attempt to calibrate a sediment transport equation 
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which would allow for long term modeling of depositional trends from Highway 101 to the 
river mouth. 

Table 3 – Dungeness River Conceptual Model for Logjam Initiated Avulsion Process and 
Sediment Delivery 
 

1. Mid channel logjam forms and/or enlarges in a flood to a point where 
sediment transport disrupted. 

2. Main channel begins to fill with sediment delivered from the steep reaches 
upstream. The channel slope flattens, the cross section widens. Bank heights 
decrease and flows leave banks earlier in a flood. Bank erosion or migration 
occurs after the flood as lower flows are deflected around immovable deposits. 

3. Side channel flows increase resulting in bank erosion. Trees recruited and 
delivered to side channel, and delivering wood to reach downstream, forming 
or enlarging logjams. 

4. In a large flood, side channel nick point forms due to large vertical gradient 
between infilling main channel and enlarging side channel. Flood flows 
deflected from main channel cause headcutting, widening side channel, and 
increasing flow diverted to side channel. River completely abandons main 
channel and captures lower elevation side channel (avulsion). Large amounts 
of sediment rapidly delivered downstream as the new river channel banks 
rapidly erode and widen to accommodate much higher flows. (Large amounts 
of sediment are also sequestered upstream of the logjam in the abandoned 
main channel). 

5. Logjams downstream enlarge in the main channel as a result of wood recruited 
during avulsion. Process repeats downstream in next major flood (or in same 
flood) unless wood and sediment can pass freely or lateral migration 
prevented. 

 

 

Habitat Observations and Discussion 
Our observations of geomorphic conditions overlap in many respects with a habitat survey 
and allow us to make some generalizations about habitat conditions in the river. While bank 
erosion, limited riparian cover, a lack of large conifers, bank hardening, and historic side 
channel disconnection are present in many or all of the reaches, at the time of survey 
upstream migrating pink salmon were exceedingly abundant and found at all locations along 
the river with the exception of shallow areas (depths less than 1 ft). Hundreds of adult 
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salmon were concentrated at all major pools and spaced out by as little as 10 feet apart in the 
main river channel. Juvenile salmon were also encountered frequently in side channels.  

Not being ecologists it is difficult for us to categorize the river as highly impaired given the 
abundance of fish and limited development observed along the banks of the river. That said, 
the lack of a vegetation and a mature riparian forest in the upper reaches appears to be 
contributing to the observed bank erosion, channel abandonment, avulsion, and down 
cutting by locally increasing sediment loads. The rate of channel abandonment and flood 
disturbance may be higher than the rate at which large trees can recolonize areas that were 
recently abandoned by the river. However, the increase in forest cover evident in 
comparison of aerial photos from the 1960s to the present day indicates that there has been a 
slow recovery in many areas. Since the high sediment load is viewed by many stakeholders 
as a problem, it is encouraging that natural processes may reduce the downstream load over 
time without intervention. 

Scientists familiar with the river are best qualified to discuss how the limiting factors 
affecting various fish populations could be addressed by proposed management actions. The 
fact that so many pink salmon were present throughout the study area during a period of 
base flow, even in reaches that have armoring along both banks, in our opinion, indicates 
that the overall river ecosystem provides the conditions necessary to sustain large runs of 
some fish populations despite recent flood events and dynamic conditions. 

While habitat degradation in the lower reaches is partly attributable to high sediment loads, 
it is directly attributable to bank hardening (levees, revetments) that locally displaces or 
disconnects habitat, and at a reach scale, disrupts fluvial processes important for maintaining 
high quality habitat (channel migration). The fact that the ERP proposes to directly address 
this issue by removing a large portion of a levee from the active river channel indicates it is 
founded on an understanding of the factors degrading physical processes and habitat of the 
Dungeness River ecosystem and is thus likely to be successful. 

Implications for  Design Phase 
Development of a sediment budget and/or modeling of sediment transport will be required to 
understand the sensitivity of the project reach (and setback levee) to the effects of continued 
long term aggradation and to understand the potential scale of response of levee removal.  

For the ERP, foreseeable negative geomorphic impacts of levee setback could include local 
down cutting in the mainstem upstream of the project, braiding and channel abandonment 
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within the river or restored site, or large scale deposition that reduces bridge freeboard. The 
data collected as part of this recon will provide sufficient detail to run an uncalibrated 
transport model.  Even an uncalibrated model, provided it is set up adequately, would 
provide insights on local and reach scale channel adjustments which could prove valuable for 
ensuring project success without unnecessarily increasing risks of habitat degradation or 
infrastructure damage.   

In order for a calibrated model to be developed, sediment loads would need to be measured 
at Woodcock Road Bridge and Anderson Road Bridge for at least one year.  Even with 
sediment load measurement, it is likely that the lag effects of upstream avulsions will create 
large scatter in the flow load curves (sediment load will vary considerably with discharge as 
the sediment delivered from avulsions varies). Since available transport  models cannot 
predict where a logjam or an avulsion will occur or how much sediment will be delivered or 
trapped, (or the grain sizes) other options must be pursued. 

If a reliable transport equation cannot be developed for the dynamic reaches above 
Woodcock bridge, some simplifying assumptions could be applied that may not significantly 
degrade model prediction accuracy downstream of the bridge.  Review of available 
information such as the location of large gravel bars and their dominant grain sizes indicates 
that Woodcock Bridge regulates the supply of sediment to the lower river. If we assume that 
the braiding we observe upstream of the bridge is an indication of an excess supply (meaning 
that the river cannot pass all the sediment delivered from upstream), we can surmise that the 
bridge crossing will be supplying all the sediment the river can carry at that location. This 
condition would meet the definition of equilibrium transport if the river cross section at the 
bridge is not changing significantly.  We have some indication that the reach below the 
bridge is aggrading, so it is possible that running the model with an equilibrium load 
assumption would overestimate sediment delivery somewhat and lead to model instabilities 
as the downstream reach aggrades at a faster rate than observed. This could be handled by 
moving the location of assumed equilibrium transport upstream and modeling the local 
deposition  through the bridge. 

Obtaining additional cross section survey data at Woodcock Bridge would help ensure that 
the model boundary conditions are set as accurately as possible. 

The sediment transport capabilities of the 2D AdH model may be required to model the 
impacts of levee setback on sediment transport. The 1-D HEC-RAS model could be used to 
route sediment downstream and establish boundary conditions for the  2-D model. 
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Figure 1 
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Figure 2 
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Figure 3 



Technical Memorandum: Dungeness River Geomorphic Reconnaissance and Trip Report, 19-Aug – 4 Sept 2013 

 

USACE Seattle District EN-HH-HE 21 

Geomorphic Data Appendix  
 
Bed Sediment Grid Photos and Photo Points, RM 0-6.4, 
August-Sept 2013.  
 
 
 
 
 
Note that quadrat used for photo-sieving is 2’ x 2’ square. 
 
(see “Lower Dungeness River Ecosystem Restoration Sediment Data and 
Analysis H&H Appendix”, June 2014 for grain size analysis results, 
 
 and “Lower Dungeness River Ecosystem Restoration Long Term Sediment Trend 
Analysis H&H Appendix” June 2014, for analysis and discussion of long term 
sedimentation. 
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REACH 1 – RM 0-RM 0.7 
Photos and notes from Corps of Engineers geomorphic 
reconnaissance of Lower Dungeness River from Anderson 
Road bridge to river mouth, 4-Sept 2013 

.  
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PHOTOS ARE ORGANIZED IN UPSTREAM TO DOWNSTREAM DIRECTION 

 

 

G41  Top row from left: upstream, downstream; Bottom row from left: left bank looking downstream, 
right bank looking downstream; Center: cobble photo sample. 
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G40  Top row from left: upstream, downstream; Bottom row from left: left bank looking downstream, 
right bank looking downstream; Center: cobble photo sample. 
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G39  Top row from left: upstream, downstream; Bottom row from left: left bank looking downstream, 
right bank looking downstream; Center: cobble photo sample. 
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PP23  Top row: looking 0° from upstream, 45° from upstream, 90° from upstream, and 135° from 
upstream. Bottom row: 180° from upstream, 225° from upstream, 270° from upstream, 315° 
from upstream. 
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G56  Top row from left: upstream, downstream; Bottom row from left: left bank looking downstream, 
right bank looking downstream; Center: cobble photo sample. 
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PP22  pool near levee downstream of Anderson Rd bridge 
Top row: looking 0° from upstream, 45° from upstream, 90° from upstream, and 135° from upstream. 

Bottom row: 180° from upstream, 225° from upstream, 270° from upstream, 315° from 
upstream. 
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G55  Point bar, pool u/s nr levee 
Top row from left: upstream, downstream; Bottom row from left: left bank looking downstream, right 

bank looking downstream; Center: cobble photo sample. 
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PP22  Glide/run, sandy cobble bed, straight, few trees on left bank 
Top row: looking 0° from upstream, 45° from upstream, 90° from upstream, and 135° from upstream. 

Bottom row: 180° from upstream, 225° from upstream, 270° from upstream, 315° from 
upstream. 
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G56 large mid channel point bar, becoming vegetated, D50 <= 6” 
G57 Right bank missing toe rock, 50-70’ along Fed levee. 
 
Top row from left: upstream, downstream; Bottom row from left: left bank looking downstream, right 

bank looking downstream; Center: cobble photo sample. 
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PP25  Cut bank opposite mid channel bar 
Top row: looking 0° from upstream, 45° from upstream, 90° from upstream, and 135° from upstream. 

Bottom row: 180° from upstream, 225° from upstream, 270° from upstream, 315° from 
upstream. 
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PP26  Channel cutoff d/s of eroded right bank 
Top row: looking 0° from upstream, 45° from upstream, 90° from upstream, and 135° from upstream. 

Middle row: ≈165° from upstream, ≈195° from upstream, 270° from upstream, 315° from 
upstream. Bottom row: 315° from upstream. 

 

 

 
 

 

 

 

 

PP27  Facing right bank looking downstream. Notice orange cable in woody debris. 
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G58  Mid chan bar, some imbrication, algal growth mid channel 
Top row from left: upstream, downstream; Bottom row from left: left bank looking downstream, right 

bank looking downstream; Center: cobble photo sample. 

 

 
  



Technical Memorandum: Dungeness River Geomorphic Reconnaissance and Trip Report, 19-Aug – 4 Sept 2013 

 

USACE Seattle District EN-HH-HE 35 

PP28  low gradient riffle, med gravel to sandy cobble, lots of wood 
Top row: looking 0° from upstream, 45° from upstream, 90° from upstream, and 135° from upstream. 

Bottom row: 180° from upstream, 225° from upstream, 270° from upstream, 315° from 
upstream. 
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G59  Left bank point bar, low gradient, plane bed, 4” minus w/sand, minor cementation of gravels 
(likely due to algal growth) 

Top row from left: upstream, downstream; Bottom row from left: left bank looking downstream, right 
bank looking downstream; Center: cobble photo sample. 
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PP29  Sandy gravel bed upstream of mouth. Sand streaks on 2” minus gravel. 
Top row: looking 0° from upstream, 45° from upstream, 90° from upstream, and 135° from upstream. 
Bottom row: 180° from upstream, 225° from upstream, 270° from upstream, 315° from upstream. 
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G16  Mid channel bar at grid/bulk sample location at river mouth 
Top row from left: upstream, downstream; Bottom row from left: left bank looking downstream, right 

bank looking downstream; Center: cobble photo sample. 
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G17  Cobble photo sample at river mouth. 

 
 
 
 
 
 

General conditions near mouth. 

 

(downstream end study area) 
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REACH 2 – RM 0.7-1.5 
Photos and notes from Corps of Engineers geomorphic 
reconnaissance of Lower Dungeness River from Anderson 
Road bridge to downstream end of Beebe levee/Matriotti 
Creek confluence – Aug/Sept 2013 
 
Photos ordered from downstream to upstream 
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PP 18 (DS,LB,RB,SAND,UNDERWATER2,US) 
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PP 13Z (DS, LB2, LB3, RB2, RB3, US) 
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PP11Z (DS, LB, US, US2) 
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PP10Z (US, LB, RB SIDE CHANNEL ENTRANCE) 
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PP8Z (DS, LOWER, LOWER2, LOWER3, LOWER4, LOWER5) 
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PP8Z (RB 6, RB2, RB3, RB4, RB5) 
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PP21 (DS, LB, RB, US, WOOD) 
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REACH 3 – RM 1.5-2.7 
Photos and notes from Corps of Engineers geomorphic 
reconnaissance of Lower Dungeness River for full extent 
of levee confined reach – Aug/Sept 2013 
 
Photos ordered from downstream to upstream 
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PP5Z (DS, LB) 
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G38 (DS, LB, G38, RB, US) 
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G48 (DS, LB, G48, RB, US) 
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PP20 (DS, LB, RB, US) 
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G47 (DS, LB, G47, RB, US) 

(THIS IS THE REACH WHERE THE FEDERAL LEVEE IS MOST 
VULNERABLE TO OVERTOPPING) 
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PP4Z (DS, RB1, RB2, RB3) 
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PP 3Z (DS, DS2, LB, RB1, RB2, RB3) 
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PP 3Z (RB4, RB5, US, US2) 
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PP2Z (DS, LB, LB2, LB3, US) 
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PP1Z (DS, RB, US) 

 

PP1 2 LJ (DS, US) 
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REACH 4 – RM 2.7-3.3 
Photos and notes from Corps of Engineers geomorphic 
reconnaissance of Lower Dungeness River from upstream 
end levee confined reach to Woodcock Road bridge 
 
Photos ordered from downstream to upstream 
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G34 (DS, LB, G34, RB, US) 
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PP 17 (DS, LB, RB, US) 
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PP 16 (DS, LB, RB, US) 
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G14(DS, LB, G14 pavement, subpavement, RB, US) 
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REACH 5 – RM 3.3-4.0 
Photos and notes from Corps of Engineers geomorphic 
reconnaissance of Lower Dungeness River from 
Woodcock Road bridge to Old Olympic Highway Bridge 
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G33 (DS, LB, G33, RB, US) 
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PP15 (DS, RB, LB, US, WOOD STEP) 
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G32 (DS, LB, G32, RB, US) 
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G31 (DS, LB, G31, RB, US) 
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G30 (DS, LB, G30, RB, US) 
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G13 SED 2 (PAVEMENT, PAVEMENT LAYER 1 REMOVED, 
SUBPAVEMENT, SUBPAVEMENT REMOVED) 
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REACH 6 – RM 4.0-5.5 
Photos and notes from Corps of Engineers geomorphic 
reconnaissance of Lower Dungeness River from Old 
Olympic Highway Bridge to RR Bridge 
 
Note that sediment grid photos not included as these are 
outside the modeled reach – see Sediment grain size 
appendix for more information. 
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PP 14 (DS, LB, RB,US) 
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PP 13 (DS, LB, RB,US) 
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PP 12 “REACH BREAK” (DS, LB, RB,US) 
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PP 11 (DS, LB, RB,US) 
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PP10 (DS, LB, RB, US) 
(DS OF AVULSION) 
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PP 9 (CHANNEL, DS, DS 2, LB, RB, US) 
(LOCATION OF CHANNEL AVULSION AROUND ELJS) 
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PP 8 (DS, LB, RB, US) 
(LOCATION OF CHANNEL AVULSION AROUND ELJS) 
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PP 7 (DS, LB, RB, US) 
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PP 6 (DS, LB, RB, US) 
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REACH 7 – RM 5.5-6.5 
Photos and notes from Corps of Engineers geomorphic 
reconnaissance of Lower Dungeness River from Old RR 
Bridge to Highway 101 Bridge 
 
Note that sed grid photos are not inlcuded these are 
outside the modeled reach – see Sediment grain size 
appendix for more information. (note G11 added for 
informational purposes) 
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G11 (DS, LB, G11, RB, US) 
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PP 4 (DS, LB, RB, US) 
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PP3 (DS, DS 2, LB, RB) 
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PP1 (DS, LB, LB2, US) 

(head of avulsion channel shown at upper left in 
background) 
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G3 (LB, RB, G3, RB2, RB3, US) 
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1 Introduction 
A geomorphic recon of the Lower Dungeness River was conducted in August and September 2013 to 
characterize spatial trends in the bed gradation between Highway 101 (RM 6.5) and the mouth. To 
conduct the recon, five members of the USACE Seattle District Hydraulic Engineering Section were 
involved in walking the river and collecting bulk and photographic bed samples. These samples were 
then processed and grain size distributions were analyzed. Overall, grain size remained fairly consistent 
throughout the study reaches (median D50 = 28.03 mm on the surface) with local variations attributed 
to changes in channel constrictions due to levees. 

This document contains a record of the methods, results, and conclusions found from the recon. Team 
members involved in completing the recon included:  

 Zac Corum, Hydraulic Engineer, P.E. 
 Dan Katz, Hydraulic Engineer, P.E. 
 Bart Brynestad, Hydraulic Engineer Intern 

Eric Andersen, Hydraulic Engineer Intern 
Matt Hubbard, Hydraulic Engineer Intern 

1.1 Purpose 
The purpose of this study was to determine the present grain size distributions of the river bed within 
the main stem of the Lower Dungeness River between RM 6.75 and the mouth. 

1.2 Study Area 
For this study, the river was broken into 7 sub-reaches between highway 101 and the river mouth. The 
sub-reaches were based on geographic locations, such as bridges and physical features (such as degree 
of confinement). Figure 1 presents these sub-reaches as boxed map overlays for the entire Lower 
Dungeness and zoomed maps of each sub-reach are presented in Appendix C.  Table 1 provides detailed 
physical descriptions of each sub-reach. 

Table 1: Study Sub-reach Physical Descriptions 

 

River Mile Reach Description

0.0 - 0.7 1
Extending from the mouth of the Dungeness River to Anderson 

Road Bridge. Constrained by levees on both sides.

0.7 - 1.5 2
Extending from Anderson Road Bridge to RM 1.5 where Matriotti 

Creek joints the main stem. Leveed on the right bank. 
(Encompasses most of the project reach.)

1.5 - 2.7 3 Extending from RM 1.5 to 2.7. Leveed on both banks.

2.7 - 3.3 4
Extending from 2.7 to Ward Road Bridge. Unconstrained on both 

banks.

3.3 - 4 5 Extending from Ward Road Bridge to Old Olympic Highway 
Bridge.

4 - 5.8 6 Extending from Old Olympic Highway Bridge to RM 5.8.

5.8 - 6.75 7
Extending from RM 5.8 to approximately 0.25 river miles 

upstream of Highway 101.
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Figure 1: Lower Dungeness Geomorphic Recon Study Sub-reaches. 
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2 Methods and Results 

2.1 Laboratory Bulk Pavement and Sub-pavement Analysis 
7 bulk pavement (armor layer) and sub-pavement (below armor layer) samples were collected at 
locations where the U.S. Bureau of Reclamation had previously sampled in 2002 (USBR, 2002). The 
samples were sent to a laboratory for sieve analysis by weight to develop grain size distribution curves. 
Figure 2 indicates the location of each sample site along the river and Table 2 summarizes the grain size 
distribution results estimated from distribution plots of each sample. Appendix A contains the sieve 
results as reported by the lab. It should be noted that SED-5 is listed as a composite sample as the 
pavement and sub-pavement samples were mixed. Figure 3 presents an example image of the surface 
before the pavement layer was removed, the subsurface directly after the pavement layer was 
removed, and the subsurface after the sub-pavement layer was removed (clockwise beginning from the 
top left). 

 

      

 

Figure 2: Pavement, Pavement Removed, Sub-pavement Removed (Clockwise From Top Left) 
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Figure 3: Bulk Sample Site Map 
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Table 2: Bulk Sample Grain Distributions 

 

 

2.2 Photo-Sieve Analysis 
59 photos of bed surface samples were obtained between the mouth and RM 6.56 at the heads of gravel 
bars next to the main channel and at other locations where grain size was noticeably affected by 
channel morphologic or hydraulic conditions. The samples were located by placing a 2-ft by 2-ft quadrat 
at representative locations. A consumer grade digital camera was held above the quadrat normal to the 
streambed and shaded to eliminate shadows. The digital photos were post-processed to remove non-
sample objects in the photo, such as the quadrant, and the post processed photos were then analyzed 
using “Digital Grain Size” analysis techniques developed by Daniel Buscombe of Plymouth University and 
the USGS (Buscombe, 2013).  

This method utilizes a power spectral density function (using a Morlet wavelet) to approximate the 
complete size distribution of grains in a given image without needing any calibration.  In addition, this 
provides outputs of a histogram of frequency versus pixel grain size, the mean grain size, sorting, 
skewness, and kurtosis. These outputs were then converted to millimeters from pixels by obtaining the 
photo resolution from a known length in the original sample photo (the quadrant). This digital technique 
was completed for each of the 59 sample photos to obtain the D10, D16, D50, D84, and D90 grain size 
for each photo.  An example of an original surface sample photo (sample G15), the cropped photo that 
was analyzed, an example of the digital grain size outputs for sample G15, and a table presenting the 
millimeter per pixel resolution for each photo are presented in Figures 4 through 7.  

An example distribution plot was created for each bulk sample and photo sample and is presented in 
Figure 8 for sample SED-4 and Figure 9 for the processed photo sample G15. 

Table 3 presents the summary grain size results for the 59 processed photos in the form of D10, D16, 
D50, D84, and D90. Further grain size distribution plots for both the bulk samples and photo samples, as 
well as a comparison to the U.S. Bureau of Reclamation 2002 study, are presented in Appendix B.  

