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Executive Summary
The Port of Hood River entered into a Planning Assistance to the States agreement with the U.S.
Army Corps of Engineers (USACE), Portland District, to assess the short- and long-term evolution
of the delta at the mouth of Hood River. Historically, the Hood River delta evolved slowly over
time. In November 2006, however, a glacial outburst flood and debris flow substantially increased
the lateral and vertical extent of sediment deposition at the delta by depositing approximately 0.8
million cubic yards of sediment. Within a period of 5-6 hours, the dry area of the delta increased an
estimated 70-75 acres and the height of deposition increased up to 8-9 feet in some places. These
sediment deposits now affect the entire Hood River waterfront. The Port is particularly concerned
about the lack of access to the Nichols Boat Basin, which is used for commercial navigation activity,
and the future use of the basin.
In order to assess the current conditions and predict future changes to the delta and river mouth, the
USACE used hydrodynamic sediment tracking modeling to assess and predict depositional patterns
and erosional characteristics for the delta, and to estimate potential impacts to the Hood River
waterfront. The current practice of dredging as required remains the best option for the Port.
However, modeling results showed that modifying the flow pattern at the mouth of Hood River may
reduce or eliminate the need for dredging.
Two jetties, one interior (river side) of the current structure and another added to the spur on the right
(east) bank of Hood River could favorably alter flow conditions at the mouth. The proposed jetty on
the boat-basin side of the channel should be placed as far as possible to the east of the existing
structure and run parallel to the existing structure and then be realigned in an upstream direction.
The right-bank jetty can be