Sample
Corresponding 

Photo Sample Name River Mile D16 (mm) D50 (mm) D84 (mm) D90 (mm)
SED-1 Pavement G12 5.68 63.5 139.7 215.9 228.6

SED-1 Sub-pavement - 5.68 3.8 38.1 190.5 203.2
SED-2 Pavement G13 3.90 35.6 57.2 95.3 104.1

SED-2 Sub-pavement - 3.90 2.5 14.0 44.5 50.8
SED-3 Pavement G14 3.24 69.9 88.9 203.2 215.9

SED-3 Sub-pavement - 3.24 0.9 12.7 38.1 50.8
SED-4 Pavement G15 2.92 44.5 88.9 152.4 177.8

SED-4 Sub-pavement - 2.92 2.3 15.2 57.2 63.5
SED-5 pavement COMPOSITE G16 -0.02 1.1 20.3 57.2 63.5

SED-6 Pavement G17 -0.08 31.8 50.8 88.9 101.6
SED-6 Sub-pavement - -0.08 0.9 11.4 38.1 50.8

SED-7 Pavement G35 2.62 50.8 121.9 215.9 228.6
SED-7 Sub-pavement - 2.62 1.0 11.4 44.5 50.8
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Figure 4: Photo Surface Samples Raw (left) and Cropped (right) 

  

 

Figure 5: Exampled Digital Grain Size Analysis Output For G15 

Note:  Top: Example of the histogram data output where the left column is the grain size in 
pixels and the right column is the frequency of each given size. Bottom-left: Example of the grain 
size outputs for the mean, sorting, skewness, and kurtosis.  
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Figure 6: Digital Photo Analysis Output Histogram Data for G15 (left) 

Figure 7: Table of Photo Resolutions in millimeters/pixel (right) 

Photo Sample Resolution (mm/pix)
G1 0.243
G2 0.421
G3 0.248
G4 0.214
G5 0.244
G6 0.239
G7 0.252
G8 0.232
G9 0.249
G10 0.234
G11 0.231
G12 0.254
G13 0.245
G14 0.261
G15 0.241
G16 0.238
G17 0.236
G18 0.258
G19 0.223
G20 0.226
G21 0.231
G22 0.237
G23 0.238
G24 0.252
G25 0.251
G26 0.260
G27 0.247
G28 0.244
G29 0.234
G30 0.239
G31 0.249
G32 0.240
G33 0.233
G34 0.258
G35 0.247
G36 0.228
G37 0.247
G38 0.247
G39 0.244
G40 0.237
G41 0.236
G42 0.221
G43 0.227
G44 0.225
G45 0.236
G46 0.232
G47 0.234
G48 0.233
G49 0.231
G50 0.239
G51 0.237
G52 0.246
G53 0.240
G54 0.226
G55 0.314
G56 0.303
G57 0.292
G58 0.286
G59 0.290
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Figure 8: Bulk Sample Grain Size Distribution for SED-4 

 

Figure 9: Photo Sample Grain Size Distribution for G15  
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Photo Sample River Mile D10 (mm) D16 (mm) D50 (mm) D84 (mm) D90 (mm)
G17 -0.08 10.43 13.84 31.99 67.52 73.81
G16 -0.02 11.30 13.69 26.56 48.78 57.95
G59 0.10 17.81 20.15 38.60 61.73 72.51
G58 0.22 15.93 20.09 37.23 63.35 75.17
G57 0.32 16.58 19.49 35.48 64.04 70.02
G55 0.38 13.62 17.41 31.63 58.07 63.62
G56 0.52 18.34 21.33 43.34 73.73 79.99
G39 0.73 12.68 14.30 22.87 38.86 45.54
G40 0.78 14.22 17.13 28.03 40.97 48.75
G41 0.83 13.16 15.57 36.01 67.48 73.99
G54 1.02 13.46 16.96 32.22 45.88 54.14
G53 1.09 14.07 17.68 34.22 57.07 63.61
G52 1.16 14.64 19.39 35.53 54.65 64.36
G51 1.25 6.62 7.75 20.64 37.71 40.97
G50 1.30 13.15 14.84 26.49 52.04 57.82
G49 1.44 10.62 13.07 23.54 39.47 46.49
G36 1.50 11.64 13.60 27.71 50.12 55.31
G37 1.53 11.38 13.85 25.29 50.08 65.78
G38 1.55 12.20 14.71 32.06 59.51 65.78
G48 1.63 18.27 19.85 33.47 61.04 66.56
G47 1.83 14.03 15.52 23.87 36.11 39.58
G46 1.95 7.95 9.59 21.41 43.78 51.77
G45 2.02 11.68 15.02 23.64 36.55 43.26
G44 2.18 13.05 16.01 27.07 45.68 49.95
G43 2.34 9.84 12.14 21.99 42.19 50.04
G42 2.53 11.01 13.24 26.32 44.27 58.16
G35 2.62 12.10 13.82 27.03 50.35 59.01
G34 2.79 12.28 15.71 26.75 52.76 62.25
G15 2.92 15.92 18.92 34.60 63.41 69.57
G14 3.24 12.39 14.61 26.95 48.16 52.83
G33 3.35 11.98 15.48 28.40 56.97 66.17
G32 3.47 15.64 20.10 37.73 63.72 69.00
G31 3.64 12.37 13.90 21.88 42.31 50.29
G30 3.78 14.20 15.90 31.40 57.07 68.41
G13 3.90 10.22 13.06 32.02 64.95 76.45
G29 4.15 14.55 18.23 36.59 61.82 73.09
G28 4.27 10.99 13.17 24.42 41.43 45.66
G27 4.53 10.71 13.84 29.38 54.38 59.88
G26 4.63 14.53 17.93 34.27 52.90 62.43
G25 4.69 9.76 12.96 33.16 66.13 72.53
G24 4.81 10.10 12.22 21.56 55.18 60.90
G23 5.10 11.97 14.79 31.06 52.61 57.78
G22 5.23 13.60 15.96 31.89 52.96 62.90
G21 5.32 9.98 13.93 36.28 72.40 78.96
G20 5.41 9.58 11.78 25.50 54.93 64.82
G19 5.56 5.48 7.11 17.63 38.83 49.52
G18 5.59 7.26 9.84 22.59 44.26 57.13
G12 5.68 9.16 12.13 25.12 47.97 61.42
G1 5.71 9.45 11.58 24.38 45.29 53.33
G11 5.77 12.80 18.19 39.80 60.75 72.24
G10 5.87 10.73 12.18 23.68 39.63 47.20
G9 5.97 15.03 17.01 30.93 50.80 60.14
G8 6.04 12.15 15.06 23.28 36.41 39.40
G7 6.27 10.36 13.87 33.39 51.03 60.84
G6 6.46 11.74 14.92 26.53 44.19 44.96
G5 6.46 17.74 22.91 41.34 58.94 70.14
G2 6.50 19.30 21.97 39.47 60.18 65.89
G3 6.50 12.80 14.68 25.58 46.45 50.85
G4 6.56 9.53 11.41 21.02 36.11 39.96

Table 3: Photo Sample Grain Distributions 
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Figure 10: Grain Size versus River Mile for USACE 2013 Bulk Samples 

 
 

 
Figure 11: Grain Size versus River Mile for USACE 2013 Photo Surface Samples 
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Figure 12: Grain Size versus River Mile for USBR 2002 Data 

 

 
Figure 13: Grain Size versus River Mile for USACE 2013 Bulk Samples 
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3 Analysis and Summary 

3.1 General Longitudinal Trends 
Within the study area, bed sediment grain size distributions were analyzed using two different methods: 
traditional lab sieving by weight and digital grain size analysis by size. The lab volumetric bulk sieving 
results indicate a slightly decreasing trend in grain size for all classes (D16, D50, D84, and D90) moving 
from the upstream reaches to the mouth. This trend is highlighted by a negatively sloped trend D50 line 
in Figures 10 and 13. The range of D50 grains were between 50.80 mm at the mouth and 139.7 mm at 
RM 5.7, very course pebbles to cobbles. 

The photo sieve samples have significant variability within the lower reaches of the river (the 6.5 mile 
study region) while the median for the statistics analyzed is fairly consistent at 28.03 mm, with a slight 
increasing trend moving downstream.  The exception to this is in sub-reach 3, which is highly confined 
by levees. Upstream of the point of maximum constriction (at the levees), several of the samples have 
much finer than median grain size distributions. Upstream and downstream of this reach average grain 
size is much closer to the study area linear regression trend line. This localized fining appears to be due 
to backwater upstream of constrictions caused by the levees and is visually apparent in the geomorphic 
recon maps of sub-reaches 3 and 4 for D50, D84, and D90 presented in Figures 15 through 17 (note, 
further specific reach spatial plots are located in Appendix D). The range of D50 particle size for the 
digital analysis is between 17.63 mm at RM 5.6 and 43.33 mm at RM 0.5, course to very course pebbles.  

With the exception of sub-reach 3 and localized deposition zones, the reason given for the lack of a 
significant decreasing trend in grain size with downstream distance is the valley steepness which 
sustains high sediment transport capacities to and beyond the river mouth. The valley slope is a function 
of ongoing regional isostatic rebound and lack of hydrology sufficient to incise the valley floor to a flatter 
gradient. 

Another apparent trend is the variability of the D10, D84 in sub-reaches 6 and 7, which is a wide, 
unconfined, active anabranched reach with frequent logjams, side channels, and channel cutoffs. This is 
seen visually in Figures 18 through 21 and indicates that in the more natural system, without levee 
constrictions, grain size tends to distribute itself by size between bars geomorphically. This is in contrast 
to confined sections of the channel which prevent natural variability, or sorting, from occurring.   

It should be noted that the digital grain size results and bulk sample lab sieve results, while both valid, 
cannot be compared directly. The digital analysis process uses a surface image to compute a grain size 
distribution by size in contrast to the lab sieve method, which classifies the grain size distribution by 
weight of a volumetric sample. As such, the digital analysis is most comparable with other size based 
field sieving techniques (Wolman pebble count using a gravelometer).  In this way, both methods 
achieve different results that represent different aspects of the sample. One of the limitations of the 
digital grain size method is its limited ability to represent the three-dimensional characteristics of the 
sediment particles and subsurface characteristics of the surface particles. Thus, the digital method is 
best for characterizing surface trends along reaches, but cannot be used to fully represent the 
underlying bed gradation of the system. 
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Figure 14: Spatial Distribution Map of D50 Sub-reaches 3 and 4 
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Figure 15: Spatial Distribution Map of D84 Sub-reaches 3 and 4 
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Figure 16: Spatial Distribution Map of D90 Sub-reaches 3 and 4 



 Lower Dungeness River Ecosystem Restoration:  Sediment Data Collection and Analysis H&H Appendix 

USACE-Seattle District 20 June 2014 
 

 

Figure 17: Spatial Distribution Map of D10 Sub-reach 6 
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Figure 18: Spatial Distribution Map of D10 Sub-reach 7 
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Figure 19: Spatial Distribution Map of D84 Sub-reach 6 
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Figure 20: Spatial Distribution Map of D84 Sub-reach 7 
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4 Conclusions 
Primary conclusions from this study include: 

1. There is a slight decrease in grain size moving downstream from Highway 101 to the mouth. 
 

2. The range of D50 grains were between 50.80 mm at the mouth and 139.7 mm at RM 5.7, 
very course pebbles to cobbles. The range of D50 particle size for the digital analysis were 
between 17.63 mm at RM 5.6 and 43.33 mm at RM 0.5, course to very course pebbles. 
 

3. The surface grain size remains consistent for all study reaches except in localized regions 
(median D50 is 28.03 mm), such as sub-reach 3, where levee channel constrictions cause a 
backwater effect and thus, grain size decreases in backwater region.  
 

4. Greater grain size variability tends to occur in more natural reaches of the river, such as sub-
reaches 6 and 7. 
 

5. Bulk sampling data and photo sampling data cannot be compared directly. 

4.1 Future Analysis 
Considerations for future work include:  

Comparing post-processed surface sample photos with raw surface sample photos to determine 
effects in the digital photo analysis regarding orthogonality of each raw photo with its sample 
(specifically using Buncombe’s digital analysis method).  

Developing or conducting a literature search to find a proven method of comparing volumetric 
bulk samples with the digital photo analysis sieving. 
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10.1111/sed.12049. 
 
USBR, (2002) Physical Processes, Human Impacts, and Restoration Issues of the Lower Dungeness River. 
U.S. Department of the Interior, Bureau of Reclamation. Prepared for Jamestown S’Klallam Tribe Clallam 
County, Washington. Main Report, Appendix B, and Appendix D.  
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6.1 Appendix A: Bulk Sample Laboratory Results 
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6.2 Appendix B: Study Sub-reaches 
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6.3 Appendix C: D50, D10, D16, D84, and D90 Geomorphic Recon Maps For All 
Reaches  
(presented maps were created using processed photo sample grain size results) 
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6.4 Appendix D: D10, D16, D50, D84, and D90 Geomorphic Recon Maps by Sub-
reach 
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1 Introduction 
Long term sedimentation rates were studied from Ward Road Bridge (RM 4.0) to the mouth. This was 
done to determine the effects of sedimentation for a levee setback project just upstream of Anderson rd 
bridge (RM 0.7-1.6).  The Dungeness River is a place of constant change, there is a large supply of 
sediment with a very steep gradient.  Observations during 2013 show very few bed forms and most of 
the pools are filled in with sediment forming a plane bed. 

 

1.1 Purpose 
The purpose of this analysis was to determine how the deposition throughout the project reach has 
been changing over time. 

1.2 Study Area 

 

Figure 1-1: Lower Dungeness Study Area 
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2 Methods 
Three methods were used to look at long term sediment trends on the Lower Dungeness River. The first 
was analyzing invert change.  The second was cross section subtraction from historic data sets. The third 
was analyzing changes through LiDAR subtraction. Previous analysis was also completed by Northwest 
Hydraulic Consultants in 1987. 

2.1 Main Channel Invert Change 
Cross section data was available from 1960, 1984, 1997-1999, and 2013. 

 

Figure 2-1: Historic Cross Section Locations 

2.1.1 1960 Cross Section Data 
The 1960 cross section data was digitized using micro station from historic cross section drawings. The 
cross section data was from 1960 with the right bank levee of 1963.  The elevations were adjusted from 
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NVD29 (assumed) to NAVD88. The cross sections were then aligned to current topography using the 
current elevation of the federal levee. 

 

Figure 2-2: 1960 Cross Section Locations 

2.1.2 1984 Cross Section Data 
The 1984 cross section data was found in the archives in the form of printed HEC-2 output files.  This is 
the most current model for FEMA floodway and floodplain mapping.  The document was hand inputted 
into excel and imported into HEC-RAS. The cross section location map was provided by FEMA region X. 
The cross section maps were geo-referenced and the locations digitized. 
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Figure 2-3: 1984 Cross Section Locations 

2.1.3 1997-1999 Cross Section Data 
The 1997-1999 Cross Section data was provided by the Bureau of Reclamation.  The data was in the 
form of a HEC-RAS model.  Cross section descriptions note that the survey was collected between 1997 
and 1999.  Cross section locations were provided as survey points.  These points were used to digitize 
cross sections in the approximate location of the original survey lines. 
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Figure 2-4: 1997-1999 Cross Section Locations 

2.1.4 2013 Cross Section Data 
The most recent survey data was collected in 2013 by USACE.  The in channel data from 2013 was 
merged with LiDAR from 2012 and 2008 for the overbanks. 
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Figure 2-5: 2013 Cross Section Locations 

2.1.5 Invert Plots 
The invert was extracted for each cross section from each dataset.  Care was taken to ensure that the 
main channel was selected and not a side channel or pre-historic channel.  

 

 

 

 

 

 

 

Comment [G1]: Add discussion of what is 
happening in this plot over time by reach in section 
3. This is as important as the XS analysis. 
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Figure 2-6: Invert changes over time Comment [G2]: Label bridges. Legend data 
should be presented chronologically 
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2.2 Cross Section Subtraction Using Historical Data Sets. 
Cross sections were available for 1960, 1984, 1997-1999, and 2013.  Subtraction was attempted 
between all the datasets at the same time; however it was determined that subtraction between 
datasets with non-collinear cross sections was too labor intensive to be feasibly completed in the 
timeframe of this project.   Ultimately, subtraction was only performed between the 1997-199 9 and 
2013 data sets.  Cross sections were interpolated inside HEC-RAS in order to resolve the issue of non-
collinear cross sections. 

2.2.1 1997-1999 Cross Section Subtraction 
The following method was used to subtract two non-collinear cross section datasets.  

1. Interpolate cross sections using HEC-RAS where needed to have cross sections at each location 
in the dataset with the less frequent data. In this case cross sections were interpolated in the 
2013 dataset to get cross sections collinear with the 1997-1999 dataset.  

2. Each dataset needs to be geo-referenced in HEC-RAS. The 1997-1999 dataset was not geo-
referenced. The geo-referenced geometry with interpolated cross sections from 2013 was 
replaced with station elevation data from the 1997-1999 dataset so the two datasets existed in 
the same place. 

3. The datasets need to be aligned with each other along the cross section.  This was done using 
the graphic cross section editor. 

4. Each cross section was clipped to only consider sediment changes in the main channel and 
adjacent floodplain. 

5. Station elevation data was exported to excel.  The cross sectional area from each data set was 
subtracted from the average elevation between cross sections. 

a. For example cross section at RM 0.48 is below.  
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Table 2-1: Cross Section Data from RM 0.48 

 
 
The area was determined by calculating the average elevation between two stations. Station 
77.8 has an elevation of 15.9 and station 74.8 has an elevation of 16.8, yielding an average 
elevation of 16.35. This was subtracted from an average elevation from every data point at this 
cross section between both data sets (16.35-13.5=2.85). This was multiplied by the distance 
between stations 77.8-74.8=2.9ft. The distance 2.9 times the elevation 2.85 yields an area of 8.3 
square feet. This was repeated for all data points across the cross section for both data sets. 

 

Cross Section Data Year Station Elevation Area
0.48 2013 74.8 16.8 0.0
0.48 2013 77.8 15.9 8.3
0.48 2013 80.7 16.0 7.2
0.48 2013 83.7 16.0 7.3
0.48 2013 86.7 16.2 7.7
0.48 2013 89.0 16.2 6.2
0.48 2013 89.7 16.2 1.8
0.48 2013 92.7 15.9 7.6
0.48 2013 95.7 15.6 6.7
0.48 2013 98.7 15.0 5.3
0.48 2013 101.7 14.3 3.3
0.48 2013 104.7 13.7 1.3
0.48 2013 105.0 13.6 0.0
0.48 2013 113.0 12.1 -5.6
0.48 2013 120.0 11.4 -12.6
0.48 2013 136.0 9.9 -46.7
0.48 2013 161.5 8.7 -107.9
0.48 2013 168.0 7.7 -34.4
0.48 2013 180.0 10.6 -52.2
0.48 2013 182.4 15.5 -1.1

Total -197.7

Cross Section Data Year Station Elevation Area
0.48 1997 74.8 16.8 0.0
0.48 1997 102.9 12.2 27.4
0.48 1997 126.9 10.5 -52.2
0.48 1997 161.9 8.9 -133.9
0.48 1997 180.2 10.8 -67.3
0.48 1997 181.5 15.3 -0.6

Total -226.6
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b. The area was summed for all cross sections for both data sets. In order to calculate 
volume the two different data sets were summed together -226.6 + -197.7 = 29 square 
feet of change 
 

6. The area change of 29 square feet was averaged with the adjacent cross section area change 53 
square feet), yielding 41.15 square feet and multiplied by the distance between cross sections 
(1319.297 feet) to get a volume of 54,289 cubic feet or 2011 cubic yards. 

Table 2-2: Physical Description of Reach Breaks 

 

 

The cross section area change was divided by the cross section width to get average vertical change 
divided by the number of years the analysis occurred, between 1984 to 1997-1999 and 1997-1999 to 
2013. 

 

 

 

 

 

 

 

 

River Mile Reach Description

0-0.7 1
Extending from the mouth of the Dungeness River to Anderson 
Rd. bridge. Constrained by levees on both sides

0.7-1.5 2

Extending from Anderson Rd Bridge to river mile 1.5 where 
Matriotti Creek joints the main stem. Leveed on the right bank. 
(Encompasses most of the project reach.)

1.5-2.7 3 Extending from river mile 1.5 to 2.7. Leveed on both banks

2.7-3.3 4
Extending from 2.7 to Ward Road Bridge. Unconstrained on both 
banks.

3.3-4.0 5 Extending from Ward Road Bridge to Old Olympic Highway Bridge

Comment [G3]: Include a sample calc so I am 
sure I understand how this works. My spot check of 
the cross sections looks like the math is OK. 
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Table 2-3: Cross Section Vertical Changes Per Year 

Reach 

Average Vertical 
Change per year 1984 
to 1997-1999 (ft/yr) 

Average Vertical 
Change per year 1997-

1999 to 2013 (ft/yr) 

Average Vertical 
Change per year 2008-

2012 (ft/yr) 
1 -0.003 0.011 0.152 
2 0.143 0.006 0.082 
3 0.040 0.026 0.034 
4 -0.083 0.057   
5 -0.036 0.023   

Project Reach 0.122 0.001 0.071 
Study Area 0.030 0.017   

 

Table 2-4: Cross Section Average Vertical Change Per Reach 

RM Total Vertical Change 
1984 to 1997-1999 

Total Vertical Change 
1997-1999 to 2013 

Average Vertical Change per 
year 1984 to 1997-1999 

Average Vertical Change 
per year 1997-1999 to 2013 

0.00 -3.79 1.51 -0.27 0.10 
0.24 1.85 -1.65 0.13 -0.11 
0.48 -0.49 0.27 -0.04 0.02 
0.73 2.29 0.50 0.16 0.03 
0.89 2.4 -0.47 0.17 -0.03 
1.00 0.36 0.54 0.03 0.04 
1.22 2.19 -0.37 0.16 -0.02 
1.27 N/A -0.29 N/A -0.02 
1.30 2.98 -0.54 0.21 -0.04 
1.46 1.77 1.21 0.13 0.08 
1.64 0.78 -0.41 0.06 -0.03 
1.82 0.82 0.64 0.06 0.04 
1.97 0.52 0.73 0.04 0.05 
2.13 0.88 0.22 0.06 0.01 
2.30 1.6 -1.05 0.11 -0.07 
2.45 -0.45 0.33 -0.03 0.02 
2.69 -1.41 1.49 -0.10 0.10 
2.97 -2.17 1.40 -0.16 0.09 
3.18 -0.82 0.58 -0.06 0.04 
3.30 -0.21 -0.08 -0.02 -0.01 
3.33 -0.78 0.76 -0.06 0.05 

Comment [G4]: Not sure what “vertical change 
means” is this the invert or an average? 

Comment [G5]: Add average of entire study area 
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Table 2-5: Cross Section Volumes 

 

Table 2-6: Cross Section Area Change 

RM 

Cross Section 
Area Change 

1984 to 1997-
1999 (ft^2) 

Cross Section Area 
Change 1997-1999 

to 2013(ft^2) 

0.00 -9662.70 177 
0.24 3055.50 -697 
0.48 -438.30 29 

0.73* 2470.20 53 
0.89* 1003.30 -49 

1* 195.90 140 
1.22* 507.90 -76 
1.27* N/A -96 
1.3* 1522.60 -275 

RM
Volume Change 

Between Cross Sections 
1984 to 1997-1999 (ft^3)

Volume Change 
Between Cross Sections 
1997-1999 to 2013 (ft^3)

Volume Change 
Between Cross Sections 
1984 to 1997-1999 (yd^3)

Volume Change 
Between Cross Sections 
1997-1999 to 2013 (yd^3)

0.00
0.24 (4,250,610)                             (334,789)                                (157,430)                                (12,400)                                 
0.48 1,659,275                               (423,821)                                61,455                                    (15,697)                                 

0.73* 1,340,340                               54,289                                    49,642                                    2,011                                     
0.89* 1,519,787                               2,013                                      56,288                                    75                                           

1* 327,400                                   24,817                                    12,126                                    919                                         
1.22* 419,546                                   37,913                                    15,539                                    1,404                                     
1.27* (21,558)                                  -                                          (798)                                       
1.3* 436,811                                   (33,373)                                  16,178                                    (1,236)                                   

1.46* 1,178,940                               131,127                                 43,664                                    4,857                                     
1.64* 700,841                                   253,007                                 25,957                                    9,371                                     
1.82 179,437                                   45,437                                    6,646                                      1,683                                     
1.97 141,444                                   99,108                                    5,239                                      3,671                                     
2.13 177,003                                   65,192                                    6,556                                      2,415                                     
2.30 611,356                                   (192,811)                                22,643                                    (7,141)                                   
2.45 312,853                                   (143,325)                                11,587                                    (5,308)                                   
2.69 (795,680)                                 436,290                                 (29,470)                                  16,159                                   
2.97 (1,177,714)                             667,168                                 (43,619)                                  24,710                                   
3.18 (388,858)                                 250,046                                 (14,402)                                  9,261                                     
3.30 (119,615)                                 37,333                                    (4,430)                                    1,383                                     
3.33 (55,938)                                   25,390                                    (2,072)                                    940                                         

* Indicates Project Reach
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1.46* 1325.70 592 
1.64* 139.10 -63 
1.82 241.20 160 
1.97 107.60 85 
2.13 329.80 76 
2.30 986.70 -492 
2.45 -178.40 121 
2.69 -1095.30 577 
2.97 -465.00 307 
3.18 -248.50 152 
3.30 -139.50 -31 
3.33 -480.90 313 

* Indicates Project Reach 
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Table 2-7: Cross Section Volume Per Year 

 

 

RM

Volume Change 
Between Cross 

Sections 1984 to 
1997-1999 (ft^3)/yr

Volume Change 
Between Cross 

Sections 1997-1999 
to 2013 (ft^3)/yr

Volume Change 
Between Cross 

Sections 1984 to 1997-
1999 (yd^3)/yr

Volume Change 
Between Cross 

Sections 1997-1999 
to 2013 (yd^3)/yr

0.00
0.24 (303,615)                       (22,319)                         (11,245)                             (827)                              
0.48 118,520                        (28,255)                         4,390                                 (1,046)                           
0.73* 95,739                           3,619                             3,546                                 134                                
0.89* 108,556                        134                                 4,021                                 5                                     

1* 23,386                           1,654                             866                                     61                                  
1.22* 29,968                           2,528                             1,110                                 94                                  
1.27* -                                 (1,437)                           -                                      (53)                                 
1.3* 31,201                           (2,225)                           1,156                                 (82)                                 
1.46* 84,210                           8,742                             3,119                                 324                                
1.64* 50,060                           16,867                           1,854                                 625                                
1.82 12,817                           3,029                             475                                     112                                
1.97 10,103                           6,607                             374                                     245                                
2.13 12,643                           4,346                             468                                     161                                
2.30 43,668                           (12,854)                         1,617                                 (476)                              
2.45 22,347                           (9,555)                           828                                     (354)                              
2.69 (56,834)                         29,086                           (2,105)                                1,077                            
2.97 (84,122)                         44,478                           (3,116)                                1,647                            
3.18 (27,776)                         16,670                           (1,029)                                617                                
3.30 (8,544)                           2,489                             (316)                                   92                                  
3.33 (3,996)                           1,693                             (148)                                   63                                  

* Indicates Project Reach

Comment [g6]: This May not be the correct way 
to display this 



Lower Dungeness River – Long Term Sediment Trend Analysis H&H Appendix 

USACE-Seattle District 19  June, 2014 
  

Table 2-8: Total Volume Change Per Year Per Reach 

 

Table 2-9: Reach Trends 

 

2.2.2 Northwest Hydraulic Consultants 1987 Analysis 
Northwest Hydraulic Consultants (NHC) performed sediment changes two different methods. First was 
cross section subtraction. The second method was using sediment transport equations. 

2.2.2.1 NHC Cross Section Subtraction 
NHC re-surveyed 5 bridge crossings in 1986 that were surveyed in 1983 in a FEMA study. The table 
below details the rates found at each of the 5 bridges. 

Table 2-10: NHC Cross Section Subtraction Analysis Results Cite 

RM Location 
Rate 

(ft/yr) 
1984 to 1997-

1999 
1997-1999 to 

2013 

-0.49 Schoolhouse Road 
Bridge 0.27 0.164 0.033 

-0.49 Ward Bridge 0.23 -0.015 0.051 
-0.49 Burlingame Bridge 0.03     

-0.49 CMSP & P Railroad 
Bridge 0.2     

-0.49 U.S. Highway 101 
Bridge 0.13     

 

2.2.2.2 NHC Sediment Transport Loading Analysis 
The NHC report analyzed Ward Bridge and Highway 101 for sediment transport loading analysis using 
the Einstein procedure.  

Reach

Total Volume 
Change 1984 to 1997-

1999 (ft^3/yr)

Total Volume 
Change 1997-1999 to 

2013 (ft^3/yr)

Total Volume 
Change 1984 to 1997-

1999 (yd^3/yr)

Total Volume 
Change 1997-1999 
to 2013 (yd^3/yr)

Total Volume 
Change 2008-2012 

(yd^3/yr)
1 (89,357)                          (47,164)                         (3,310)                            (1,747)                       3,509                         
2 277,320                          9,438                             10,271                            350                             2,462                         
3 94,804                            37,694                           3,511                              1,396                         2,018                         
4 (120,442)                        63,921                           (4,461)                            2,367                         
5 (3,996)                             1,700                             (148)                                63                               

Project Reach 327,380                          26,380                           12,125                            977                             2,668                         

Reach Trends 1984 to 1997-1999 Trends 1997-1999 to 2013 Trends 2008-2012
1 Aggrade Aggrade Aggrade
2 Aggrade Stable Aggrade
3 Aggrade Stable Aggrade
4 Scour Aggrade
5 Scour Unknown

Project Reach Aggrade Stable Aggrade

Comment [G7]: Capacity or load? 
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Table 2-11: NHC Sediment Transport Rates 

Computed Sediment Transport Rates 
Ward Bridge Highway 101 Bridge 

Discharge 
cfs 

Sediment 
Transport tons/day 

Discharge 
cfs 

Sediment 
Transport tons/day 

9750 7720 9000 47400 
4870 1760 4560 16200 
2440 300 2280 4880 
1220 30 1140 1240 
610 1 570 240 
300   285 32 
180   175 5 

These quantities represent only gravel and larger sizes.  The 
amounts of sand transported as wash load would be in addition 

to this. 
 

The discharges were multiplied by the number of days for each flow. A specific weight of 2700 lbs/cu yd 
was used to convert the rates to volumes. The estimated annual sediment yields were 80,000 cu yds per 
year at the highway 101 bridge and 4,000 cu yds per year at Ward Bridge. 

2.3 Gravel Mining 
There has been significant gravel mining on the Dungeness River over the years. From the 2002 Bureau 
report.  Stretching from RM7 to 8 from 1992-1996 approx 200,000 cubic yards of sediment were 
removed adjacent to the Dungeness Meadows Levee.  A previous report notes lowering of the channel 
bed by 8ft. Gravel has been excavated periodically from the river bed from river mile 2.6-4.6. One area 
was upstream of Woodcock bridge in 1996. 

Gravel extraction in active channel RM 0-4.6 and 7-9 

2.4 LiDAR Subtraction 
Coincident LiDAR was available for 2008 and 2012. Cross sections were extracted from the LiDAR using 
HEC-Geo-RAS and run through HEC-RAS. The resulting water depth profile was then burned into the 
LiDAR. The resulting LiDAR was used to extract another set of cross sections that were then run through 
HEC-RAS. By comparing the second HEC-RAS water surface profile to that seen by the LiDAR, it was 
possible to verify the burned LiDAR results. The above process was done for both the 2008 and 2012 
LiDAR. The burned LiDAR grids were then compared by subtracting the 2008 grid from the 2012 grid and 
calculating the volume change over the floodplain area for available reaches using ArcMap. Comment [LOJ8]: Not sure what to call this 

because I used the areas from Eric’s analysis 
adjusted to follow the river. 
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3 Analysis and Summary 
The Dungeness River is a highly dynamic rapidly changing river. There are many data sources that detail 
how the river has been changing over time.  In order to define these changes the lower 4 miles have 
been broken into 5 distinct reaches.  

3.1 Reach 1 
Reach 1 is the area downstream of Anderson Rd. Bridge (RM 0-0.7).  This reach has the flattest slope of 
all the reaches and is constrained for most flows by levees on both banks. Invert analysis shows the 
invert slowing rising over time 1964 to present. Volumetric analysis was performed from 1997-1999 to 
2013 and shows a net aggradation rate of -1,747 yd^3/yr or a net cross section change of 0.011 ft/yr. 
Volumetric analysis was also performed from 1984 to 1997-1999 and shows a net aggradation rate of -
3,310 yd^3/yr or a net cross section change of -0.003ft/yr. The volume figure is a net loss because at RM 
0.24 the river has cut through the leftovers of an old levee after changing its primary route to the straits 
between 1984 and 1997-1999. From 2008 to 2012 (LiDAR subtraction), the volume change was 3,509 
yd^3/yr or an average elevation change over the analysis area of 0.15 ft/yr.  

3.2 Reach 2 
Reach 2 is the area just upstream of Anderson Rd Bridge to where Matriotti Creek joins the main stem 
Dungeness (RM 0.7-1.5). This reach is leveed on the right bank by the COE levee and has high banks on 
the left bank but is un-constrained by any levees.  This reach encompasses most of the project reach.  
Invert analysis shows the invert rising from 1964 to 1984 and from 1984 to 1997-1999.  There is very 
little invert change from 1997-1999 to 2013.  Volumetric analysis was performed from 1997-1999 to 
2013 and shows a total volume change of 350 yd^3/yr or a net cross section change of 0.006 ft/yr. 
Volumetric anal was also performed from 1984 to 1997-1999 and shows a net aggradation rate of 9,438 
yd^3/yr or a net cross section change of 0.143 ft/yr.  Out of the first 4 reaches, this reach shows the 
smallest amount of aggradation and vertical cross section invert change in the 1997-1999 to 2013 range, 
but has the highest deposition in the 1984 to 1997-1999 range.  The higher aggradation is apparent in 
the 2008 to 2012 LiDAR analysis, where the total volume change was 2,462 yd^3/yr and 0.82 ft/yr. 

3.3 Project Reach 
The project reach starts at the start of reach 2 at Anderson Rd Bridge and extends just upstream of 
Reach 2 to RM 1.6 and includes one cross section of analysis into reach 3 (leveed on both sides). This 
changes the volumetric analysis to be 977 yd^3/yr (1997-1999 to 2013) even though the included cross 
section has a net negative aggradation.  The volume results go up because the last cross section of 
Reach 2 cuts across a wide area just downstream of Reach 3 where the river widens out and is a highly 
depositional zone where Matroitti Creek joins the Dungeness. . Due to the errors of end area analysis 
(average area change between 2 cross sections multiplied by the distance to get volume) the average 
volume between cross sections is still positive and the net cross section change is still positive at 0.001 
ft/yr (1997-1999 to 2013).  Subtraction in the 1984 to 1997-1999 time frame yield a net aggradation rate  
of 12,125 yd^3/yr or a net cross section change of 0.122 ft/yr.  LiDAR analysis from 2008 to 2012 
showed a volume increase of 2,668 yd^3/yr or a average elevation change of 0.071ft/yr. 

Comment [G9]: Add volume and elevation 
change in 50 year project life. 

Comment [G10]: Be sure to add discussion of 
invert plots here. 

Comment [LOJ11]: Not sure how to fit this in 
with the LiDAR it is awkward in this order now. 
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3.3.1 Volume & Elevation Change 50 Year Project Life 
The elevation change expected over 50 years in the project reach is estimated by taking the area change 
for each cross section in the project reach and dividing by the width of each cross section and taking the 
average change and projecting out for 50 years.  The vertical change over 50 years in the project reach is 
estimated by taking the area change of each cross section and dividing by the cross section width and 
averaging the rate throughout the project reach. The LiDAR figures are calculated by burning in the river 
into the LiDAR and subtracting the two LiDAR’s in the floodplain area. 

Data Sets 
Compared 50 Year Aggradation (yd^3) 50 Year Vertical Change (ft) 

1984 to 1997-1999                                         606,250  6.1 
1997-1999 to 2013                                           48,850  0.05 

2008 to 2012                                         133,397  3.55 
  

3.4 Reach 3 
Reach 3 is the area bound by levees on both sides extending upstream from Matriotti Creek to where 
the levees terminate (RM 1.5-2.7). Invert analysis shows the invert changing through time but more or 
less remaining in the same place with no real trends up or down. Volumetric analysis shows 1,396 
yd^3/yr or a net cross section change of 0.026 ft/yr in the 1997-1999 to 2013 date range.  Volumetric 
analysis for 1984 to 1997-1999 shows 3,511 yd^3 or a net cross section change of 0.040 ft/yr. LiDAR 
analysis from 2008 to 2012 showed a volumetric increase of 2,018 yd^3/yr and aggradation of 0.034 
ft/yr. However, the 2008 LiDAR from RM 2.0-2.6 had a non-planar bias and could not be included in the 
analysis. The volumetric change for the missing section was calculated as by multiplying the average 
aggradation from the available sections by the missing area. Aerial photos show large gravel bars in the 
missing section, therefore the actual aggradation and volumetric change would likely be higher. 

3.5 Reach 4 
Reach 4 is the area just upstream of the leveed reach where the river is free to move on both banks 
extending upstream to Ward Road Bridge. (RM 2.7-3.3) Invert analysis shows the invert scouring down a 
large amount from 1984 to 1997-1999 and rebounding to a little less than the 1984 inverts.  For the 
1997-1999 to 2013 analysis this translates to a volume change of 2,367 yd^3/yr, the highest of all the 
reaches. The corresponds to a vertical cross section change of 0.057 ft/yr.  The 1984 to 1997-1999 
volume analysis yields a net aggradation of -4,461 yd^3/yr and a vertical cross section change of -0.083 
ft/yr. The river is highly dynamic in this reach. 

3.6 Reach 5 
Reach 5 is the area extending upstream of Ward Road Bridge.  The river is free to move around in this 
reach.  This reach differs from Reach 4 in that Reach 5 is steeper than Reach 4. There is only one data 
point upstream of Ward Road Bridge. Volumetric analysis for the 1997-1999 to 2013 time period yields 
63 yd^3/yr and a vertical cross section change of 0.023 ft/yr. Volume analysis for the 1984 to 1997-1999 
time period yields -148 yd^3/yr or a vertical cross section change of -0.036 ft/yr. 
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4 Conclusion 
Volume estimates from 1997-1999 to 2013 were low in comparison to the volume estimates from 2008 
to 2012 and 1984 to 1997-1999. Gravel mining was conducted in the channel up till just before the 
1997-1999 surveys were completed.  These lower rates may be due to the sediment filling in what was 
removed from the river and the 1997-1999 survey not being all inclusive of the mining locations.   

 

4.1 Future Analysis 
• Cross section subtraction using 2008 and 2012 LiDAR (8 Hours)  
• Invert Analysis of side channels (8 Hours) 
• Subtract 6 cross sections that are collinear between all data sets. (12 Hours) 
• Sediment transport capacity analysis using USGS sediment rating curve (??? Hours) 
• 1960 to 1984 Cross Section Subtraction (16 Hours) 
• 1984 to 1997-1999 Cross Section Subtraction (16 Hours) 
• Export 3D polylines from HEC-RAS to GIS to create surfaces and subtract for spatial representation 

of volumes. (24 Hours) 
• Create sediment transport HEC-RAS model (??? Hours)  
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6 Appendix 

6.1 Invert Change Appendix 
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Figure 6-1: Reach 1 Invert Change Comment [G12]: Showing average and invert 
elvations  would likely reveal more trends 
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Figure 6-2: Reach 2 Invert Change 
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Figure 6-3: Reach 3 Invert Change 
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Figure 6-4: Reach 4 Invert Change 
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Figure 6-5: Reach 5 Invert Change 
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6.2 Cross Section Area Change 

 

Figure 6-6: Cross Sections at RM 0 
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Figure 6-7: Cross Section at RM 0 
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Figure 6-8: Cross Sections at RM 0.24 
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Figure 6-9: Cross Sections at RM 0.24 
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Figure 6-10: Cross Sections at RM 0.48 
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Figure 6-11: Cross Sections at RM 0.48 
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Figure 6-12: Cross Sections at RM 0.73 
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Figure 6-13: Cross Section at RM 0.73 
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Figure 6-14: Cross Sections at RM 0.89 
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Figure 6-15: Cross Sections at RM 0.89 
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Figure 6-16: Cross Sections at RM 1.0 
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Figure 6-17: Cross Section at RM 1.0 
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Figure 6-18: Cross Sections at RM 1.22 
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Figure 6-19: Cross Section at RM 1.22 
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Figure 6-20: Cross Sections at RM 1.27 
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Figure 6-21: Cross Sections at RM 1.3 
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Figure 6-22: Cross Sections at RM 1.3 
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Figure 6-23: Cross Sections at RM 1.46 
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Figure 6-24: Cross Sections at RM 1.46 
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Figure 6-25: Cross Sections at RM 1.64 
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Figure 6-26: Cross Sections at RM 1.64 
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Figure 6-27: Cross Sections at RM 1.82 
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Figure 6-28: Cross Sections at RM 1.82 
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Figure 6-29: Cross Sections at RM 1.97 
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Figure 6-30: Cross Sections at RM 1.97 
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Figure 6-31: Cross Sections at RM 2.13 

Comment [g13]: Due to a slight cross section 
skew the comparison was truncated at the LB levee.  

Comment [G14]: Whats happening on left 
bank? 
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Figure 6-32: Cross Sections at RM 2.13 
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Figure 6-33: Cross Sections at RM 2.3 
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Figure 6-34: Cross Sections at RM 2.3 
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Figure 6-35: Cross Sections at RM 2.45 
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Figure 6-36: Cross Sections at RM 2.45 
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Figure 6-37: Cross Sections at RM 2.69 
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Figure 6-38: Cross Sections at RM 2.69 
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Figure 6-39: Cross Sections at RM 2.97 
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Figure 6-40: Cross Sections at RM 2.97 
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Figure 6-41: Cross Sections at RM 3.18 
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Figure 6-42: Cross Sections at RM 3.18 
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Figure 6-43: Cross Sections at RM 3.3 
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Figure 6-44: Cross Sections at RM 3.3 
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Figure 6-45: Cross Sections at RM 3.33 
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Figure 6-46: Cross Sections at RM 3.33 

6.3 LiDAR Subtraction Appendix 
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Reach 

Total 
Volume 
Change 
(ft^3) 

Total 
Area 
(ft^2) 

Total Volume 
Change (yd^3/yr) 

Average Elevation 
Change (ft/yr) 

1 
            
378,997  

      
621,324  

                            
3,509  

                            
0.152  

2 
            
265,946  

      
812,691  

                            
2,462  

                            
0.082  

3 
            
217,976  

   
1,597,066  

                            
2,018  

                            
0.034  

Project Reach 
            
288,137  

   
1,015,110  

                            
2,668  

                            
0.071  
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Figure 6-47 LiDAR subtraction for Reach 1. 
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Figure 6-48 LiDAR subtraction for Reach 2 and the project reach 
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Figure 6-49 LiDAR subtraction for Reach 3. The missing segment of data is due to an offset section of LiDAR. 
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1 Introduction 
Introduce the project here, copy from proposal? 

Table 1-1: Cross Section Name with Associated River Mile 

 

1.1 Purpose 
Put why we surveyed here 

 

XS RM XS RM XS RM
AS 0.00 AB 1.07 K 1.85
AR 0.15 AA 1.09 J 1.91
AQ 0.25 Z 1.15 I 1.97
AP 0.36 Y 1.21 H 2.01
AO 0.48 Z 1.25 G 2.08
AN 0.53 W 1.27 F 2.13
AM 0.62 V 1.34 E 2.16
AL 0.67 U 1.37 D 2.24
AK 0.72 T 1.42 C 2.33
AJ 0.73 S 1.47 B 2.44
AI 0.75 R 1.53 A 2.66
AH 0.77 Q 1.58 A1 2.82
AG 0.81 P 1.64 A2 2.94
AF 0.85 O 1.68 A3 3.12
AE 0.89 N 1.71 A4 3.26
AD 0.95 M 1.75 A5 3.31
AC 0.99 L 1.82 A6 3.42

Cross Section Name with Associated River Mile
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1.2 Study Area 

 

Figure 1-1: Study Area Overview 

2 Methods 
Talk about survey methods here. 

 

 

 

 

 

2.1 Cross Section Data 
The following Map is for cross sections A6 D, moving from upstream to downstream. 
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Figure 2-1: Cross Sections A6-D 

2.1.1 Reach 1 
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Figure 2-2: Cross Section A6 Upstream     Figure 2-3: Cross Section A6 Downstream       

  

Figure 2-4: Cross Section A6 Right Bank    Figure 2-5: Cross Section A6 Left Bank 
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Figure 2-6: Cross Section A6 Side Channel Upstream   Figure 2-7: Cross Section A6 Side Channel Downstream 

 

Figure 2-8: Cross Section A6 Side Channel Right Bank   Figure 2-9: Cross Section A6 Side Channel Left Bank
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Figure 2-10: Cross Section A6 Graph 
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Table 2-1: Cross Section A6 Survey Points 

Station (ft) BS HI FS Elevation (ft) Bed Comments 

0 6.35 92.995   86.65   Top of Rebar LB 
0     6.91 86.09   Ground at Rebar 

3.5     7.32 85.68 F   
4.1     8.4 84.60   WS LB 
8     9.4 83.60 G   

18.5     10.06 82.94 G   
31     9.18 83.82 G   
35     8.4 84.60 S  WS   
47     9.65 83.35 S    
52     8.3 84.70 G   
63     7.1 85.90 C   
74     6.89 86.11 C   

85.3     7.26 85.74 C WS 
93     8.17 84.83 CG   

106     7.77 85.23 C   
114     7.15 85.85 C WS RB Main Channel 
121     6 87.00 G   
137     5.38 87.62 GS   
147     5.4 87.60 GS   
155     6.01 86.99 G   

163.7     4.99 88.01   Ground at Log with Rebar 

165.5     2.37 90.63   
Top Dog Leg Rebar no Cap (surveyed 

by NTI 90.64 with Cap) 
0     6.35 86.65   Top rebar LB 

Note: Elevations were surveyed in NAVD88 and adjusted down 0.015' to account for rebar safety 
cap 
Level:DAD Rod:ESA,BCK 9/13/13 
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Table 2-2: Cross Section A6 Side Channel Survey Points 

Station (ft) Adj Station BS HI FS Elevation (ft) Bed Comments 

88 253.5 3.2 92.625   89.43   Top Rebar RB 
88 253.5     4.26 88.37 V Ground at Rebar RB 
85 250.5     4.92 87.71   Top of bank 

81.8 247.3     7.14 85.49   Bottom of Bank WS RB 
77.2 242.7     7.36 85.27 CG   
70 235.5     7.6 85.03 C    

62.5 228     7.46 85.17 C   
59 224.5     7.15 85.48 C WS LB of Right channel 
55 220.5     6.96 85.67 CG   
36 201.5     6.87 85.76 C   
29 194.5     5.34 87.29 C   
14 179.5     5.14 87.49 V   
7 172.5     4.4 88.23 V   
2 167.5     4.22 88.41 C   
0 165.5     2.45 90.18 V Log at Rebar Dog Leg 

0 165.5     2 90.63   
Top Dog Leg Rebar no Cap 

(surveyed by NTI 90.64 with Cap 
88 253.5     3.2 89.43   Top Rebar RB 

Note: Elevations were surveyed in NAVD88 and adjusted down 0.015' to account for rebar safety cap 
Level:DAD Rod:ESA,BCK 9/13/13 
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Figure 2-11: Cross Section A5 Upstream    Figure 2-12: Cross Section A5 Downstream 

 

Figure 2-13: Cross Section A5 Right Bank    Figure 2-14: Cross Section A5 Left Bank 
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Figure 2-15: Cross Section A5 Graph 

Table 2-3: Cross Section A5 Survey Points 

Station (ft) BS HI FS Elevation (ft) Bed Comments 

0 1.95 85.993   84.04   
Top of Rebar LB (surveyed by NTI with 

no cap on 84.06) 
0     3.03 82.96   Ground at Rebar LB 

13     5.15 80.84 S   
24     4.7 81.29 G   
38     6.29 79.70 G WS LB 
54     6.7 79.29 G   
73     7.42 78.57 C   
87     9.13 76.86 C   
92     10.31 75.68 C   

105     11.21 74.78 F   
111     8.85 77.14 F   

117.2     8.67 77.32 B    
124     8.09 77.90 B   
134     7.66 78.33 F   
144     6.26 79.73   WS RB 
149     4.98 81.01   Ground at Rebar RB 
149     2.85 83.14   Top of Rebar RB 

0     1.95 84.04   Top of Rebar LB 
Note: Elevations were surveyed in NAVD88 and adjusted down 0.015' to account for rebar safety cap 
Level: DAD Rod: ESA,BCK 9/13/13 
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Figure 2-16: Cross Section A4 Upstream    Figure 2-17: Cross Section A4 Downstream 

 

Figure 2-18: Cross Section A4 Right Bank    Figure 2-19: Cross Section A4 Left Bank
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Figure 2-20: Cross Section A4 Graph 

Table 2-4: Cross Section A4 Survey Points 

Station (ft) BS HI FS Elevation (ft) Bed Comments 

0 1.3 84.122   82.82   
Top of Rebar LB (surveyed by NTI 

82.84 with Cap) 
0     1.96 82.16   Ground at rebar LB 
8     2.8 81.32 G Top of bank 

16     6.9 77.22 C WS LB 
25     8.05 76.07 C   

34.5     8.02 76.10 C   
47     7.95 76.17 C   
57     7.71 76.41 C   
65     6.89 77.23 G WS RB 
75     6.02 78.10 CG   
83     5.48 78.64 VG Bottom of Bank 
96     5.13 78.99 VG   

111.3     4.57 79.55 VG Ground at Rebar RB 
111.3     3.23 80.89   Top of Rebar RB 

0     1.3 82.82   Top of rebar LB 
Note: Elevations were surveyed in NAVD88 and adjusted down 0.015' to account for rebar safety cap 
Level: DAD Rod: ESA,BCK 9/13/13 
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Figure 2-21: Cross Section A3 Upstream    Figure 2-22: Cross Section A3 Downstream 

 

Figure 2-23: Cross Section A3 Right Bank    Figure 2-24: Cross Section A3 Left Bank
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Figure 2-25: Cross Section A3 Graph 

Table 2-5: Cross Section A3 Survey Points 

Station (ft) BS HI FS Elevation (ft) Bed Comments 

151.5 0.61 80.135   79.53   Top of rebar RB 
151.5     2.22 77.92 V  Ground at Rebar 
145.5     3.32 76.82 V Top of Bank 
142.5     5 75.14   WS Bottom of bank RB 
138     5.65 74.49 V   
111     5.74 74.40 GC   
72     5.64 74.50 G   
38     5.76 74.38 GC   
20     6.07 74.07 G   
17     5.77 74.37 GS   
12     4.89 75.25 F WS LB 
10     4 76.14 V Bottom of Bank LB 
4     3.01 77.13 V   
0     0.69 79.45 V Ground at Rebar LB 

0     0.05 80.09   
Top of Rebar LB (surveyed by NTI 80.1 

with Cap) 
151.5     0.61 79.53   Top of Rebar RB 

Note: Elevations were surveyed in NAVD88 and adjusted down 0.015' to account for rebar safety cap 
Level: DAD Rod: ESA,BCK 9/13/13 
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Figure 2-26: Cross Section A2 Upstream    Figure 2-27: Cross Section A2 Downstream 

 

Figure 2-28: Cross Section A2 Right Bank    Figure 2-29: Cross Section A2 Left Bank
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Figure 2-30: Cross Section A2 Graph 
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Table 2-6: Cross Section A2 Survey Points 

Station (ft) BS HI FS Elevation (ft) Bed Comments 

0 3.49 75.822   72.33   Top of Rebar LB 
0     3.95 71.87   Ground at Rebar 
3     4.02 71.80 V Top of Bank 
6     5.91 69.91 G Bottom of Bank 

18     5.67 70.15 S   
36.3     4.65 71.17 S   
44     4.85 70.97 SG     
47     5.29 70.53   WS LB   
54     6.24 69.58 G     
65     7.16 68.66 CS     
75     7.01 68.81 CS     
89     6.01 69.81 CS     
95     5.63 70.19 CS     

111     6.08 69.74 CS     
134.8     5.39 70.43 C  WS RB   
155     5.39 70.43 G     
184     4.65 71.17 SC     
191     5.74 70.08 G     
198     6.39 69.43   Bottom of bank RB   
200     4.2 71.62   Ground at rebar RB   
200     3.31 72.51   Rebar RB (surveyed by NTI 72.53 with Cap) 

0     3.49 72.33   Rebar LB   
Note: Elevations were surveyed in NAVD88 and adjusted down 0.015' to account for rebar safety cap 
Level: DAD Rod: ESA,BCK 9/13/13 
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Figure 2-31: Cross Section A1 Upstream    Figure 2-32: Cross Section A1 Downstream 

 

Figure 2-33: Cross Section A1 Right Bank    Figure 2-34: Cross Section A1 Left Bank



Lower Dungeness River Ecosystem Restoration: River Cross Section Survey of RM 0-3.0 H&H Appendix 

USACE Seattle District  28  October, 2013 
  

 

Figure 2-35: Cross Section A1 Side Channel Upstream   Figure 2-36: Cross Section A1 Side Channel Downstream 

 

Figure 2-37: Cross Section A1 Side Channel Island 
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Figure 2-38: Cross Section A1 Graph 
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Table 2-7: Cross Section A1 Survey Points 

Station (ft) BS HI FS Elevation (ft) Bed Comments 

243 6.36 75.097   68.74   
Top Rebar Rb (Surveyed by NTI 68.75 

with Cap) 
243     6.75 68.35   Ground at rebar RB   
230     8.74 66.36 G     
222     8.31 66.79 G     
218     9.55 65.55 G WS RB   
207     10.68 64.42 CG     
189     10.98 64.12 CG     
176     10.24 64.86 GS     

164.5     9.69 65.41   WS Top Riffle Center of channel   
155.7     10.18 64.92 G WS Bottom of riffle   
151     11.52 63.58 CG     
142     10.7 64.40 FG     
136     10.19 64.91 C edge of log jam ws left main channel 
132     8.72 66.38 C     
116     5.43 69.67 V      

112.2     5.48 69.62 V ground at dog leg rebar   
112.2     4.3 70.80   top of dogleg rebar pin   
106     5.51 69.59 V     
100     6.67 68.43 V     
86     7.32 67.78 V     
74     7.66 67.44 V     
60     9 66.10 VS     
50     8.29 66.81 V     
41     8.14 66.96 V     
30     10.96 64.14 S  ws left channel rb standing water   
24     12.07 63.03 S     
18     11.11 63.99 S     
8.4     10.98 64.12 S ws left channel lb standing water   
4     10.49 64.61 S     
0     9.74 65.36   ground at rebar lb   
0     8.77 66.33   top of rebar lb   

243     6.36 68.74       
Note: Elevations were surveyed in NAVD88 and adjusted down 0.015' to account for rebar safety cap 
Level: DAD Rod: ESA,BCK 9/13/13 
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Figure 2-39: Cross Section A Upstream     Figure 2-40: Cross Section A Downstream 

 

Figure 2-41: Cross Section A Right Bank    Figure 2-42: Cross Section A Left Bank
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Figure 2-43: Cross Section A Graph 

Table 2-8: Cross Section A Survey Points 

Station (ft) BS HI FS Elevation (ft) Bed Comments 

0 2.06 67.707   65.65   Top of Rebar LB   
0     3.63 64.08   Ground at Rebar LB   

20     3.59 64.12       
56     5.87 61.84 G     
70     6.69 61.02       
77     5.3 62.41 G     
99     6.81 60.90 C     

115     7 60.71 GC     
118     8.01 59.70   WS LB   
126     9.25 58.46 G     
140     9.48 58.23 G     
155     9.2 58.51 G     
165     9.05 58.66 G     

174.5     9.06 58.65       
178     9.52 58.19   Bottom of Bank RB   
178     8.1 59.61   WS not Bed Elevation RB   

188.5     2.28 65.43   Bottom of Rebar RB 

188.5     1 66.71   
Top of Rebar RB (surveyed by NTI 

66.72 with Cap) 
0     2.07 65.64   Top of Rebar LB   

Note: Elevations were surveyed in NAVD88 and adjusted down 0.015' to account for rebar safety cap 
Level:DAD Rod:ESA,BCK 9/10/13 
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Figure 2-44: Cross Section B Upstream     Figure 2-45: Cross Section B Downstream 

 

Figure 2-46: Cross Section B Right Bank    Figure 2-47: Cross Section B Left Bank
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Figure 2-48: Cross Section B Side Channel Upstream   Figure 2-49: Cross Section B Side Channel Downstream 

 

Figure 2-50: Cross Section B Side Channel Right Bank    Figure 2-51: Cross Section B Side Channel Left Bank
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Figure 2-52: Cross Section B Graph 

Table 2-9: Cross Section B Survey Points 

Station (ft) BS HI FS Elevation (ft) Bed Comments 

0 5.07 61.111   56.04   Top of rebar LB 
0     5.77 55.34 V Bottom of rebar LB 
3     8.58 52.53 G Bottom of Bank 

21     8.82 52.29 CG WS 
37     8.16 52.95 CG   
52     8.58 52.53 CG   
64     8.71 52.40 CG   
84     8.47 52.64 CG   

101     7.65 53.46 CG WS 
111     7.17 53.94 CG   
116     7.51 53.60 G Bottom of Bank 

127.8     3.46 57.65   Top of Bank Bottom of Rebar RB 

127.8     2.47 58.64   
Top of Rebar RB (surveyed by NTI 

58.66 with Cap) 
0     5.07 56.04   Top of Rebar LB 

Note: Elevations were surveyed in NAVD88 and adjusted down 0.015' to account for rebar safety 
cap 
Level:ESA Rod:DAD,BCK 9/10/13 
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Table 2-10: Cross Section B Side Channel Survey Points 

Station (ft) Adj Station (ft) BS HI FS Elevation (ft) Bed Comments 

0 127.8 5.03 63.686   58.66   

Top of rebar RB main 
channel (surveyed by NTI 

58.66 with Cap) 

0 127.8     5.94 57.75   
Ground at rebar RB main 

channel 
28 155.8     6.12 57.57     
32 159.8     6.52 57.17     
33 160.8     7.01 56.68   WS 

39.5 167.3     8.59 55.10 F   
46 173.8     9.43 54.26 F   
55 182.8     9.12 54.57 F   
66 193.8     7.19 56.50   WS 
74 201.8     5.44 58.25     
77 204.8     5.17 58.52   Ground at RB SC rebar 
77 204.8     4.42 59.27   Top of rebar RB SC 

0 127.8     5.03 58.66   
Top of rebar RB main 

channel 
Note: Elevations were surveyed in NAVD88 with rebar safety cap 
Level:ESA Rod:BCK 9/25/13 
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Figure 2-53: Cross Section C Upstream     Figure 2-54: Cross Section C Downstream 

 

Figure 2-55: Cross Section C Right Bank    Figure 2-56: Cross Section C Left Bank
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Figure 2-57: Cross Section C Side Channel Upstream   Figure 2-58: Cross Section C Side Channel Downstream 

 

Figure 2-59: Cross Section C Side Channel Right Bank    Figure 2-60: Cross Section C Side Channel Left Bank
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Figure 2-61: Cross Section C Graph 

Table 2-11: Cross Section C Survey Points 

Station (ft) BS HI FS 
Elevation 

(ft) Bed Comments 

0 2.51 56.525   54.02   Top of Rebar LB 
0     3.32 53.21 V Bottom of Rebar LB 
4     4.65 51.88   Top of Bank 

7.2     5.54 50.99 GC  WS 
22.2     5.26 51.27 G   
32     5.76 50.77 G   
45     6.18 50.35 GC    
59     6.48 50.05 GC    
70     6.45 50.08 C   

89.5     6.3 50.23 BC   
102     5.72 50.81 GC    

114.7     5.24 51.29 G WS 
119     3.98 52.55 V   
124     3.15 53.38 VF edge of bench 
128     0.54 55.99 VF top of bank 

132.2     0.7 55.83 VF bottom of rebar RB 

132.2     0.25 56.28   
Top of Rebar RB (surveyed by NTI 

56.29 with Cap) 
0     2.52 54.01   Top of Rebar LB 

Note: Elevations were surveyed in NAVD88 and adjusted down 0.015' to account for rebar safety cap 
Level:ESA Rod:DAD,BCK 9/10/13 
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Table 2-12: Cross Section C Side Channel Survey Points 

Station (ft) Adj Station (ft) BS HI FS Elevation (ft) Bed Comments 

0 132.2 4.73 61.02   56.29   

Top of rebar RB main 
channel (surveyed by 
NTI 56.29 with Cap) 

0 132.2     5.03 55.99 FV 
Ground at rebar RB 

main channel 
24 156.2     4.19 56.83 FV   
31 163.2     5.22 55.8 FV   
38 170.2     8.95 52.07 FV   
42 174.2     9.39 51.63 FV invert 
45 177.2     8.57 52.45 FV   
50 182.2     7.32 53.7 FV   
59 191.2     6.54 54.48 FV   
65 197.2     6.2 54.82 FV   
69 201.2     4.89 56.13 FV   
72 204.2     4.47 56.55 FV Ground at rebar RB SC 
72 204.2     3.64 57.38 FV Top of rebar RB SC 

0 132.2     4.73 56.29 FV 
Top of rebar RB main 

channel 
Note: Elevations were surveyed in NAVD88 with rebar safety cap 
Level:ESA Rod:BCK 9/25/13 

 



Lower Dungeness River Ecosystem Restoration: River Cross Section Survey of RM 0-3.0 H&H Appendix 

USACE Seattle District  41  October, 2013 
  

 

Figure 2-62: Cross Section D Upstream     Figure 2-63: Cross Section D Downstream 

 

Figure 2-64: Cross Section D Right Bank    Figure 2-65: Cross Section D Left Bank
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Figure 2-66: Cross Section D Graph 

Table 2-13: Cross Section D Survey Points 

Station (ft) BS HI FS Elevation (ft) Bed Comments 

0 4.45 57.524   53.07   Top of Rebar LB 
0     6.39 51.13   Bottom of Rebar LB 

11.6     7.96 49.56 V Bottom of Bank 
23     8.64 48.88 G    
31     8.53 48.99 G    
35     9.15 48.37 G WS 
52     10.2 47.32 G   
59     10.62 46.90 G   
70     11.06 46.46 G   
80     11.14 46.38 G   
84     10.17 47.35 G   
90     11.39 46.13 C   

101     9.3 48.22 G WS 
107     6.02 51.50   Top of bank 
117     3.85 53.67   Ground at Rebar RB 

117     3.59 53.93   
Top of rebar RB (surveyed by NTI 53.95 

with Cap) 
0     4.45 53.07   Top of Rebar LB 

Note: Elevations were surveyed in NAVD88 and adjusted down 0.015' to account for rebar safety cap 
Level:ESA Rod:DAD,BCK 9/10/13 
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2.1.2 Reach 2 
 

 

Figure 2-67: Cross Sections E-N
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Figure 2-68: Cross Section E Upstream     Figure 2-69: Cross Section E Downstream 

 

Figure 2-70: Cross Section E Right Bank    Figure 2-71: Cross Section E Left Bank
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Figure 2-72: Cross Section E Graph 

Table 2-14: Cross Section E Survey Points 

Station (ft) BS HI FS Elevation (ft) Bed Comments 

0 6.7 61.927   55.23   Top of Rebar LB 
0     7.8 54.13   Bottom of Rebar LB 

10     18.44 43.49 C Bottom of Bank 
10     16.08 45.85   WS Not a Bed Elevation 
15     18.43 43.50 C   
26     17.86 44.07 C   
37     16.64 45.29 C   
47     16.05 45.88 BC WS 
60     15.19 46.74 C   
75     14.07 47.86 C   
90     13.97 47.96 CG   

106     14.13 47.80   Bottom of Bank 
121.5     11.2 50.73   Bottom of Rebar RB 

121.5     10.35 51.58   
Top of Rebar RB (surveyed by NTI 51.59 

with cap) 
0     6.7 55.23   Top of Rebar LB 

Note: Elevations were surveyed in NAVD88 and adjusted down 0.015' to account for rebar safety cap 
Level:ESA Rod:DAD,BCK 9/10/13 
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Figure 2-73: Cross Section F Upstream     Figure 2-74: Cross Section F Downstream 

 

Figure 2-75: Cross Section F Right Bank    Figure 2-76: Cross Section F Left Bank
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Figure 2-77: Cross Section F Graph 

Station (ft) BS HI FS Elevation (ft) Bed Comments 

0 2.07 55.407   53.34   Top of Rebar LB 
0     4.25 51.16   Bottom of Rebar LB 
8     11.39 44.02 G Bottom of Bank 

20     11.27 44.14 C   
35     11.08 44.33 C   
50     10.55 44.86 C   
61     9.87 45.54 GC WS 
75     9.06 46.35 GC   

100     8.17 47.24 GV Bottom of Bank 
110     6.83 48.58 V   
120     6.07 49.34 V Bottom of Rebar RB 

120     5.34 50.07 V 
Top of rebar RB (Surveyed by NTI 50.08 

with Cap) 
0     2.07 53.34   Top of rebar LB 

Note: Elevations were surveyed in NAVD88 and adjusted down 0.015' to account for rebar safety cap 
Level:ESA Rod:DAD,BCK 9/10/13 
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Figure 2-78: Cross Section G Upstream     Figure 2-79: Cross Section G Downstream 

 

Figure 2-80: Cross Section G Right Bank    Figure 2-81: Cross Section G Left Bank
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Figure 2-82: Cross Section G Graph 

Table 2-15: Cross Section G Survey Points 

Station (ft) BS HI FS Elevation (ft) Bed Comments 

0 4.47 60.459   55.99   Top of Rebar LB 
0     5.53 54.93   Bottom of Rebar LB 
4     7.46 53.00     

14.8     16.26 44.20 G WS 
17     18.28 42.18 G Thalweg 
25     17.56 42.90 G   
34     17.32 43.14 G   
70     16.2 44.26 C WS 
85     15 45.46 G Bottom of Bank 
97     11.94 48.52 G Top of Bank 

108     11.01 49.45 G   
120     10.84 49.62   Bottom of Rebar RB 

120     9.85 50.61   
Top of Rebar RB (surveyed by NTI 50.62 with 

Cap) 
0     4.47 55.99   Top of Rebar LB 

Note: Elevations were surveyed in NAVD88 and adjusted down 0.015' to account for rebar safety cap 
Level:ESA Rod:DAD,BCK 9/10/13 
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Figure 2-83: Cross Section H Upstream     Figure 2-84: Cross Section H Downstream 

 

Figure 2-85: Cross Section H Right Bank    Figure 2-86: Cross Section H Left Bank
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Figure 2-87: Cross Section H Graph 

Table 2-16: Cross Section H Survey Points 

Station (ft) BS HI FS Elevation (ft) Bed Comments 

0 3.22 49.663   46.44   Top of Rebar LB 
0     3.87 45.79 V Bottom of Rebar LB Top of Bank 

5.5     6.97 42.69 G    
15.5     6.22 43.44 G  WS 
30     5.22 44.44 C   
34     6.07 43.59 C WS 
57     6.84 42.82 C   
73     7.86 41.80 GC   
85     7.89 41.77 G   
97     8.33 41.33 F   

103     6.18 43.48 F WS 
106     2.49 47.17 V Top of Bank 
115     1.83 47.83   Ground at Rebar RB 

115     1.49 48.17   
Top of Rebar at RB (surveyed by NTI 

48.19 with Cap) 
0     3.22 46.44   Top of Rebar at LB 

Note: Elevations were surveyed in NAVD88 and adjusted down 0.015' to account for rebar safety cap 
Level:ESA Rod:DAD,BCK 9/10/13 
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Figure 2-88: Cross Section I Upstream     Figure 2-89: Cross Section I Downstream 

 

Figure 2-90: Cross Section I Right Bank     Figure 2-91: Cross Section I Left Bank
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Figure 2-92 Cross Section I Graph 

Table 2-17 Cross Section I survey points 

Station (ft) BS HI FS Elevation (ft) Bed Comments 

0 2.96 50.663   47.70   Rebar Top LB 
0     4.74 45.92   Ground at Rebar 

10     5.23 45.43     
17     6.37 44.29 VC   
30     6.87 43.79 C   
42     7.2 43.46 CG WS 
60     7.56 43.10 CG   
80     7.86 42.80 CG   
95     8.33 42.33 C   

110     8.66 42.00 VC   
120     7.77 42.89 VC   
133     7.4 43.26 F Bottom of bank WS 
140     3.81 46.85 V  Ground at rebar RB 

140     3.3 47.36   
Top of Rebar RB (surveyed by NTI 47.38 

with Cap) 
0     2.96 47.70   Top of Rebar LB 

Note: Elevations were surveyed in NAVD88 and adjusted down 0.015' to account for rebar safety cap 
Level:ESA Rod:DAD,BCK 9/10/13 
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Figure 2-93: Cross Section J Upstream     Figure 2-94: Cross Section J Downstream 

 

Figure 2-95: Cross Section J Right Bank     Figure 2-96: Cross Section J Left Bank
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Figure 2-97: Cross Section J Graph 

Table 2-18: Cross Section J Survey Points 

Station (ft) BS HI FS Elevation (ft) Bed Comments 

0 3.8 47.833   44.03   Top of rebar LB 
0     4.64 43.19 G Bottom of rebar LB 
5     4.97 42.86   Top of Bank 
9     7.24 40.59 C Bottom of Bank 
9     7.09 40.74   WS 

24     8.09 39.74 CG   
46     8.08 39.75 G   
60     7.77 40.06 G   

72.6     7.22 40.61 C WS 
82     8.35 39.48 CG   
98     7.36 40.47 C   

103     8 39.83 F   
109     6.95 40.88 F WS 
117     1.91 45.92   Top of Bank Ground at rebar RB 

117     1.32 46.51   
Top of rebar RB (surveyed by NTI 46.53 

with Cap) 
0     3.8 44.03   Top of Rebar LB 

Note: Elevations were surveyed in NAVD88 and adjusted down 0.015' to account for rebar safety cap 
Level:ESA Rod:DAD,BCK 9/10/13 
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Figure 2-98: Cross Section K Upstream     Figure 2-99: Cross Section K Downstream 

 

Figure 2-100: Cross Section K Right Bank    Figure 2-101: Cross Section K Left Bank
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Figure 2-102: Cross Section K Side Channel Upstream   Figure 2-103: Cross Section K Side Channel Downstream 

 

Figure 2-104: Cross Section K Side Channel Right Bank    Figure 2-105: Cross Section K Side Channel Left Bank
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Figure 2-106: Cross Section K Graph 

Table 2-19: Cross Section K Survey Points 

Station (ft) BS HI FS Elevation (ft) Bed Comments 

0 3.48 46.35   42.87   Top of Rebar LB 
0     4.33 42.02 V  Ground at Rebar LB 
4     5.55 40.80 V Edge of Bench 

10     5.73 40.62 C Bottom of Bank 
37     6.67 39.68 C WS 
53     7.54 38.81 C   
74     7.62 38.73 BC   
87     7.84 38.51 C   

106     6.57 39.78 GS WS 
109     6.01 40.34 GS   

115.5     5.97 40.38 V Top of Bank 
121     2.4 43.95   Bottom of Rebar RB 

121     1.77 44.58   
Top of rebar Rb (surveyed by NTI 44.60 

with Cap) 
0     3.48 42.87     

Note: Elevations were surveyed in NAVD88 and adjusted down 0.015' to account for rebar safety cap 
Level:ESA Rod:DAD,BCK 9/10/13 (RB rebar used as control) 
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Table 2-20: Cross Section K SC Survey Points 

Station 
(ft) 

Adj 
Station (ft) BS HI FS 

Elevation 
(ft) Bed Comments 

    10.58 57.958   47.38   
Top of rebar XS I RB (surveyed 

by NTI 47.38 with Cap) 
TP1       6.04 51.92     
TP1   4.26 56.178         
TP2       6.27 49.91     
TP2   4.18 54.088         
29.5 268     9.99 44.10 V  Top of rebar RB SC 
29.5 268     10.78 43.31 V Ground at rebar RB SC 
26 264.5     11.97 42.12 V   

23.6 262.1     14.34 39.75   Bottom of bank 
22.8 261.3     15.32 38.77   WS 
18.2 256.7     16.69 37.40 SF   
16 254.5     16.63 37.46 SF   

14.4 252.9     16.42 37.67     
12.7 251.2     15.55 38.54   WS 

8 246.5     13.39 40.70   Bottom of bank 
0 238.5     8.61 45.48   Ground at rebar LBSC 
0 238.5     7.65 46.44   Top of rebar LB SC 

29.5 268     9.99 44.10   Top of rebar RB SC 
Eric BM       5.31 48.78   Surveyed without caps 

TP2       4.18 49.91     
TP2   6.28 56.188       Surveyed without caps 
TP1       4.28 51.91   Surveyed without caps 
TP1   5.81 57.718         

        10.34 47.38   Top of rebar XS I RB 
Elevations were surveyed in NAVD88 with rebar safety cap 
Level: ESA Rod: BCK  9/24/13 
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Figure 2-107: Cross Section L Upstream     Figure 2-108: Cross Section L Downstream 

 

Figure 2-109: Cross Section L Right Bank    Figure 2-110: Cross Section L Left Bank
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Figure 2-111: Cross Section L Side Channel Upstream   Figure 2-112: Cross Section L Side Channel Downstream 

 

Figure 2-113: Cross Section L Side Channel Right Bank    Figure 2-114: Cross Section L Side Channel Left Bank
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Figure 2-115: Cross Section L Graph 

Table 2-21 Cross Section L Survey Points 

Station (ft) BS HI FS Elevation (ft) Bed Comments 

0 4.53 44.979   40.45   Top of Rebar LB 
0     5.11 39.87   Ground at Rebar LB 

10     6.21 38.77 S Top of Bank 
16     6.91 38.07 GC   
29     5.92 39.06 C   
44     6.02 38.96 C   
65     7.15 37.83 C WS 
75     8.2 36.78 C   
85     8.53 36.45 C   

96.5     7.76 37.22   Bottom of Bank 
96.5     7.05 37.93   WS Not a bed Shot 
100     3.18 41.80   Top of Bank 
106     0.58 44.40   Ground at rebar RB 

106     0.05 44.93   
Top of Rebar RB (surveyed by NTI 44.94 

with Cap) 
0     4.53 40.45   Top of Rebar LB 

Note: Elevations were surveyed in NAVD88 and adjusted down 0.015' to account for rebar safety cap 
Level:ESA Rod:DAD,BCK 9/10/13  
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Table 2-22: Cross Section L Side Channel Survey Points 

Station  
(ft) 

Adj 
Station 

(ft) BS HI FS 
Elevation 

(ft) Bed Comments 

Eric BM   4.98 53.758   48.78   Top of Eric BM at XS K (No Cap) 
0 203     10.11 43.65   Top of rebar LB SC 
0 203     12.24 41.52   Ground at LB SC rebar 
7 210     16.02 37.74   WS 
8 211     17.29 36.47 F   

12 215     17.79 35.97 F   
14 217     17.47 36.29 F   
18 221     16.45 37.31 F   
24 227     16.39 37.37 F   
25 228     15.97 37.79   WS 

26.4 229.4     14.52 39.24     
28.5 231.5     13.5 40.26     
33 236     13.26 40.50   Ground at RB SC 
0 203     10.11 43.65     

TP3       5.52 48.24   Top of rebar TP3 (No Cap) 
Eric BM       4.98 48.78   Top of Eric BM near K (No Cap) 
Elevations were surveyed in NAVD88 with rebar safety cap 
Level: ESA Rod: BCK  9/25/13 
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Figure 2-116: Cross Section M Upstream    Figure 2-117: Cross Section M Downstream 

 

Figure 2-118: Cross Section M Right Bank    Figure 2-119: Cross Section M Left Bank
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Figure 2-120: Cross Section M Side Channel Upstream   Figure 2-121: Cross Section M Side Channel Downstream 

 

Figure 2-122: Cross Section M Side Channel Right Bank    Figure 2-123: Cross Section M Side Channel Left Bank
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Figure 2-124: Cross Section M Graph 

Table 2-23: Cross Section M Survey Points 

Station (ft) BS HI FS 
Elevation 

(ft) Bed Comments 

88 0.04 43.02   42.98   
Top of rebar RB (surveyed by NTI 42.99 with 

Cap) 
88     0.56 42.46   Ground at rebar top of bank RB 

75.5     5.57 37.45 G Bottom of Bank 
68     6.12 36.9 G WS 
53     6.85 36.17 CG   
34     7.22 35.8 CG   
18     7.19 35.83 CG Thalweg 
2.5     6.31 36.71 S Bottom of bank WS 
0     3.12 39.9   Ground at Rebar LB top of bank 
0     2.41 40.61   Top of rebar LB 

88     0.04 42.98   Top of rebar RB 
Note: Elevations were surveyed in NAVD88 and adjusted down 0.015' to account for rebar safety cap 
Level:DAD Rod:ESA,BCK 9/11/13  
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Table 2-24: Cross Section M Side Channel Survey Points 

Station 
(ft) 

Adj Station 
(ft) BS HI FS 

Elevation 
(ft) Bed Comments 

TP3   4.44 52.678   48.24   Top of rebar TP3 (No Cap) 
0 153     12.51 40.17   Top of rebar LB SC 
0 153     13.09 39.59 V Ground at rebar LB SC 
4 157     13.9 38.78     
6 159     16.1 36.58   WS 
8 161     16.59 36.09 F Invert 

14 167     15.81 36.87 F   
21 174     16.15 36.53     
24 177     16.01 36.67   WS 
28 181     12.24 40.44     

31.5 184.5     9.64 43.04   Ground at rebar RB SC 
31.5 184.5     8.9 43.78   Top of rebar RB SC 

0 153     12.51 40.17   Top of rebar LB SC 
TP3       4.44 48.24   Top of rebar TP3 (No Cap) 

Elevations were surveyed in NAVD88 with rebar safety cap 
Level: ESA Rod: BCK  9/25/13 
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Figure 2-125: Cross Section N Upstream    Figure 2-126: Cross Section N Downstream 

 

Figure 2-127: Cross Section N Right Bank    Figure 2-128: Cross Section N Left Bank
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Figure 2-129: Cross Section N Side Channel Upstream   Figure 2-130: Cross Section N Side Channel Downstream 

 

Figure 2-131: Cross Section N Side Channel Right Bank    Figure 2-132: Cross Section N Side Channel Left Bank
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Figure 2-133: Cross Section N Graph 

Table 2-25: Cross Section N Survey Points 

Station (ft) BS HI FS Elevation (ft) Bed Comments 

143 1.12 43.691   42.57   
Top of rebar rb (surveyed by NTI 

42.59 with Cap) 
143     1.75 41.94   bottom rebar top rb side channel 
132     5.29 38.40     

128.6     7.8 35.89   bottom of bank rb 
121     6.89 36.80 G   
119     7.14 36.55   WS Rb side channel 

114.7     7.15 36.54 G WS LB side channel 
117     7.4 36.29   thalweg side channel 
108     5.54 38.15 F top of bank lb side channel 
98     3.95 39.74 V    
83     5.3 38.39 V  top of bank rb side channel 

69.3     7.61 36.08 C  WS RB   
47     8.78 34.91 GC   
33     8.91 34.78 CG thalweg  
15     8.06 35.63 CG   
4.6     7.89 35.80 SG WS LB   
0     5.02 38.67 F ground at rebar lb 
0     4.46 39.23   top of rebar LB 

143     1.12 42.57   top of rebar RB 
Note: Elevations were surveyed in NAVD88 and adjusted down 0.015' to account for rebar safety 
cap 
Level:DAD Rod:ESA,BCK 9/11/13  
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Figure 2-134: Cross Section O Upstream    Figure 2-135: Cross Section O Downstream 

 

Figure 2-136: Cross Section O Right Bank    Figure 2-137: Cross Section O Left Bank
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Figure 2-138: Cross Section O Graph 

Table 2-26: Cross Section O Survey Points 

Station (ft) BS HI FS Elevation (ft) Bed Comments 

0 3 49.685   46.69   Top of rebar LB 
0     4.01 45.68   Ground at rebar LB 

16     14.21 35.48   WS LB 
18     18.19 31.50     
31     17.36 32.33   Thalweg 
45     15.83 33.86 C   
62     14.24 35.45 C WS RB 

65.2     14.11 35.58 C   
69     14.59 35.10 S    
76     13.32 36.37 GC   
81     13.58 36.11 GS Bottom of bank 
92     12.81 36.88 S  top of bank 

104     9.3 40.39   Ground at rebar RB 

104     8.3 41.39   
Top of rebar RB (surveyed by NTI 41.4 

with Cap) 
0     3 46.69   Top of rebar LB 

Note: Elevations were surveyed in NAVD88 and adjusted down 0.015' to account for rebar safety cap 
Level:DAD Rod:ESA,BCK 9/11/13  
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Figure 2-139: Cross Section P Upstream    Figure 2-140: Cross Section P Downstream 

 

Figure 2-141: Cross Section P Right Bank    Figure 2-142: Cross Section P Left Bank
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Figure 2-143: Cross Section P Graph 

Table 2-27: Cross Section P Survey Points 

Station (ft) BS HI FS Elevation (ft) Bed Comments 

108.5 0.35 40.417   40.07   
Top of Rebar RB (surveyed by NTI 40.08 

with cap) 
108.5     0.8 39.62   Ground at rebar RB top of bank 
100     2.24 38.18     
98     4.04 36.38 S  bottom of bank 

91.3     5.82 34.60 S WS RB 
81     7.24 33.18 GS   
70     7.44 32.98 GS   
58     6.36 34.06 GC   
41     5.82 34.60 GC WS LB 
13     4.95 35.47 CG   
4.4     6.36 34.06 GC   
1.2     5.76 34.66 F Bottom of bank LB 
0     4.1 36.32 F Ground at Pin Top of bank LB 
0     3.36 37.06   top of rebar LB 

108.5     0.35 40.07   Top of rebar RB 
Note: Elevations were surveyed in NAVD88 and adjusted down 0.015' to account for rebar safety cap 
Level:DAD Rod:ESA,BCK 9/11/13  
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Figure 2-144: Cross Section Q Upstream    Figure 2-145: Cross Section Q Downstream 

 

Figure 2-146: Cross Section Q Right Bank    Figure 2-147: Cross Section Q Left Bank
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Figure 2-148: Elevation (ft, NAVD88) 

Table 2-28: Cross Section Q Survey Points 

Station (ft) BS HI FS Elevation (ft) Bed Comments 

0 2.24 40.08   37.84   Top of Rebar LB 
0     2.89 37.18   Ground at Rebar LB 
9     4.75 35.33 S Bottom of Bank 

16.5     5.77 34.31 G WS 
33     7.01 33.07 C   
47     6.86 33.22 SG   
62     6.5 33.58 SG   

79.5     6.25 33.83 SG   
86     6.74 33.34 SG   
93     6.85 33.23 SG   
99     5.79 34.29 G WS Bottom of bank RB 

99.8     4.27 35.81 V Top of Bank RB 
104     3.19 36.89 V   
108     2.79 37.29 V Bottom of rebar RB 

108     2.33 37.75   
Top of Rebar RB (surveyed by NTI 37.75 

with Cap) 
0     2.24 37.84   Top of Rebar LB 

Note: Elevations were surveyed in NAVD88 and adjusted down 0.015' to account for rebar safety cap 
Level:DAD Rod:ESA,BCK 9/11/13  
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Figure 2-149: Cross Section R Upstream    Figure 2-150: Cross Section R Downstream 

 

Figure 2-151: Cross Section R Right Bank    Figure 2-152: Cross Section R Left Bank
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Figure 2-153: Cross Section R Side Channel Downstream    

 

Figure 2-154: Cross Section R Side Channel Right Bank    Figure 2-155: Cross Section R Side Channel Left Bank
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Figure 2-156: Cross Section R Graph 

Table 2-29: Cross Section R Survey Points 

Station (ft) BS HI FS Elevation (Ft) Bed Comments 

0 6.75 47.29   40.54   Top of rebar LB 
0     8.19 39.10 B Ground at Rebar  
8     14.3 32.99 B WS LB 

13     18.37 28.92 B   
16     19.36 27.93 B   
30     17.74 29.55 GC   

38.5     15.71 31.58 GC   
54.2     14.39 32.90 GC WS RB 
84.3     12.92 34.37 GC Edge of Veg 
96     10.4 36.89 V    

110     9.4 37.89 V    
119     9.09 38.20   Ground at Rebar RB 

119     7.51 39.78   
Top of rebar RB (surveyed by 

NTI 39.79 with Cap 
0     6.75 40.54   Top Rebar LB 

Note: Elevations were surveyed in NAVD88 and adjusted down 0.015' to account for rebar safety 
cap 
Level:DAD Rod:ESA,BCK 9/11/13  
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Table 2-30: Cross Section R Side Channel Survey Points 

Station (ft) Adj Station (ft) BS HI FS Elevation (ft) Bed Comments 

0 119 3.26 43.05   39.79   

Top of rebar RB 
(surveyed by NTI 39.79 

with Cap 
TP1       6.99 36.06     
TP1   6.82 42.88   36.06     
72.2 191.2     4.79 38.09 F   
78 197     9.44 33.44 G Bottom of Bank 
82 201     9.42 33.46 G   
78 197     9.15 33.73   WS 

87.5 206.5     9.09 33.79   WS 
93 212     8.48 34.40 G   
99 218     9.14 33.74 G WS 

106 225     8.42 34.46 FG Bottom of bank 
112 231     6.99 35.89 F   
120 239     7.44 35.44 F   

124.5 243.5     6.57 36.31   
Bottom of pin RB Side 

Channel 

124.5 243.5     5.15 37.73   
Top of rebar RB side 

channel 
TP1       6.82 36.06     
TP1   6.87 42.934         

0 119     3.13 39.80   Top of rebar RB 
Elevations were surveyed in NAVD88 with rebar safety cap 
Level: ESA Rod: BCK  9/23/13 
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Figure 2-157: Cross Section S Upstream    Figure 2-158: Cross Section S Downstream 

 

Figure 2-159: Cross Section S Right Bank    Figure 2-160: Cross Section S Left Bank
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Figure 2-161: Cross Section S Side Channel Downstream 

 

Figure 2-162: Cross Section S Side Channel Right Bank    Figure 2-163: Cross Section S Side Channel Left Bank
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Figure 2-164: Cross Section S Graph 

Table 2-31: Cross Section S Survey Points 

Station (ft) BS HI FS Elevation (ft) Bed Comments 

0 0.97 36.89   35.92   Top of Rebar LB 
0     2.5 34.39 V Ground at Rebar 
6     3.74 33.15 C Bottom of Bank 

16     4.99 31.90 C WS LB 
25     6.32 30.57 C   
35     6.66 30.23 C Thalweg 
44     6.46 30.43 C   
58     6.41 30.48 C   
67     5.76 31.13 C   
77     5 31.89 C WS RB 
94     4.78 32.11 GC   

105     4.71 32.18 G   
109     5.03 31.86 G   

130.5     3.51 33.38 GV   
141.2     1.71 35.18   Ground at Rebar RB 

141.2     1.1 35.79   
Top of Rebar RB (surveyed by NTI 35.81 

with cap) 
0     0.97 35.92   Top of Rebar LB 

Note: Elevations were surveyed in NAVD88 and adjusted down 0.015' to account for rebar safety cap 
Level:DAD Rod:ESA,BCK 9/11/13  
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Table 2-32: Cross Section S Side Channel Survey Points 

Station (ft) Adj Station (ft) BS HI FS Elevation (ft) Bed Comments 

0 141.2 2.76 38.57   35.81 V 
Top of Rebar RB (surveyed by 

NTI 35.81 with cap) 
0 141.2     3.33 35.24 V Bottom of rebar RB 
7 148.2     3.09 35.48 V   

10 151.2     4.78 33.79     
26 167.2     4.17 34.40 F   
31 172.2     4.13 34.44 F Thalweg 
37 178.2     5.23 33.34 F   
41 182.2     5.25 33.32     
44 185.2     4.82 33.75 V   

45.7 186.9     4.23 34.34   ground at rb side channel 
0 141.2     2.76 35.81   Top of Rebar RB 

Elevations were surveyed in NAVD88 with rebar safety cap 
Level: ESA Rod: BCK  9/23/13 



Lower Dungeness River Ecosystem Restoration: River Cross Section Survey of RM 0-3.0 H&H Appendix 

USACE Seattle District  86  October, 2013 
  

 

Figure 2-165: Cross Section T Upstream    Figure 2-166: Cross Section T Downstream 

 

Figure 2-167: Cross Section T Right Bank    Figure 2-168: Cross Section T Left Bank
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Figure 2-169: Cross Section T Graph 

Table 2-33: Cross Section T Survey Points 

Station (ft) BS HI FS Elevation (ft) Bed Comments 

0 3.18 38.88   35.70   Top of Rebar LB 
0     4.28 34.60   Ground at Rebar LB 

15     5.39 33.49   Top of Bank 
16     7.14 31.74     
23     8.45 30.43   Bottom of Bank 
38     9.18 29.70 C   

54.5     8.84 30.04 C   
57.5     9.86 29.02 C WS 
64     11.4 27.48 C   
74     11.08 27.80 C   
84     10.12 28.76 C   
92     10.95 27.93 C   

103     12.2 26.68 G   
106     11.8 27.08 FS WS 
107     9.65 29.23   Bottom of Bank 
108     8.19 30.69     

114.5     4.74 34.14   Bottom of Rebar Top of Bank 

114.5     4.15 34.73   
Top of Rebar RB (surveyed by NTI 

34.74 with Cap) 
0     3.18 35.70     

Note: Elevations were surveyed in NAVD88 and adjusted down 0.015' to account for rebar safety cap 
Level:ESA Rod:DAD,BCK 9/11/13  
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Figure 2-170: Cross Section U Upstream    Figure 2-171: Cross Section U Downstream 

 

Figure 2-172: Cross Section U Right Bank    Figure 2-173: Cross Section U Left Bank
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Figure 2-174: Cross Section U Side Channel Downstream 

 

Figure 2-175: Cross Section U Side Channel Right Bank    Figure 2-176: Cross Section U Side Channel Left Bank
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Figure 2-177: Cross Section U Graph 

Table 2-34: Cross Section U Survey Points 

Station (ft) BS HI FS Elevation (ft) Bed Comments 

0 4.62 36.91   32.29   Top of Rebar LB 
0     5.27 31.64   Ground at Rebar LB 

16     5.34 31.57 C Mid Bank 
27     6.34 30.57 C   
39     8.62 28.29 C WS 
56     8.91 28.00 GC   
66     11.24 25.67 C   
75     10.42 26.49 GC   
84     11.29 25.62 GC   
94     9.76 27.15 GC   

100     9.4 27.51 GS   
109     9.14 27.77 G   

115.7     8.75 28.16 V WS 
120     4.99 31.92   Top of Bank 
126     3.4 33.51   Ground at Rebar RB 

126     2.96 33.95   
Top of Rebar RB (surveyed by NTI 

33.96 with Cap) 
0     4.64 32.27   Top of Rebar LB 

Note: Elevations were surveyed in NAVD88 and adjusted down 0.015' to account for rebar safety 
cap 
Level:ESA Rod:DAD,BCK 9/11/13  
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Table 2-35: Cross Section U Side Channel Survey Points 

Station (ft) Adj Station (ft) BS HI FS Elevation (ft) Bed Comments 

0 126 4.31 38.27   33.96   

Top of Rebar RB Main 
Channel (surveyed by 
NTI 33.96 with Cap) 

40 166     5.28 32.99 FV   
47 173     6.67 31.60 FV   
58 184     5.07 33.20 FV   
98 224     4.34 33.93 FV   

128 254     4.46 33.81     
139.5 265.5     6.4 31.87     

152 278     4.46 33.81   
Bottom of pin RB side 

channel 

152 278     3.22 35.05   
Top of pin RB side 

channel 
0 126     4.31 33.96     

Elevations were surveyed in NAVD88 with rebar safety cap 
Level: ESA Rod: BCK  9/23/13 
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Figure 2-178: Cross Section V Upstream    Figure 2-179: Cross Section V Downstream 

 

Figure 2-180: Cross Section V Right Bank    Figure 2-181: Cross Section V Left Bank
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Figure 2-182: Cross Section V Side Channel Upstream   Figure 2-183: Cross Section V Side Channel Downstream 

 

Figure 2-184: Cross Section V Side Channel Right Bank    Figure 2-185: Cross Section V Side Channel Left Bank
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Figure 2-186: Cross Section V Graph 
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Table 2-36: Cross Section V Survey Points 

Station (ft) BS HI FS Elevation (ft) Bed Comments 

0 5.11 36.58   31.47   Top of Rebar on LB of side channel 
0     6.06 30.51 V ground at rebar LB of side channel 

4.5     6.81 29.77   top of bank grass veg 
7.5     10.29 26.29   WS 
10     11.47 25.11 F   
13     12.25 24.33 F Thalweg of side channel 
19     10.09 26.49 F WS 
32     4.46 32.12 V Top of Bank   

42.5     4.1 32.48 V Ground at rebar LB of main channel 
42.5     3.12 33.46   top of pin at LB main channel 
50     5.04 31.54 V top of bank 

55.5     9.54 27.04   bottom of bank WS 
63     10.45 26.13     
71     9.02 27.56 GC   
85     8.51 28.07 GC WS 

103     8.7 27.88 G   
120     9.02 27.56 C   
143     9.35 27.23 C   
154     10 26.58 C   
177     8.5 28.08 C   

187.5     5.86 30.72   Bottom of bank   
192     4.81 31.77   ground at rb pin grass 
192     4.35 32.23   top of rebar rb 

0     5.11 31.47   top of pin LB side channel 
Note: Elevations were surveyed in NAVD88 and adjusted down 0.015' to account for rebar safety 
cap 
Level:ESA Rod:DAD,BCK 9/11/13  
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Figure 2-187: Cross Section W Upstream    Figure 2-188: Cross Section W Downstream 

 

Figure 2-189: Cross Section W Right Bank    Figure 2-190: Cross Section W Left Bank
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Figure 2-191: Cross Section W Right Side Channel Upstream  Figure 2-192: Cross Section W Right Side Channel Downstream 

 

Figure 2-193: Cross Section W Right Side Channel Right Bank   Figure 2-194: Cross Section W Right Side Channel Left Bank
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Figure 2-195: Cross Section W Left Side Channel Upstream  Figure 2-196: Cross Section W Left Side Channel Downstream 

 

Figure 2-197: Cross Section W Left Side Channel Right Bank   Figure 2-198: Cross Section W Left Side Channel Left Bank
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Figure 2-199: Cross Section W Graph 
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Table 2-37: Cross Section W Survey Points 

Station (ft) BS HI FS 
Elevation 

(ft) Bed Comments 

45 4.76 35.96   31.20   Top of Dog Leg Rebar on Island 

217.5     4.77 31.19   
Top of Rebar RB of Main Channel (surveyed 

by NTI 31.20 with Cap) 
217.5     6.25 29.71   Ground at Rebar RB of Main Channel 
167     4.81 31.15 S Top of Bank 
158     5.43 30.53 S   
144     9.28 26.68 GS Bottom of Bank 

137.5     10.06 25.90 S WS 
133.5     10.73 25.23 G   
128.4     10.03 25.93 G WS 
117     9.14 26.82 G   

109.5     9.89 26.07 G WS 
101     10.43 25.53 G   
84     12.1 23.86 C   
77     11.68 24.28 G   
63     10.03 25.93 G   
56     9.76 26.20 GS WS 
53     9.27 26.69   Bottom of Bank 
49     7.95 28.01   Top of Bank 
45     7.57 28.39 V Bottom of Dog Leg Rebar  
45     4.76 31.20   Top of Dog Leg Rebar on Island 
45 2.65 33.849   31.20   Top of Dog Leg Rebar on Island 
38     3.96 29.89     

31.5     7.6 26.25 FC WS 
15     10.31 23.54 F   
6     9.61 24.24 F   
4     7.74 26.11 V WS 
0     5.16 28.69   Top of bank ground at LB side channel Rebar 
0     4.72 29.13   Top of LB side channel rebar 

45     2.65 31.20   Top of Pin Dog leg Rebar 
Note: Elevations were surveyed in NAVD88 and adjusted down 0.015' to account for rebar safety cap 
Level:ESA Rod:DAD,BCK 9/11/13  
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Table 2-38: Cross Section W Side Channel Survey Points 

Station 
(ft) 

Adj Station 
(ft) BS HI FS 

Elevation 
(ft) Bed Comments 

0 217.5 4.61 35.81   31.20   

Top of Rebar RB of Main 
Channel (surveyed by NTI 31.20 

with Cap) 

0 217.5     6 29.81 V 
Ground at rebar RB main 

channel W 
15 232.5     6.29 29.67 F Top of bank 
19 236.5     7.7 28.26 V   
36 253.5     7.71 28.25     

42.3 259.8     8.62 27.34 F Invert 
44.4 261.9     8.64 27.32     
47 264.5     6.86 29.10 F   
50 267.5     5.71 30.25 F Top of bank RB 
54 271.5     5.35 30.61   Ground at dogleg rebar 
54 271.5     5.13 30.83   Top of dogleg rebar 
76 293.5     5.07 30.89     

101 318.5     5.03 30.93     
121 338.5     5.58 30.38     
141 358.5     5.59 30.37     
152 369.5     6.3 29.66 VF   
161 378.5     7.71 28.25 VF   
166 383.5     8.21 27.75 VF Invert 
169 386.5     7.95 28.01 VF   
175 392.5     6 29.96 VF   

179.5 397     4.88 31.08 VF 
Ground at rebar RB on federal 

levee 

179.5 397     3.96 32.00   
Top of rebar RB on federal 

levee 
0 217.5     4.61 31.35   Top of RB main channel rebar 

Elevations were surveyed in NAVD88 with rebar safety cap 
Level: ESA Rod: BCK  9/24/13 
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Figure 2-200: Cross Section X Upstream    Figure 2-201: Cross Section X Downstream 

 

Figure 2-202: Cross Section X Right Bank    Figure 2-203: Cross Section X Left Bank
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Figure 2-204: Cross Section X Side Channel Upstream   Figure 2-205: Cross Section X Side Channel Downstream 

 

Figure 2-206: Cross Section X Side Channel Right Bank    Figure 2-207: Cross Section X Side Channel Left Bank
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Figure 2-208 Cross Section X Graph 
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Table 2-39: Cross Section X Survey Points 

Station (ft) BS HI FS Elevation (ft) Bed Comments 

197 2.65 34.55   31.90   
Top of Rebar RB (surveyed by NTI 

31.92 with Cap) 
197     4.74 29.81   Ground at Rebar 
189     7.65 26.90   Top of Bank 

187.7     9.53 25.02 B WS 
185.6     12.65 21.90 BC   
179     12.41 22.14 C   
168     11.35 23.20 CG   
157     11.32 23.23 S   
146     10.3 24.25 C   
139     9.58 24.97 CS WS 
121     8 26.55 CG   
102     6.94 27.61 C   
86     5.88 28.67 CG   
58     4.87 29.68 G   
50     7.52 27.03 CG   
37     8.46 26.09 CG   
23     8.27 26.28 C WS 
15     8.62 25.93 G   
9     9.3 25.25 FG   

1.5     8.46 26.09   WS 
0     6.83 27.72 F Bottom of LB Rebar 
0     5.77 28.78   Top of LB Rebar 

197     2.65 31.90   Top of RB Rebar 
Note: Elevations were surveyed in NAVD88 and adjusted down 0.015' to account for rebar safety 
cap 
Level:ESA Rod:DAD,BCK 9/12/13  
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Figure 2-209: Cross Section Y Upstream    Figure 2-210: Cross Section Y Downstream 

 

Figure 2-211: Cross Section Y Right Bank    Figure 2-212: Cross Section Y Left Bank
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Figure 2-213: Cross Section Y Right Side Channel Upstream  Figure 2-214: Cross Section Y Right Side Channel Downstream 

 

Figure 2-215: Cross Section Y Right Side Channel Left Bank
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Figure 2-216: Cross Section Y Left Side Channel Upstream   Figure 2-217: Cross Section Y Left Side Channel Downstream 

 

Figure 2-218: Cross Section Y Left Side Channel Left Bank
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Figure 2-219: Cross Section Y Graph 
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Table 2-40: Cross Section Y Survey Points 

Station (ft) BS HI FS Elevation (ft) Bed Comments 

0 1.97 30.88   28.91   
Top of Rebar LB (surveyed by 

NTI 28.92 with Cap) 
0     3 27.88 F Ground at Rebar LB 

25     2.74 28.14 V   
43     3.31 27.57 V   
59     4.76 26.12   Bottom of Bank 
74     5.64 25.24 SG   

77.5     6.32 24.56 S WS 
82     8.2 22.68 C    
83     10.12 20.76     
91     10.55 20.33     

103.4     10.86 20.02 G   
105.5     10.62 20.26     
111.3     9.73 21.15 SF   
116     7.59 23.29     
124     6.35 24.53   WS 
130     6.05 24.83 G   

133.5     6.33 24.55 G WS 
136.7     7.12 23.76 S   
149     6.39 24.49   WS 
150     5.05 25.83   Top of Bank 
160     4.19 26.69 V   

165.7     4.68 26.20 V   
169     6.51 24.37 F WS 
175     8.49 22.39 F   
TP1     1.86 29.02     
TP1 1.66 30.68         

180.5     7.33 23.35   WS Not a Bed Elevation 
180.5     6.33 24.35     
186     3.14 27.54   Ground at Rebar RB 
186     2.6 28.08   Top of Rebar RB 

0     1.79 28.89     
Note: Elevations were surveyed in NAVD88 and adjusted down 0.015' to account for rebar safety 
cap 
Level:ESA Rod:DAD,BCK 9/12/13  
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Table 2-41: Cross Section Y Side Channel Survey Points 

Station 
(ft) 

Adj Station 
(ft) BS HI FS 

Elevation 
(ft) Bed Comments 

0 186 10.71 38.80   28.09   
Top of rebar RB main 

channel 
0 186     10.96 27.84   ground at rebar RB 

20 206     11.25 27.55 FS   
30 216     10.59 28.21 F   
40 226     10.47 28.33 F Top of Bank 
47 233     11.61 27.19 F   
55 241     14.02 24.78 F Center of Side Channel 
59 245     12.95 25.85 F   
68 254     10.06 28.74 V Ground at rebar RB SC 

0 186     10.71 28.09   
Top of rebar RB main 

channel 
Elevations were surveyed in NAVD88 with rebar safety cap 
Level: ESA Rod: BCK  9/23/13 
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Figure 2-220: Cross Section Z Upstream    Figure 2-221: Cross Section Z Downstream 

 

Figure 2-222: Cross Section Z Right Bank    Figure 2-223: Cross Section Z Left Bank
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Figure 2-224: Cross Section Z Right Side Channel Downstream 

 

Figure 2-225: Cross Section Z Right Side Channel Right Bank   Figure 2-226: Cross Section Z Right Side Channel Left Bank
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Figure 2-227: Cross Section Z Left Side Channel Upstream  Figure 2-228: Cross Section Z Left Side Channel Downstream 

 

Figure 2-229: Cross Section Z Left Side Channel Right Bank   Figure 2-230: Cross Section Z Left Side Channel Left Bank
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Figure 2-231 Cross Section Z Graph 
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Table 2-42: Cross Section Z Survey Points 

Station (ft) BS HI FS 
Elevation 

(ft) Bed Comments 

181.7 2.58 31.28   28.70   
Top of Rebar first channel RB 

(surveyed by NTI 28.70 with Cap) 
181.7     3.51 27.77 F Ground at Rebar RB 
174.6     5.19 26.09   Top of Bank 
169.5     8.06 23.22   Bottom of bank WS 
164.5     7.81 23.47 G   
159.2     7.94 23.34 G   
148     8.64 22.64 G   

143.2     9.26 22.02 G   
141.7     7.85 23.43 F WS 
138     7.05 24.23   Bottom of bank   
127     5.33 25.95 F   
118     4.98 26.30 FS   
108     5.72 25.56 F   
97     4.64 26.64 F   

92.6     4.76 26.52 F   
91     6.11 25.17 G Bottom of Mid Channel Bar Bank 

66.8     6.81 24.47 C   
31     7.99 23.29 C   

25.6     8.92 22.36 C WS 
11     10.97 20.31 C   
5     10.92 20.36 G   
3     8.93 22.35 V WS 

2.6     7.16 24.12   Bottom of Bank 
0     5.59 25.69 F Bottom of rebar LB 
0     4.69 26.59   Top of Rebar LB 

181.7     2.58 28.70   Top of Rebar RB 
Elevations were surveyed in NAVD88 with rebar safety cap 
Level: ESA Rod: BCK JLJ  9/12/13 
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Table 2-43: Cross Section Z Side Channel Survey Points 

Station 
(ft) 

Adj Station 
(ft) BS HI FS 

Elevation 
(ft) Bed Comments 

0 181.7 3.59 32.29   28.70   

Top of Rebar first channel RB 
(surveyed by NTI 28.70 with 

Cap) 

0 181.7     4.48 27.81   
RB of first side channel rebar 

ground 
10 191.7     5.02 27.27 V   
24 205.7     5.25 27.04 V   

29.8 211.5     5.85 26.44 V   
32 213.7     6.55 25.74 F   
34 215.7     8.06 24.23 F   

35.5 217.2     9.86 22.43 F Ws 
36 217.7     12.28 20.01 F   
40 221.7     11.81 20.48 F   
49 230.7     10.59 21.70 G   
55 236.7     11.04 21.25 F   
63 244.7     9.86 22.43 F Ws 
65 246.7     9.39 22.90 F   
66 247.7     7.93 24.36     
70 251.7     7.23 25.06     

74.4 256.1     5.74 26.55   ground at rebar RB of 2nd 
74.4 256.1     5.4 26.89   top of rebar side channel 

0       3.58 28.71   
top of rebar RB of 1st side 

channel 
Elevations were surveyed in NAVD88 with rebar safety cap 
Level: ESA Rod: BCK  9/23/13 
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Figure 2-232: Cross Section AA Upstream    Figure 2-233: Cross Section AA Downstream 

 

Figure 2-234: Cross Section AA Right Bank    Figure 2-235: Cross Section AA Left Bank
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Figure 2-236: Cross Section AA Side Channel Upstream   Figure 2-237: Cross Section AA Side Channel Downstream 

 

Figure 2-238: Cross Section AA Side Channel Right Bank    Figure 2-239: Cross Section AA Side Channel Left Bank
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Figure 2-240: Cross Section AA Graph 
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Table 2-44: Cross Section AA Survey Points 

Station (ft) BS HI FS Elevation (ft) Bed Comments 

135.2 1.87 27.83   25.96   

Top of Rebar RB side channel w 
cap (surveyed by NTI 25.96 with 

Cap) 
135.2     2.63 25.20   Ground at rebar 
129.5     4.26 23.57   top of bank RB side channel 
121.3     6.23 21.60 G ws rb side channel 
115.8     7.17 20.66 G   
104.2     7.89 19.94 G   
104.2     6.26 21.57   WS LB side channel 
103.5     4.79 23.04 V top of bank LB side channel 
96.5     2.59 25.24 V   
92.8     3.25 24.58 V top of bank 
91     4.87 22.96 G bottom bank rb main channel 

77.5     5.3 22.53 C   
65.4     5.91 21.92 C ws rb main channel 
44.7     6.78 21.05 C   
40     6.9 20.93 C   

28.8     6.39 21.44 C   
15     6.46 21.37 C   
9.4     6.87 20.96 G   
3.3     7.59 20.24 GF   
2.6     6.19 21.64 F WS LB Main channel 
0     4.06 23.77   Ground at rebar LB 
0     1.78 26.05   top of rebar LB 

135.2     1.78 26.05   Top of rebar RB with cap 
Elevations were surveyed in NAVD88 with rebar safety cap 
Level: DAD Rod:JLJ  9/12/13 
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Table 2-45: Cross Section AA Side Channel Survey Points 

 

Station 
(ft) 

Adj Station 
(ft) BS HI FS 

Elevation 
(ft) Bed Comments 

0 135.2 4.12 30.08   25.96   
Top of rebar RB SC 1 (surveyed by 

NTI 25.96 with Cap) 
51 186.2     3.27 26.81 V   
61 196.2     4.31 25.77 V   
88 223.2     3.21 26.87 V   

106 241.2     5.29 24.79     
118 253.2     4.76 25.32   Top of Bank 

119.5 254.7     6.15 23.93   Mid Bank 
122 257.2     9.01 21.07 F WS 

126.5 261.7     10.1 19.98     
131 266.2     10.69 19.39     
136 271.2     11.45 18.63     

137.5 272.7     9.56 20.52     
137.5 272.7     8.9 21.18     
141 276.2     6.45 23.63     
153 288.2     5.13 24.95     

160.5 295.7     6.04 24.04 V   
163 298.2     8.89 21.19 GS WS 

166.5 301.7     9.1 20.98 GS   
168 303.2     9.3 20.78 GS   
170 305.2     8.89 21.19   WS 

171.4 306.6     8.02 22.06 F   
172 307.2     5.69 24.39   Top of rebar RB 3rd SC 
172 307.2     6.37 23.71   Ground at rebar 3rd SC 

0 135.2     4.11 25.97   Top of rebar RB SC 1 
Elevations were surveyed in NAVD88 with rebar safety cap 
Level: ESA Rod: BCK  9/24/13 
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Figure 2-241: Cross Section AB Upstream    Figure 2-242: Cross Section AB Downstream 

 

Figure 2-243: Cross Section AB Right Bank    Figure 2-244: Cross Section AB Left Bank
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Figure 2-245: Cross Section AB Right Side Channel Upstream   

 

Figure 2-246: Cross Section AB Right Side Channel Right Bank   
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Figure 2-247: Cross Section AB Left Side Channel Upstream  Figure 2-248: Cross Section AB Left Side Channel Downstream 

 

Figure 2-249: Cross Section AB Left Side Channel Left Bank
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Figure 2-250: Cross Section AB Graph 
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Table 2-46: Cross Section AB Survey Points 

Station (ft) BS HI FS Elevation (ft) Bed Comments 

136.6 4.42 28.73   24.31   
RB Top of Rebar (surveyed by NTI 24.31 

with Cap) 
136.6     4.79 23.94 S RB Ground at Rebar 
130     4.81 23.92 VS Top of Bank 

127.2     6.89 21.84 V Bottom of Bank 
126     7.92 20.81   WS 
125     8.7 20.03 C   

117.5     8.65 20.08 G   
105     7.69 21.04 C   
94     8.08 20.65 GC   
88     7.64 21.09 GC WS 

86.6     7.22 21.51 V Bottom of Bank 
81     6.2 22.53 V   
63     5.15 23.58 CV Top of Bank 
46     5.36 23.37 V Bottom of Bank 
35     8.29 20.44 C WS 
26     10.05 18.68 GC   
10     10.19 18.54 GC   
4.8     10.52 18.21 F   
2     8.37 20.36 V WS 
0     5.97 22.76 V Ground at Rebar LB 
0     5.26 23.47   Top of Rebar LB 

136.6     4.42 24.31   Top of Rebar RB 
Elevations were surveyed in NAVD88 with rebar safety cap 
Level: ESA Rod:BCK  9/12/13 
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Table 2-47: Cross Section AB Side Channel Survey Points 

Station 
(ft) 

Adj Station 
(ft) BS HI FS 

Elevation 
(ft) 

Be
d Comments 

N/A   6.12 30.51   24.39   Top of rebar RB AA SC #3 
170 306.6     7.35 23.16   Top of rebar AB SC #3 
170 306.6     7.83 22.68   ground at AB RB SC Rebar 

168.5 305.1     9.04 21.47 F   
166.5 303.1     9.87 20.64 F WS NOT A BED ELEVATION 

163.5 300.1     
11.0

2 19.49 F   

162 298.6     
11.0

6 19.45 FS   
159 295.6     9.84 20.67   WS 
157 293.6     7.93 22.58     
153 289.6     6 24.51   Top of Bank 
148 284.6     5.3 25.21     
127 263.6     4.5 26.01     
118 254.6     4.39 26.12     
109 245.6     8.37 22.14     
104 240.6     8.84 21.67 V   

103.8 240.4     9.74 20.77   WS 

102.7 239.3     
10.3

8 20.13 GS   

100 236.6     
11.3

9 19.12 GS   

96 232.6     
12.1

9 18.32 GS   

93 229.6     
12.1

7 18.34     
92.4 229     9.63 20.88   WS NOT A BED ELEVATION 
91 227.6     7.43 23.08 V   
86 222.6     4.1 26.41     

81.4 218     4.12 26.39     

/       6.11 24.40   
top of rebar RB side channel of xs 

AA SC #3 
Elevations were surveyed in NAVD88 with rebar safety cap 
Level: ESA Rod: BCK  9/24/13 
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Figure 2-251: Cross Section AC Upstream    Figure 2-252: Cross Section AC Downstream 

 

Figure 2-253: Cross Section AC Right Bank    Figure 2-254: Cross Section AC Left Bank
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Figure 2-255: Cross Section AC Graph 

Table 2-48: Cross Section AC Survey Points 

Station (ft) BS HI FS Elevation (ft) Bed Comments 

92.2 1.37 24.36   22.99   
Top of Rebar RB (surveyed by NTI 22.99 

with Cap) 
92.2     1.89 22.47 F Ground at Rebar RB 
87.7     2.32 22.04 V Top of Bank 
86.4     5.95 18.41 FS Bottom of Bank 
84.1     6.05 18.31 FS WS 
77.5     6.74 17.62 F   
72     6.99 17.37 SG   
55     7.65 16.71 GC   
32     7.52 16.84 GC   
25     8.01 16.35 C   
17     6.01 18.35 S WS 
15     5.22 19.14 CV   
7     5.04 19.32 C   
2     3.62 20.74 C Bottom of Bank 
0     2.01 22.35 VC Ground at Pin LB 
0     0.25 24.11   Top of Rebar at LB 

92.2     1.36 23.00   Top of Rebar at RB 
Elevations were surveyed in NAVD88 with rebar safety cap 
Level: ESA Rod:BCK  9/12/13 

 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

0 20 40 60 80 100 

El
ev

at
io

n 
(ft

, N
AV

D8
8)

 

Station (ft) 

Bed Water Surface 



Lower Dungeness River Ecosystem Restoration: River Cross Section Survey of RM 0-3.0 H&H Appendix 

USACE Seattle District  131  October, 2013 
  

 

Figure 2-256: Cross Section AD Upstream    Figure 2-257: Cross Section AD Downstream 

 

Figure 2-258: Cross Section AD Right Bank    Figure 2-259: Cross Section AD Left Bank



Lower Dungeness River Ecosystem Restoration: River Cross Section Survey of RM 0-3.0 H&H Appendix 

USACE Seattle District  132  October, 2013 
  

 

Figure 2-260: Cross Section AD Graph 

Table 2-49: Cross Section AD Survey Points 

Station (ft) BS HI FS Elevation (ft) Bed Comments 

108 0.86 22.719   21.86   
Top Rebar RB with Cap (surveyed by 

NTI 21.86 with Cap) 
108     1.58 21.14   Ground at rebar RB 

103.8     2.04 20.68 F Top Bank RB 
98.7     4.57 18.15   WS RB 
86     5.29 17.43 C   
73     5.51 17.21 G   
57     5.73 16.99 G   
49     5.8 16.92 C   

38.4     5.09 17.63 G   
22.8     5.16 17.56 C   
13.9     5.87 16.85 G   
1.4     5.21 17.51 F   
1.4     4.56 18.16   WS LB 
0.5     2.04 20.68   Top of bank LB 
0     1.08 21.64   Top of Rebar LB 

108     0.86 21.86   Top of Rebar RB 
Elevations were surveyed in NAVD88 with rebar safety cap 
Level: DAD Rod:JLJ  9/12/13 
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Figure 2-261: Cross Section AE Upstream    Figure 2-262: Cross Section AE Downstream 

 

Figure 2-263: Cross Section AE Right Bank    Figure 2-264: Cross Section AE Left Bank
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Figure 2-265: Cross Section AE Graph 

Table 2-50: Cross Section AE Survey Points 

Station (ft) BS HI FS Elevation (ft) Bed Comments 

0 9.67 29.33   19.66   Top of rebar LB 
0     10.4 18.93 V Ground at Rebar LB 

3.6     11.54 17.79 V Bottom of Bank 
14     13.05 16.28 C   
24     13.63 15.70 C WS 
43     14.87 14.46 C   
49     15.42 13.91 C   
57     14.5 14.83 C   
68     14.87 14.46 C   

73.3     14.49 14.84 C   
74.7     13.56 15.77   WS Not a Bed Elevation 
75     11.48 17.85   Bottom of Bank 

77.5     9.43 19.90 V   
79.6     7.55 21.78 V Ground at rebar RB 

79.6     6.76 22.57   
Top of Rebar RB (surveyed by NTI 22.57 

with Cap) 
0     9.67 19.66   Top of rebar LB 

Elevations were surveyed in NAVD88 with rebar safety cap 
Level: ESA Rod:BCK  9/12/13 
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Figure 2-266: Cross Section AF Upstream    Figure 2-267: Cross Section AF Downstream 

 

Figure 2-268: Cross Section AF Right Bank    Figure 2-269: Cross Section AF Left Bank
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Figure 2-270: Cross Section AF Graph 

Table 2-51: Cross Section AF Survey Points 

Station 
(ft) BS HI FS 

Elevation 
(ft) Bed Comments 

125.2 1.91 22.87   20.96   
Top of Rebar RB with Cap (surveyed by NTI 

20.96 with Cap) 
125.2     2.49 20.38   Ground at Rebar RB 
116.4     4.66 18.21 V   
111.6     5.47 17.40 F Bottom Bank RB 
100.7     7.49 15.38 G WS RB 
81.5     8.23 14.64 C   
56     8.41 14.46 C   

37.3     8.16 14.71 G   
26.2     8.64 14.23 G   
21.3     9.15 13.72 C   
18.1     8.1 14.77 S WS LG 
14.4     6.98 15.89 F   
5.1     2.09 20.78   Top of Bank LB 
0     1.21 21.66   Ground at Rebar LB 
0     0.39 22.48   Top of rebar LB 

125.2     1.91 20.96   Top of Rebar RB  
Elevations were surveyed in NAVD88 with rebar safety cap 
Level: DAD Rod:JLJ  9/12/13 
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Figure 2-271: Cross Section AG Upstream    Figure 2-272: Cross Section AG Downstream 

 

Figure 2-273: Cross Section AG Right Bank    Figure 2-274: Cross Section AG Left Bank
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Figure 2-275: Cross Section AG Graph 

Table 2-52: Cross Section AG Survey Points 

Station (ft) BS HI FS Elevation (ft) Bed Comments 

0 2.81 21.29   18.48   Top of Rebar LB 
0     4.09 17.20 F Ground at Rebar LB 
4     5.86 15.43 F   

11     7.16 14.13 F WS 
15     8.57 12.72 F   
19     9.01 12.28 C    
29     8.41 12.88 C   

47.5     7.24 14.05 C WS 
66     5.53 15.76 CG Bottom of Bank 

77.6     2.72 18.57 S   
81     1.95 19.34 S Top of bank 
86     1.91 19.38 S Ground at Rebar RB 

86     1.2 20.09   
Top of Rebar RB (surveyed by NTI 20.09 

with Cap) 
0     2.81 18.48   Top of Rebar LB 

AH RB 
Rebar     2.49 18.80     

Elevations were surveyed in NAVD88 with rebar safety cap 
Level: ESA Rod:BCK  9/12/13 
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Figure 2-276: Cross Section AH Upstream    Figure 2-277: Cross Section AH Downstream 

 

Figure 2-278: Cross Section AH Right Bank    Figure 2-279: Cross Section AH Left Bank
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Figure 2-280: Cross Section AH Graph 

Table 2-53: Cross Section AH Survey Points 

Station (ft) BS HI FS Elevation (ft) Bed Comments 

80.7 1.22 20.34   19.12   
Top of rebar RB with Cap (surveyed by 

NTI 19.12 with Cap) 
80.7     1.76 18.58   Ground at Rebar RB 
76     3.16 17.18 B Rip Rap 

72.8     6.8 13.54 B WS RB 
69.8     10.36 9.98 B Rip Rap 
60.7     10.54 9.80 G   
49     9.05 11.29 C   

42.5     6.84 13.50 C WS LB 
37     5.26 15.08 C   

21.8     5.48 14.86 G   
17     6.36 13.98 C   
7.1     5.85 14.49 F   
2.7     4.17 16.17 FV   
0     2.17 18.17 FV Ground at rebar LB 
0     1.34 19.00   Top of rebar LB 

80.7     1.22 19.12   Top of rebar RB   
Elevations were surveyed in NAVD88 with rebar safety cap 
Level: DAD Rod: JLJ  9/12/13 
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Figure 2-281: Cross Section AI Upstream    Figure 2-282: Cross Section AI Downstream 

 

Figure 2-283: Cross Section AI Right Bank    Figure 2-284: Cross Section AI Left Bank
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Figure 2-285: Cross Section AI Graph 

Table 2-54: Cross Section AI Survey Points 

Station (ft) BS HI FS Elevation (ft) Bed Comments 

93.5 5.63 33.08   27.45   
RB Rebar Top of Bank with Cap 

(Surveyed by NTI 27.45 with Cap) 
TP1     14.56 18.52     
TP1 1.62 20.14         

0     1.76 18.38   Top of Rebar LB 
0     3.25 16.89   Ground at Rebar LB 
2     4.24 15.90 V Bottom of Bank 
8     4.85 15.29 V   

18     6.21 13.93 C   
20.5     6.71 13.43 SC WS 
33     7.96 12.18 C   
44     9.66 10.48 C   
54     10.78 9.36 SC   
60     9.75 10.39 B   

60.3     6.71 13.43 B WS 
63.5     4.02 16.12 B   
66     3.39 16.75 B   

TP1     1.62 18.52     
TP1 14.96 33.48 6.04 27.44     

Elevations were surveyed in NAVD88 with rebar safety cap 
Level: ESA Rod:BCK  9/12/13 
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Figure 2-286: Cross Section AJ Upstream    Figure 2-287: Cross Section AJ Downstream 

 

Figure 2-288: Cross Section AJ Right Bank    Figure 2-289: Cross Section AJ Left Bank
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Figure 2-290: Cross Section AJ Graph 

Table 2-55: Cross Section AJ Survey Points 

Station (ft) BS HI FS Elevation (ft) Bed Comments 

89.7 3.64 21.50   17.86   
Rebar RB with Cap (surveyed by NTI 

17.86 with Cap) 
89.7     4.35 17.15   Ground at Rebar RB 
86.5     5.76 15.74 B Rip Rap 
82.5     8.2 13.30 B WS RB 
78.4     11.2 10.30 B   
61.3     10.2 11.30 G   
44.4     8.15 13.35 C WS LB 
24.8     6.37 15.13 G   
13     4.58 16.92 G   
0     4.87 16.63 V Ground at rebar LB 
0     2.77 18.73   Top of Rebar LB 

89.7     3.64 17.86   Top of rebar RB 
TP1 XS AI     2.96 18.54     

Elevations were surveyed in NAVD88 with rebar safety cap 
Level: DAD Rod:JLJ  9/12/13 
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Figure 2-291: Cross Section AK Upstream    Figure 2-292: Cross Section AK Downstream 

 

Figure 2-293: Cross Section AK Right Bank    Figure 2-294: Cross Section AK Left Bank
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Figure 2-295: Cross Section AK Graph 

Table 2-56: Cross Section AK Survey Points 

Station (ft) BS HI FS Elevation (ft) Bed Comments 

85.6 1.71 21.15   19.44   
Top of rebar RB with Cap (surveyed by 

NTI 19.44 with Cap) 
85.6     2.69 18.46 V Ground at rebar RB 
80     4.83 16.32 V Top of bank 

78.3     7.79 13.36 B WS RB 
68.4     11.62 9.53 B   
64.8     12.13 9.02 B   
58.3     12.35 8.8     
53     11.19 9.96 S   

48.3     9.03 12.12 SF   
39.5     7.8 13.35 S WS LB 
24.3     6.33 14.82 G   
11     4.93 16.22 S   
0     3.85 17.3 S Ground at Rebar LB 
0     1.73 19.42   Top of rebar LB 

85.6     1.71 19.44   Top of Rebar RB    
Elevations were surveyed in NAVD88 with rebar safety cap 
Level: DAD Rod:JLJ  9/12/13 
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Figure 2-296: Cross Section AL Upstream    Figure 2-297: Cross Section AL Downstream 

 

Figure 2-298: Cross Section AL Right Bank    Figure 2-299: Cross Section AL Left Bank
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Figure 2-300: Cross Section AL Graph 

Table 2-57: Cross Section AL Survey Points 

Station (ft) BS HI FS Elevation (ft) Bed Comments 

74.3 7.58 24.46   16.88   
Top of Rebar RB (surveyted by NTI 

16.89 with Cap) 
74.3     7.83 16.63   Ground at Rebar RB 
71     9.54 14.92 V Top of Bank RB 
69     13.38 11.08 GCS Bottom RB 
69     11.51 12.95   WS RB not Ground Elevation 
59     13.05 11.41 G   
39     12.74 11.72     
20     12.7 11.76     
11     13.1 11.36 S Pool 
4     11.52 12.94   WS Not ground Elevation 
4     11.81 12.65   Bottom of Bank LB 
0     7.44 17.02   Top of Bank LB 
0     6.64 17.82   Top of Rebar LB 

74.3     7.59 16.87   Top of Rebar RB 
Note: Elevations were surveyed in NAVD88 and adjusted down 0.015' to account for rebar safety 
cap 
Level:DAD Rod:ESA,BCK 9/9/13  
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Figure 2-301: Cross Section AM Upstream    Figure 2-302: Cross Section AM Downstream 

 

Figure 2-303: Cross Section AM Right Bank    Figure 2-304: Cross Section AM Left Bank
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Figure 2-305: Cross Section AM Graph 

Table 2-58: Cross Section AM Survey Points 

Station (ft) BS HI FS Elevation (ft) Bed Comments 

0 4.3 23.06   18.76   Top of Rebar LB 
0     5.04 18.02   Top of Bank LB 
6     12.15 10.91   Bottom of Bank 
6     10.49 12.57   WS Not a ground Elevation 

25     11.77 11.29 CG Thalweg 
50     10.79 12.27     

68.7     10.42 12.64 G WS RB 
79.8     10.23 12.83   Bottom of Bank RB 
86.5     6.7 16.36   Ground at Rebar RB 

86.5     6.18 16.88   
Top of Rebar RB (surveyed by 

NTI 16.89 with Cap) 
0     4.31 18.75   Top of Rebar LB 

Note: Elevations were surveyed in NAVD88 and adjusted down 0.015' to account for rebar safety 
cap 
Level:DAD Rod:ESA,BCK 9/9/13  
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Figure 2-306: Cross Section AN Upstream    Figure 2-307: Cross Section AN Downstream 

 

Figure 2-308: Cross Section AN Right Bank    Figure 2-309: Cross Section AN Left Bank
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Figure 2-310: Cross Section AN Graph 

Table 2-59: Cross Section AN Survey Points 

Station (ft) BS HI FS Elevation (ft) Bed Comments 

0 2.56 17.83   15.27   Top of Rebar LB 
0     3.06 14.77   Top of Bank LB 

8.5     4.88 12.95 C   
11.8     5.82 12.01 C WS LB 
16     7.39 10.44 C   
26     7.52 10.31 C   
39     8.23 9.60 G Thalweg 
47     7.59 10.24     

56.9     5.81 12.02 GC WS LB 
65     5.33 12.50     
87     4.87 12.96   Bottom of Bank RB 

93.5     3.13 14.70 V Ground at rebar RB 

93.5     2.64 15.19   
Top of rebar RB (surveyed by 

NTI 15.20 with Cap) 
0     2.56 15.27   Top of rebar LB 

Note: Elevations were surveyed in NAVD88 and adjusted down 0.015' to account for rebar safety 
cap 
Level:DAD Rod:ESA,BCK 9/9/13  
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Figure 2-311: Cross Section AO Upstream    Figure 2-312: Cross Section AO Downstream 

 

Figure 2-313: Cross Section AO Right Bank    Figure 2-314: Cross Section AO Left Bank
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Figure 2-315: Cross Section AO Graph 

Table 2-60: Cross Section AO Survey Points 

Station (ft) BS HI FS Elevation (ft) Bed Comments 

0 7.48 22.02   14.54   Top of Rebar LB 
0     8.43 13.59 V Bottom rebar Top of Bank LB 
8     9.95 12.07 G   

15     10.65 11.37 G WS LB 
31     12.17 9.85 C   

56.5     13.28 8.74 C   
63     14.29 7.73 G   
75     11.4 10.62 B Bottom of Bank RB 
78     5.58 16.44 V Top of Bank RB 

81.3     4.93 17.09 V Ground at Rebar RB 

81.3     4.32 17.70   
Top of Rebar RB (surveyed by NTI 

17.72 with Cap) 
0     7.48 14.54   Top of Rebar LB 

Note: Elevations were surveyed in NAVD88 and adjusted down 0.015' to account for rebar safety cap 
Level:DAD Rod:ESA,BCK 9/9/13  
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Figure 2-316: Cross Section AP Upstream    Figure 2-317: Cross Section AP Downstream 

 

Figure 2-318: Cross Section AP Right Bank    Figure 2-319: Cross Section AP Left Bank
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Figure 2-320: Cross Section AP Graph 

Table 2-61: Cross Section AP Survey Points 

Station (ft) BS HI FS Elevation (ft) Bed Comments 

0 9.99 24.56   14.57   Top of Rebar LB 
0     10.87 13.69 V Ground at Rebar LB 
8     11.45 13.11 C Top of Bank LB 

13     15.13 9.43 C WS LB 
17     16.26 8.30 C   
30     16.65 7.91 C   
44     15.17 9.39 C WS Left Side of Bar 
72     13.97 10.59 C   

111     14.94 9.62 G WS Right Side of Bar 
117.5     15.54 9.02     
124.5     15.35 9.21 G   
138     15.05 9.51   WS Bottom of Bank Toe of Levee 
158     4.84 19.72   Levee Top 
173     5.37 19.19   Levee Top 

178.7     7.05 17.51   Ground at Rebar   

178.7     6.71 17.85   
Top of Rebar RB (surveyed by NTI 

17.86 with Cap) 
0     9.99 14.57   Top of Rebar LB 

Note: Elevations were surveyed in NAVD88 and adjusted down 0.015' to account for rebar safety 
cap 
Level:DAD Rod:ESA,BCK 9/9/13  
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Figure 2-321: Cross Section AQ Upstream    Figure 2-322: Cross Section AQ Downstream 

 

Figure 2-323: Cross Section AQ Right Bank    Figure 2-324: Cross Section AQ Left Bank
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Figure 2-325: Cross Section AQ Side Channel Upstream   Figure 2-326: Cross Section AQ Side Channel Downstream 

 

Figure 2-327: Cross Section AQ Side Channel Right Bank    Figure 2-328: Cross Section AQ Side Channel Left Bank
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Figure 2-329: Cross Section AQ Graph 
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Table 2-62: Cross Section AQ Survey Points 

Station (ft) BS HI FS Elevation (ft) Bed Comments 

0 5.09 17.81   12.72   Ground at LB Rebar 
0     4.37 13.44   Top of Rebar LB 

8.5     8.42 9.39   Bottom of Bank 
12     10.15 7.66   WS LB Side Channel 
19     12.82 4.99 F   
30     12.08 5.73 G   
48     11.47 6.34 G   
53     10.23 7.58 G WS Left of Bar 
58     8.15 9.66     
65     7.81 10.00     

80.2     9 8.81     
94     7.6 10.21     

99.8     9.38 8.43     
119     10.55 7.26 C   
140     9.72 8.09     
156     9.49 8.32   WS Left of Bar 

163.5     10.36 7.45   WS Right of Bar 
171     12.38 5.43   Invert of Right Channel 
182     11.4 6.41   WS RB 
189     6.7 11.11   Top of bank/ ground at pin 

189     5.87 11.94   
top of rebar RB (surveyed by NTI 

11.95 with Cap) 
0     4.37 13.44   LB Rebar 

Note: Elevations were surveyed in NAVD88 and adjusted down 0.015' to account for rebar safety 
cap 
Level:DAD Rod:ESA,BCK 9/9/13  
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Table 2-63: Cross Section AQ Side Channel Survey Points 

Station 
(ft) 

Adj Station 
(ft) BS HI FS 

Elevation 
(ft) Bed Comments 

0 189 3.79 15.74   11.95   

Top of rebar RB main channel 
(surveyed by NTI 11.95 with 

Cap) 
0 189     4.57 11.17 V   

10 199     4.92 10.82 V   
32 221     4.83 10.91 V   
52 241     5.64 10.10 V   
62 251     5.12 10.62     
71 260     5.77 9.97 F   
79 268     6.61 9.13 F Invert 
87 276     6.58 9.16 F   
95 284     4.41 11.33     
97 286     3.97 11.77 V Ground at RB SC rebar 
97 286     3.15 12.59   Top of RB SC rebar 
0 189     3.79 11.95   Top of rebar RB main channel 

Elevations were surveyed in NAVD88 with rebar safety cap 
Level: ESA Rod: BCK  9/25/13 
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Figure 2-330: Cross Section AR Upstream    Figure 2-331: Cross Section AR Downstream 

 

Figure 2-332: Cross Section AR Right Bank    Figure 2-333: Cross Section AR Left Bank
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Figure 2-334: Cross Section AR Graph 

 

 

 

 

 

 

 

 

 

 

 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

0 20 40 60 80 100 120 140 160 

El
ev

at
io

n 
(ft

, N
AV

D8
8)

 

Station (ft) 

Bed Water Surface 



Lower Dungeness River Ecosystem Restoration: River Cross Section Survey of RM 0-3.0 H&H Appendix 

USACE Seattle District  164  October, 2013 
  

Table 2-64: Cross Section AR Survey Points 

Station (ft) BS HI FS Elevation (ft) Bed Comments 

138.1 4.57 16.37   11.80   

Top of rebar RB 
(surveyed by NTI 11.81 

with Cap) 
138.1     4.96 11.41   Ground at Rebar RB 
136.1     5.12 11.25 V Top of RB 
132     10.77 5.60   Bottom of RB 
120     10.42 5.95 G   

107.9     10.76 5.61     
102.9     12.17 4.20 G Invert of Pool 
94.2     9.92 6.45     
91.7     11.23 5.14   WS RB 
91.7     12.09 4.28   Bottom of Bank 
80.2     12.34 4.03 C   
64     12.22 4.15 C   
50     11.23 5.14 G WS LB 

42.4     10.66 5.71 GR   
26     10.12 6.25 V   
21     11.67 4.70   Invert   

13.3     11.28 5.09 F Bottom LB 
6     6.11 10.26   Top LB 
0     6.61 9.76   Ground at Rebar LB 

138.1     4.58 11.79   Top of rebar RB 
Note: Elevations were surveyed in NAVD88 and adjusted down 0.015' to account for rebar safety 
cap 
Level:DAD Rod:ESA,BCK 9/9/13  
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Figure 2-335: Cross Section AS Upstream    Figure 2-336: Cross Section AS Downstream 

 

Figure 2-337: Cross Section AS Right Bank    Figure 2-338: Cross Section AS Left Bank
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Figure 2-339: Cross Section AS Graph 

Table 2-65: Cross Section AS Survey Points 

Station (ft) BS HI FS Elevation (ft) Bed Comments 

116.5 4.02 13.12   9.10 V 
Top of Rebar RB (surveyed by 

NTI 9.12 with Cap) 
116.5     4.78 8.34   Ground @ Rebar RB 
104     5.04 8.08   Top of Bank RB 
96     5.46 7.66 V Edge TOB RB 

93.5     9.39 3.73 F WS RB 
90.7     10.53 2.59     
78     11.65 1.47     
54     11.78 1.34   Mid Channel Thalweg 

35.2     11.46 1.66     
19.7     11.62 1.50   Bottom of Bank 
15.5     9.3 3.82   WS 

0     4.67 8.45   Ground @ Rebar TOB LB 
116.5     4.02 9.10   Top of Rebar RB 

Note: Elevations were surveyed in NAVD88 and adjusted down 0.015' to account for rebar safety 
cap 
Level:DAD Rod:ESA,BCK 9/9/13  
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Appendix HH-7: Technical Memorandum “Comparative Hydraulic Loading 
Analysis and Levee Failure Inundation Mapping for Dungeness River 
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17 April-2013 

TECHNICAL MEMORANDUM 

From: Zac Corum, Hydraulic Engineer, EN-HH-HE 

For:  Mark Ohlstrom, Chief, EN 

Through: Dennis Fischer, Chief, EN-GB-SS 

CC:  Josh Jackson, Project Manager, CP-PM 

 Dan Katz, Chief, EN-HH-HE 

Travis Macpherson, Geotechnical Engineer, EN-GB-SS 

Subject: Comparative Hydraulic Loading Analysis and Levee Failure Inundation Mapping for 
Dungeness River Ecosystem Restoration Setback Levee Alternatives and Existing Levee 

REFERENCES 

14-Dec 2012 Technical Memorandum “Dungeness River Ecosystem Restoration Setback Levee Loading 
Analysis, Levee Failure Inundation Mapping, and Risk Management Discussion” CENWS-EN-HH-HE for 
CP-PM 

BOTTOM LINE UP FRONT (BLUF) 

 USACE Seattle District Hydraulic Engineering Section compared the potential impacts of 
hypothetical levee failures of the existing Dungeness River Federal Levee and two setback levee 
alternatives for the Dungeness River Ecosystem Restoration project.  We found that flood risks are 
lowered significantly for “likely” and “unlikely” flood events with restoration. Flooding is reduced 
because reconstruction of the levee relocates the “critical“ levee section further downstream reducing 
the amount of water that is able to leave the river when a breach occurs,  and provision of a return 
channel within the restoration site  reduces the amount of water that is able to pond upstream of the 
Sequim Dungeness Way. All restoration scenarios show a significant reduction in the duration and 
magnitude of flows overtopping Sequim Dungeness Way downstream of the breach, which reduces the 
chances that the river could wash out the road and avulse into Meadowbrook Creek following a breach 
event. River avulsion was not modeled due to high associated uncertainties and limited scope and 
budget. Relocation of the river into an inhabited area of the floodplain is viewed as a low probability 
high consequence event. The probabilities of levee breaching or avulsion were not determined but 
qualitatively are higher under existing conditions. 

The purpose of the analysis is to inform decisions on the level of analysis, design and technical review 
necessary to construct a new setback levee as part of the restoration project, and to differentiate the 
flood risks associated with the two levee setback alternatives. We assumed levee failure would occur 
due to hydraulic loading. Downstream impacts were analyzed for two major floods using a 1-
dimensional, branching unsteady flow hydraulic model. 
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The flood of record (January 2002), was simulated because it is comparable to the proposed setback 
levee design flood and other large floods likely to occur in the project life. A “worst case” or “geologic 
flood” was simulated by scaling up the January 2002 event by a factor of 2 to capture the maximum 
extent of flooding should a setback levee be overtopped and fail by a flood much larger than its design 
flood. Our analysis indicates that the amount of water diverted through a hypothetical levee breach at 
the critical sections (regions of greatest hydrostatic pressure) for the two restoration alternatives under 
a flood of comparable magnitude to the January 2002 event is 45% to 57% less than that diverted should 
the existing levee fail.  Similarly, the resulting downstream flood depths, areal extent of flooding, and 
number of structures impacted is 5% to 45% less than that experienced under the existing conditions 
scenario. The partial setback has the greatest reduction in downstream impacts, but the full setback has 
comparable benefits. Maximum flood depths at structures under the existing conditions failure scenario 
are 4.6 feet vs. 3.3 to 3.7 ft under restored conditions, indicating a reduction in risk for large but 
relatively frequent floods.  

Under worst case “geologic flood” conditions, the failure analysis suggests mixed reductions and 
increases in flood impacts due to a change in the timing of peak flows through the breaches. While peak 
flows are reduced 19 to 36%, peak structural flooding depths increase by about 1 ft (24 to 26%) due to a 
shift in the timing of the peak breach flow to coincide with the of flood event. This concern is mitigated 
by several factors: The risk of levee failure after restoration, even under worst case conditions is 
reduced significantly; the probability of the worst case event is very low; and the modeled area where 
flood impacts worsen has simplifications that exaggerate flood impacts. Also, the length of time Sequim 
Dungeness Way is overtopped drops from several days to 12 hours, greatly reducing the likelihood that 
the road would fail after a levee breach event, which significantly reduces the chances of river avulsion 
into Meadowbrook Creek. River avulsion following levee failure is a major concern as it will cause 
widespread property and infrastructure damage and loss of habitat in the existing river channel.  

Under existing conditions there appears to be a high (as yet unquantified) risk of the levee overtopping 
due to non-existent freeboard at several locations along the project reach. Overtopping will likely result 
in levee breaching given the lack of backslope protection which could drive nearly half of the river into 
Meadowbrook Creek. Modeling indicates Sequim Dungeness Way would be overtopped for several 
days, increasing the chances of the road failing and the river avulsing into Meadowbrook Creek. While 
the worst case analysis presented indicates water levels could rise above those resulting from setback 
levee failure in one area of the model near 3 Crabs Road, it is felt that the considerably higher flows and 
longer duration of flooding likely to be experienced under existing conditions is significantly more likely 
to result in failure of Sequim Dungeness Way. A resulting avulsion event would be more damaging than 
conditions analyzed herein.  For this reason we state that flood risks will be lowered significantly under 
both the worst case and “design flood” condition. 

BACKGROUND 

1. This updates the 14-December 2012 memorandum on our abbreviated hydraulic modeling 
effort. It better assesses the loading and life safety risks posed by failure of the proposed 
setback levee for the Meadowbrook alternative of the Dungeness River ecosystem restoration 
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project. This analysis was conducted at the request of the PDT manager and District Levee Safely 
Officer to help determine the level of design and technical review needed during the PED phase 
of the project.  
 

2. The purpose of this update is to directly compare the possible impacts of failure due to 
breaching of the existing levee and two setback levees alternatives. The previous memorandum 
provided insights on the preferred setback alignment (Meadowbrook Creek), but it was not 
compared with the existing levee or the partial setback alignment (Town Road).  The difference 
between the two with-project setback alignments is the length of levee required, and restored 
area. The Meadowbrook setback requires a total levee and berm length of 4,076 ft and restores 
an area of 115 acres. The Town Road setback, requires a total levee and berm length of 3,364 ft 
and restores 70 acres. The local sponsor and restoration stakeholders strongly prefer the full 
setback alignment. The restoration project vicinity map showing the various levee alignments is 
shown in Figure 1. 
 

3. Despite the existing levee having been authorized to contain the 200-year flood event, it is 
unlikely that the levee could contain a flood comparable to the January 2002 event (81-year 
recurrence interval) given the documented, ongoing river aggradation that has occurred since 
levee construction. The Corps intends to provide a levee design as part of the restoration project 
that at least maintains current levels of risk from overtopping. For the sake of this analysis the 
January 2002 event is used as a proxy for the “design flood” which has yet to be determined by 
the PDT and sponsor. 
 

4. Hydrologic and hydraulic analysis refinements recommended in the previous memo were not 
included in this analysis due to time and budgetary restrictions but should still be pursued 
during the design phase. The impact on the findings contained in this memorandum is not 
significant. 
 

5. For this levee breach analysis the term “flood risk” is used synonymously with modeled flood 
depths, discharges, area of inundation, depth of inundation at a structure, and the number of 
structures potentially flooded. Other flood risks exist at this site that were not analyzed 
quantitatively. These include the risk of the levee failing due to scour at the toe or from 
geotechnical issues and the potential for the river to avulse into Meadowbrook Creek.  
 

6. Because the Dungeness River is higher in many locations than Meadowbrook Creek, a 
prehistoric distributary channel, river avulsion through a developed floodplain is an additional 
risk associated with levee failure. Fortunately, Sequim Dungeness Way acts as a control on river 
avulsion by damming the overflow path for water downstream of the levee breach. This limits 
the amount of water that can leave the river and flow into Meadowbrook Creek.  In this analysis 
avulsion risk is treated qualitatively. Scenarios that have a larger amounts of flow going over the 
roadway for longer periods of time are viewed as having a greater chance of eroding the road 
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embankment and thus a higher risk of avulsion. Since avulsion has the potential to relocate the 
river through inhabited floodplain areas, damages to property and infrastructure are likely 
greater than under the breach scenarios discussed in this memorandum.  

LEVEE BREACH SCENARIO ANALYSIS 

1. Three levee alternatives were analyzed (see Figure 1): Existing conditions, Meadowbrook Creek 
Setback (full restoration option and sponsor preferred alternative), and the Town Road Setback 
(partial restoration option).  Two flood conditions were evaluated using new georeferenced 
HEC-RAS models for existing and with-project conditions developed for this analysis. Because 
the focus was on comparative analysis under high flow conditions and the budget was limited, 
the 2008 lidar was used as the data source for the cross sections used in the modeling. The 
quality of the resulting model is viewed as adequate, since the revised existing conditions 
model, when simulating the January 2002 flood, does not compute water surface elevations that 
overtop the Federal levee, but come very close.  This matches observations and indicates that 
the baseline model provides a reasonable starting point for comparisons.  
 

2. The associated probabilities of levee breaching or avulsion were not determined as these 
incorporate other factors such as geotechnical reliability and coincident loading which are 
presently unknown. The breach scenarios assume failure at the point of peak hydraulic loading, 
regardless of levee conditions or geotechnical safety factors. Thus, this is an investigation 
comparing consequences of failure, not the likelihood of failure. It is assumed that a setback 
levee design will be based on Corps requirements and determinations of acceptable risks of 
failure, and that either of the setback alternatives will be built to the same standard (so there is 
no difference in risk of failure). Once levee design standards are determined the analysis could 
be updated to quantitatively compare flood risks for existing and with project conditions but 
that is likely unnecessary. Enough site data and modeling results are available to support 
qualitative conclusions about the relative differences in probability of failure between new 
setback levees and the existing levee. 
 

3. Levee breach scenarios require assumptions about where breaches will occur and when they 
will occur. For this analysis, critical levee sections were identified based on locations where 
overtopping is most likely to begin (location with least amount of freeboard) or where ponding 
against the levee creates the largest amount of hydrostatic pressure. In the simulations levee 
breaching was initiated at the peak loading point (peak of hydrograph) or in the case of the 
existing levee, when water reached the top of the levee and started to overtop at the critical 
levee section (near south-west property corner of restoration site- See Figure 1). Breach 
parameters used in the simulations are shown in Table 1.  These parameters are assumed and 
reflect the need to use parameters that allow the model to remain stable during the 
simulations. A sensitivity analysis was performed to see if piping or overtopping failures affected 
the result, leaving all other parameters the same. Since the results appeared to be insensitive to 
the choice of failure mode, overtopping was selected for all scenarios. Note that in the case of 
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the with-project simulations, the levee elevations are higher than the modeled water elevations 
assumed to cause failure – indicating the likely failure mode would be piping under restoration 
conditions. Regardless, given the dynamic geomorphology of the site, it is foreseeable that 
deposition and channel changes could cause water to overtop the levee at some future date. 
 

4. The peak loading conditions at critical locations along the three levees analyzed are shown in 
Table 2. This information can be used by levee designers to provide a preliminary assessment of 
geotechnical stability for these loading conditions. 
 

5. The hydrologic data presented in the previous memorandum was used without adjustment in 
this analysis. The January 2002 flood of record, and a theoretical “worst case” flood of 15,000 
cfs (roughly twice the 2002 event) were analyzed for each of the levee alignments. No attempt 
has been made to assign a probability to this event but it plots well above the current flood 
frequency curve for the site, indicating the flood recurrence interval is far lower than once in 
500 years. (The previous memorandum provides more discussion on the hydrologic frequency of 
these events). 
 

6. Modeling the existing and potential with-project conditions is complicated by the uneven terrain 
that causes flows to vary in elevation across the river and floodplain. Lateral weirs, storage 
areas, and split flow reaches were used in an attempt to distribute the flow realistically using 
the 1-D model assumptions and the unsteady flow routines in HEC-RAS. The January 2002 
hydrograph and observed tides for the same period at Port Angeles were used as boundary 
conditions, with assumed steady flows on the split flow reaches and initially static water levels 
in storage areas.  
 
 

7. The vertical accuracy of the model results is likely within +/- 1 to 2 feet. This exceeds the depth 
of flooding for some properties. This level of accuracy is consistent between all scenarios so it 
does not affect relative comparisons. Future model refinements and revisions should focus on 
improvements to estimating overflows from the river and outflow to Dungeness Bay as these 
will have more impact on flooding in developed areas than isolated geometry revisions 
elsewhere. 
 

8. Simplifications in the analysis likely result in a modest exaggeration of flood depths south of 3 
Crabs Road where damages are concentrated. This is because all ponded water is not allowed to 
spill over the shoreline berm into Dungeness Bay, but must flow west to the river. Revision of 
the modeling would likely lower flood elevations by a foot or more, reducing the number of 
properties at risk and some of the relative differences. Since all simulations have the same 
conservative simplification relative comparisons are not impacted.  
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9. The error in assumed structure flood depths is likely high since the structure elevations were not 
surveyed and are assumed to equal the lidar ground elevation at that location. Many structures 
that appear vulnerable to flooding are likely raised some distance off the ground and would only 
experience flooding to the property and low-lying outbuildings. Fortunately even if this analysis 
provides exaggerated estimates of damages in the event of a levee failure, because it uses the 
same structural data set, it provides good estimates of relative differences in risk, which was the 
principal goal of the investigation.  
 

RESULTS & DISCUSSION 

1. Comparisons of the water levels in the mainstem resulting from the levee setbacks, assuming 
levees remain intact for the January 2002 event are shown in Figure 2.  

2. Comparisons of the depths on Meadowbrook Creek due to levee failure for three conditions 
analyzed are shown in Figure 3.  

3. The stage and flow just below the levee breach, upstream of Sequim Dungeness Way, and rate 
of rise data is shown in Figures 4 and 5.  These figures provide an indication of the rate water 
could rise in an area with important infrastructure and nearly a dozen inhabited structures that 
is likely to be the sensitive to levee failure.  

4. The theoretical inundation maps showing the impact of levee failure at the peak of the Jan 2002 
and the hypothetical worst case flood are shown in Figure 6 and 7 respectively. These floodplain 
maps were generated with RAS Mapper and ArcGIS and represent proximal bounds of 
inundation downstream of the levee breach locations. Dots are shown where structures are co-
located with topography vulnerable to flooding.  

5. The downstream impacts of levee failure are summarized in Table 3, including peak ponding 
elevations, flows, depths, and inundation area. The change in the various measures of flood 
impacts from existing conditions for the two flood events analyzed is shown in Table 4. 

6. The distribution of flow in the river, through the restoration site, and along Meadowbrook Creek 
are shown in Table 5. This table helps explain the hydraulic impacts of restoration features on 
the levee failure scenarios and relative potential for avulsion of the river into Meadowbrook 
Creek.  

7. The duration that Sequim Dungeness Way is overtopped under the various scenarios is 
compared in Figure 8. This helps the reader visualize the qualitative difference in the risk of 
overtopping damage for Sequim Dungeness Way. 

DISCUSSION 

1. Figure 2 shows that the extent of flood level reduction in the Dungeness River due to the 
levee setback alternatives extends the full length of the restoration projects. Both setback 
alternatives provide considerable (about 1.5-2.5 feet) flood reduction for the 2002 event 
between the Schoolhouse Bridge and to a point about 400 feet upstream of where the levee 
removal was assumed to start. It is important to note that this analysis assumed conditions 
shown in the Jamestown S’Klallam Tribe’s consultant’s 35% restoration plan for the full 
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setback. This plan results in the greatest potential overflow and ponding elevation next to 
the setback levee. The actual length of levee removed, and extent of flood reductions will 
depend on whether or not the FEMA floodway is revised before the design phase begins, 
and could be somewhat smaller than shown here. There is the potential that FEMA 
floodway mapping criteria could change in the near future which would result in the 
floodway moving riverward of the existing levee, allowing the setback levee to be built 
without the “gap” shown in Figure 1. 
 

2. If the Corps “gap levee” alternatives proposed to avoid filling in the FEMA floodway were to 
be evaluated the models would show a reduction in the amount of water stored adjacent to 
the levee, a smaller reduction in flood levels in the river upstream of the gap, and reduced 
flood impacts should the setback levee breach. Thus the results presented in this analysis 
are conservative. It would be more desirable to be able to fully restore the site but current 
FEMA floodway restrictions will likely prohibit a cross levee if flood levels are increased by 
more than 0.1 ft. The new capabilities in HEC-RAS will allow for detailed analysis of these 
potential impacts during the design phase. The location of the floodway is an important 
detail that should be revisited during the initiation of the design phase, and discussed in 
detail with FEMA. The models and information in this analysis provide a good starting point 
for these discussions.  

 
3. From inspection of Figure 3 it is seen that flood levels are reduced modestly upstream of the 

Town of Dungeness and Sequim-Dungeness Way when compared with existing conditions 
for the January 2002 and worst-case events. In both events, under all scenarios, a 
pronounced backwater and ponding condition develops upstream of Sequim Dungeness 
Way due to the existing culverts being undersized relative to the levee breach outflow. 
Another backwater area occurs downstream of the town of Dungeness, south of 3 Crabs 
road, where Meadowbrook creek can experience either tidal backflow of Dungeness River 
overflows. In this area, under the with-project failure scenarios, flood levels are reduced 
more significantly during the January 02 event. Large numbers of houses edge the wetland 
area that will store floodwater in the event of a levee breach. Under the worst case 
condition, the timing of the with-project breaches is such that flood stages are higher than 
under existing conditions even though discharges are about 60-80% of those under existing 
conditions. This results in an increase in flood stages over existing conditions by about 1.5 
ft.1  
 

                                                           
1 As mentioned previously, the simplifications in this part of the model are exaggerating both flood stages and the 
relative increases. Baring failure of Sequim Dungeness Way the modeling is showing some worsening of conditions 
in an area of low velocity flooding. Please see discussions below regarding the greater risks of avulsion associated 
with existing conditions that are likely to change the comparative analysis in this area under true worst case 
conditions. 
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4. Just upstream of Sequim Dungeness Way water will rise swiftly, at a maximum rate of 1.7 
inches per minute under the Meadowbrook failure scenario vs. 1.4 in/min under existing 
conditions or the Town Road setback failure scenarios (Figure 4, January 2002). This higher 
rate of rise is due to the closer proximity of the breach under the restoration scenarios. 
Despite the increased rate of rise the peak release of water is significantly lower with the 
restoration failure scenarios (3,300 cfs vs. 1,400  - 1,800 cfs). Similarly, peak stages upstream 
of Sequim Dungeness way are lower under with project failure scenarios (24.2 ft vs. 23.4-
23.6 ft). The difference in flows and stages between the Meadowbrook setback vs. the Town 
Road setback scenarios reflect a larger volume of stored water available for the full setback 
alternative. Note that the low spot on Sequim Dungeness Way is at elevation 22 ft. Water 
depths for any of these events would close the roadway and could be damaging. During the 
Jan 2002 simulation for existing conditions, water never dropped below the road crest, even 
6 days after the peak of the flood (Figure 8). This indicates that the higher elevation of the 
levee breach and lack of a return channel sustain a relatively high rate of flow to 
Meadowbrook Creek relative to the with-project conditions.  In contrast, for both with 
project failure scenarios, water drops below the road crest within 12 hours after the breach 
fully forms (Figure 8). Fortunately for all scenarios, the average ground elevation near 
residential structures at this location is about 1 foot below the road crest, indicating that 
potential flood depths are not likely to exceed 3 feet. 
 

5. Review of Figure 5 (worst case event) shows greater differences between the existing 
conditions and with project alternatives upstream of Sequim Dungeness Way, namely a 
much longer flood event and duration of road closure (a week or more, see Figure 8). Flood 
levels and flows are higher as well (peak flow of 7,160 cfs vs. 4,600 to 5,790 cfs). As peak 
flood elevations are approaching 25 feet or more, residential structures could be flooded to 
a depth of around 4 feet or more, which is approaching a life threatening condition. 
Surprisingly the rate of rise is lower for this event. This is likely due to the presence of water 
that has already overtopped the existing levee upstream of the project into Meadowbrook 
creek, dampening the rise. 

 
6. Review of Figure 6 indicates that the largest floodplain areal extent results from failure of 

the existing levee. The floodplains resulting from failure of the proposed setback levees are 
nearly indistinguishable, other than the fact that the Town Road setback has a larger area 
because it is flooding an area that is converted to restoration by the Meadowbrook Setback. 
Most flooding is concentrated along Meadowbrook creek and in the low lying areas of the 
town of Dungeness and the large agricultural/wetland complex backing 3 Crabs road.  
 

7. From review of Figure 7 (15 kcfs – worst case flooding inundation map) we can see that that 
despite significantly lower peak flows through the levee breaches for with-project 
conditions, flood heights are modestly (1.5 ft) higher in the ponding area south of 3 Crabs 
Road. This is due to the existing conditions breach trigger occurring significantly earlier in 
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the event (when the existing levee is first overtopped) rather than at the point of peak 
loading on the new setback levee. Because the setback levee breaches occur later in the 
event, they release water on top of the peak backwater elevation in the large wetland area 
backing 3 crabs road. The coincident timing of peak backwater from the Dungeness and 
peak breach discharge causes flood stages to be higher in this wetland area, despite the 
lower flow through the breach when compared with existing conditions. There is a 
significant difference in the duration of flooding however, caused by the significantly higher 
releases of flow into Meadowbrook Creek through the breach under existing conditions, and 
lack of return channel to the river near the Schoolhouse Bridge (Figure 8). 
 

8. From Table 3 it is seen that widespread shallow flooding may impact many residential 
structures in the event of a levee failure during an event comparable to the January 2002 
flood. Under existing conditions the total acreage impacted is 600 vs. 440 to to 460 under 
with-project conditions. The number of structures impacted under with-project conditions is 
significantly lower (136 to 156 vs. 248) for existing conditions. Table 4 presents the percent 
change from existing for this event. In general terms, flood risks posed by inundation to 
property, structures, and infrastructures are reduced across the board (by 5 to 57%). 

 
 

9. From Tables 3 it is seen that flood depths under “January 2002” conditions are relatively low 
(0.9 to 1.4 ft on average, 3.3 to 4.6 ft max) and may pose a slight to modest life safety risk to 
the very young, very old, or disabled, and those that attempt to flee rising waters in 
vehicles, and may become trapped or drive off the road. Fortunately for the majority of the 
homes potentially impacted, flood waters will be low velocity, meaning that people can 
more safely wade out of harm’s way or to assist others.  

 
10. From Table 3 it is seen that flood depths under worst case conditions are great enough (3.5 

to 4.6 ft on average, 5.8 to 7.2 ft max) and widespread enough (770 to 800 acres, 291-298 
structures) to pose a modest to significant life safety risk. This is based on the assumption 
that some persons lack mobility and cannot reach higher elevations in their homes without 
assistance, and assistance will be difficult to provide in a flood emergency due to road 
closures. Fortunately for the majority of the homes potentially impacted, flood waters will 
be low velocity, meaning that people can more safely wade out of harm’s way or to assist 
others. Table 4 presents the percent change from existing for this event. In general terms, 
flood risks posed by inundation to property, structures, and infrastructure are reduced and 
increased depending on location (by -36% to 31%) and the variable of interest. The number 
of structures is slightly higher 
 

11. From Table 5 it is seen that flood flows released into Meadowbrook Creek in the event of 
with-project levee failure range from 19-24% of the flow of the river for the January 2002 
event, and 31-38% for the worst case event, baring failure of Sequim Dungeness Way. This 



Comparative Hydraulic Loading Analysis and Levee Failure Inundation Mapping for Dungeness River 
Ecosystem Restoration Setback Levee Alternatives and Existing Levee    17 April-2013 

10 
 

contrasts with 44% to 48% under existing conditions, for the January 02 and worst case 
events, respectively. The fact that nearly half the flow leaves the river under a large but not 
unprecedented flood failure scenario should be a major cause for concern for the County. 
While the probability of the worst case event is low, the probability of a similar or larger 
flood than the January 2002 event is not, especially given climate change projections for the 
basin.  

 
12. The higher flows that result from levee failure under existing conditions for the January 

2002 or worst case events exceed the capacity of the culverts under Sequim Dungeness Way 
for several days (vs. 12 hours under with-project failure scenarios (Figure 8)). This causes 
water to pond to the road crest and flow over the top and down the backside of the road 
embankment. This significantly increases the risk of road embankment failure which would 
release a large amount of river water stored upstream of the road and significantly increase 
the hydraulic gradient into Meadowbrook Creek. These conditions pose significant risk of 
avulsion of the Dungeness River back into its prehistoric course along Meadowbrook Creek. 
The flood damages resulting from avulsion were not analyzed but can be inferred by 
transferring the active channel limits onto the developed floodplain along Meadowbrook 
Creek. The damage would include structural flooding and property loss due to erosion and 
channel migration. In addition Sequim Dungeness Way and 3 Crabs road would be closed for 
an indefinite period of time. During the event, any residents that had not evacuated would 
be cut off and could be in harm’s way. Assuming the likelihood of failure is driven by the 
duration of overtopping, under with-project failure scenarios, it is easy to see that the risk is 
reduced significantly (Figure 4, Figure 8). Due to considerable unknowns it does not 
eliminate it entirely.  Preventing levee failure with a modern levee design, adherence to best 
practices during construction and provision of O&M will significantly reduce the risk. 
 

13. While the modeling indicates flood stages along the 3 Crabs Road residential area could be 
higher under the with-project failure conditions under the “worst case flood” scenario, the 
scenario does not account for the high likelihood of Sequim Dungeness Way failing due to 
prolonged overtopping under existing conditions. If a breach analysis of Sequim Dungeness 
Way were conducted it would likely show that flows and flood stages would exceed those 
predicted under the with-project failure scenarios. Model refinements could also reduce the 
predicted severity of flooding and the relative differences in flooding in this area. 

 
14. Life safety risk is not eliminated by new setback levees built as part of a restoration project 

but they are reduced with respect to existing conditions in several ways: the levee is newly 
constructed to modern standards, the critical section for levee overtopping or piping moves 
downstream (reducing the driving head during a breach event), the restoration site lowers 
riverine flood levels and the setback levee’s  sensitivity to river aggradation, and provision of 
a return channel to the river lowers flood levels upstream of Sequim Dungeness Way. 
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15. Other breach scenarios, caused by earthquake failures, scour at the levee toe, or 
overtopping of Sequim-Dungeness Way were not analyzed due to high uncertainties and 
time and budget limitations. These scenarios could also cause major damage comparable to 
or worse than the scenarios analyzed.  It is possible that inclusion of toe erosion risk may 
alter the conclusion that the Town Road setback is the lower risk alternative of the two 
under consideration since it would have more exposure to erosive flows (higher frequency 
of loading, greater O&M requirements). Quantitative consideration of avulsion potential 
would require modeling of the Sequim Dungeness Way as an inline structure and breaching 
it in the models using parameters based on a consideration of its larger cross section and 
materials.  This would constitute a true worst case analysis and provide a direct comparison 
of the impacts from river avulsion. 

 
16.  Since both the restoration alternatives include a return channel back to the river, failure of 

a setback levee is less likely to result in release of sustained high flows into Meadowbrook 
Creek. Damage is more likely to be localized and something that can be repaired using 
routine levee rehabilitation means and methods. If river avulsion were to occur it would 
likely represent a new permanent condition that would require adaptation, posing major 
impacts to both the natural and built environment. This suggests armoring of Sequim 
Dungeness Way be conducted as risk mitigation measure whether or not the restoration 
project proceeds. 
 
 

CONCLUSIONS 

1. Under Existing conditions, during the January 2002 event, flood depths are high enough at one 
location (4.6 ft) to begin to pose a life threatening condition, but generally average about 1.5 ft. 
This compares with an average of 1 ft and a maximum of 3.3-3.7 ft for the restoration project 
failure scenarios. 

2. As many as 248 residential structures and up to 600 acres could be flooded in this event. In 
comparison 136 to 156 residential structures and up to 457 acres could be flooded if the with-
project levees failed in this flood event.  

3. The maximum depths predicted for with-project failure scenarios would result in conditions at 
one location that would pose concern for able bodied adults (depths 3.3-3.7 ft) and the very 
young and infirm would be at high risk. Risk is still lower than under existing conditions for this 
flood event, which is viewed as comparable to a major flood that we would expect in the project 
lifetime. 

4. Flood elevations and depths are lower under the Meadowbrook setback failure scenario and 
lowest under the Town Road setback levee failure scenario. The difference in maximum flood 
depth is about 0.4 ft between the two options. This difference in risk is modest and can likely be 
alleviated with proper levee design and construction and should not be a major driver in a 
decision of which alternative to pursue. 
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5. Flood depths, flows, and inundation due to levee failure are higher under existing conditions for 
the January 2002 event, and relatively frequent events comparable in magnitude, than for the 
with-project conditions analyzed. This holds for the worst case event with the exception of the 
large ponding area south of 3 Crabs Road. 

6. Based on the significantly greater flow released to  Meadowbrook creek, greater resulting flood 
stages, significantly greater number of properties and structures impacted, and extended 
duration of closure of Sequim Dungeness Way, it is concluded that flood risks are significantly 
greater overall under existing conditions than under either of the proposed with project 
conditions, under the levee failure scenarios analyzed. 

7. Based on the significantly greater flow released to  Meadowbrook creek, and extended duration 
of closure of Sequim Dungeness Way (that increases the chances of road failure and river 
avulsion), it is concluded that existing conditions flood risks are greater during the worst case  
flood event than under either of the proposed with project conditions, under the levee failure 
scenarios analyzed. This is despite the modeled increase in flooding predicted near 3 Crabs Road 
under “worst case” with project scenarios.  

8. Completion of the restoration project would seem to address two major issues associated with 
the existing levee - ongoing ecological damage and a serious flood risk.  

RECOMMENDATIONS 

1. Levee designers and risk managers should consider if the associated flood risks presented 
herein warrant additional measures to buy down the risk. These measures could include 
strengthening the new setback levee and/or Sequim Dungeness Way to resist prolonged 
overtopping or seepage.   

2. It is recommended that the project manager and PDT aggressively pursue completion of the 
decision document, PCA, and initiation of design to help address the elevated flood risks 
associated with the existing levee.  

3. The District should alert its Olympics Basin flood team and Clallam County (sponsor) of the 
apparent critical nature of this levee and review flood fighting plans and procedures. 

4. The District should ask the County to  evaluate Sequim Dungeness Way for resiliency from 
overtopping with the goal of ensuring the road will not fail in event the existing levee fails in 
a major flood. 

5. In the design phase, the H&H PDT member(s) should update both the existing and with 
project H&H modeling to include the most current survey data, calibrate the model to a 
recent flood, include all known design features, and model levee overflows with the 
forthcoming 2-D capabilities. This will allow recomputation of the existing and with project 
floodway limit, and determination of the impacts of a cross levee vs. a gap levee that will be 
needed to determine if a full setback to the property line is possible. 
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Figure 5 – Comparison of rate of rise and max flood depth and flow for 15000 cfs flood upstream of 
Sequim-Dungeness Way 
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Figure 7 – 15000 cfs flood levee failure inundation map 

Figure 8 – Stage hydrographs upstream of Sequim Dungeness Way for all scenarios 
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Table 1 – Levee breach parameters 

 

Table 2 – Peak levee loading conditions 

 

  

Flood Event Levee Configuration Mode Breach Trigger
Time for breach 

development (hr)
Breach Station 

on Levee
Bottom 
Width

Bottom 
Elev

Side 
Slopes Notes

Jan 02 (7500 cfs) Existing Overtopping Peak of flood 2 5922 100 35 1
Failed at levee low point, about 0.5 ft 

below crest

Town Road Setback Overtopping Peak of flood 2 1990 100 17.75 1
Failed at location of max hydrostatic 

load
Meadowbrook 

Setback Overtopping Peak of flood 2 2750 100 17 1
Failed at location of max hydrostatic 

load

15000 cfs Existing Overtopping
Onset of 

overtopping 2 5922 100 35 1 Failed at levee low point, at elev. 42

Town Road Setback Overtopping Peak of flood 2 1990 100 17.75 1
Failed at location of max hydrostatic 

load
Meadowbrook 

Setback Overtopping Peak of flood 2 2750 100 17 1
Failed at location of max hydrostatic 

load

Note - Overtopping used for all failure modes due to equivalent resulting dowstream inundation area. Overtopping is assumed to be related to future river aggradation that reduces levee 
freeboard.

Flood Event Levee

Ponding 
Volume 
(acre-ft)

Peak Flood 
Stage* (elev. 

ft)
Duration @ 
peak (hours)

Duration above toe at 
critical section (days)

Event 
Duration 

(days)
Critical section 

toe el.*
Max. Depth @ 

Toe (ft)

Jan 02 (7500 cfs) Meadowbrook Setback 142 25.17 1 > 5 5 15.7 9.47
Town Road Setback 127 29.27 1 > 5 5 23.5 5.77
Existing N/A 42.92 1 > 5 5 36.24 6.68

15,000 cfs Meadowbrook Setback 243 27.46 1 > 5 5 15.7 11.76
Town Road Setback 145 30.76 1 > 5 5 23.5 7.26
Existing N/A 43.6 1 > 5 5 36.24 7.36

* at critical section for overtopping or hydrostatic loading
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Table 3 – Downstream impact of levee breach summary 

 

 

Table 4 – Downstream impact of levee breach summary percent change from existing conditions failure scenarios 

Scenario Failure Scenario

Time for 
breach 

developme
nt (hr)

Time to Peak 
Inundation

Peak depth 
below breach 

(ft)
Peak discharge below 

breach (cfs)
# Structures 

Impacted
Max Depth @ 
Structure (ft)

Avg Structure 
Depth (ft)

Total 
Inundation 
Area (acres)

Jan 02 (7600 cfs) Existing Levee 2 7 10.67 3335 248 4.6 1.4 599
Meadowbrook Setback 2 6 10.1 1836 156 3.7 1.05 435

Town Road Setback 2 7 9.92 1422 136 3.3 0.9 457
15000 cfs Existing Levee 2 17 11.84 7161 291 5.8 3.5 785

Meadowbrook Setback 2 6 11.42 5785 299 7.3 4.6 767
Town Road Setback 2 6 11.07 4597 298 7.2 4.5 797

Scenario Levee

% Δ  in 
Existing Peak 

Depth
% Δ  of Existing 
Peak Discharge

% Δ  of 
Existing 

Structures 
Impacted

% Δ  of Existing 
Max Stucture 

Depth

% Δ  of Existing 
Avg Structure 

Depth

% Δ  of 
Existing 

Inundation 
Area

January 2002 Meadowbrook Setback -5% -45% -37% -20% -25% -27%
"Design Flood" Town Road Setback -7% -57% -45% -28% -36% -24%
15,000 cfs flood Meadowbrook Setback -4% -19% 3% 26% 31% -2%
"Worst Case" Town Road Setback -7% -36% 2% 24% 29% 2%
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Table 5 – Flow distribution summary 

  

Event Levee Location

@ point of max 
loading prior to 
breach

2-3 hrs later @ 
point of full breach 
development

Percent of 
peak flow in 
River @ 17798

Discharge, cfs Discharge, cfs
Jan-02 Meadowbrook D.R. Upstream of project @ 17798 7503 7392 99%

D.R. Project Reach @ 4708 2970 2977 40%
Restoration Site @ 400 4387 2700 36%
D.R. Schoolhouse Bridge @ 4197 7427 5678 76%
Meadowbrook Creek @ 9659 10 1799 24%

Jan-02 Town Road D.R. Upstream of project @ 17798 7503 7399 99%
D.R. Project Reach @ 4708 3528 3444 46%
Restoration Site @ 1896 3915 2496 33%
D.R. Schoolhouse Bridge @ 4197 7320 5932 79%
Meadowbrook Creek @ 9659 10 1392 19%

Jan-02 Existing D.R. Upstream of project @ 17798 7503 7399 99%
D.R. Project Reach @ 4708 4240 4055 54%
Restoration Site @ 1896 NA NA NA
D.R. Schoolhouse Bridge @ 4197 7213 4066 54%
Meadowbrook Creek @ 9659 10 3336 44%

15 kcfs Meadowbrook D.R. Upstream of project @ 17798 15003 14798 99%
D.R. Project Reach @ 4708 4127 4150 28%
Restoration Site @ 400 8728 5066 34%
D.R. Schoolhouse Bridge @ 4197 12853 9217 61%
Meadowbrook Creek @ 9659 1950 5708 38%

15 kcfs Town Road D.R. Upstream of project @ 17798 15003 14798 99%
D.R. Project Reach @ 4708 5399 3444 23%
Restoration Site @ 1896 7617 7624 51%
D.R. Schoolhouse Bridge @ 4197 12921 10309 69%
Meadowbrook Creek @ 9659 1889 4597 31%

15 kcfs Existing D.R. Upstream of project @ 17798 15003 14798 99%
D.R. Project Reach @ 4708 5726 6898 46%
Restoration Site @ 1896 NA NA NA
D.R. Schoolhouse Bridge @ 4197 5722 6898 46%
Meadowbrook Creek @ 9659* 20 7159 48%

* note that existing levee fails 12 hours prior to with project levee
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Figure 4 – Comparison of rate of rise and max flood depth and flow for January 2002 flood upstream of 
Sequim-Dungeness Way. Note that duration of water above elev. 22 is  
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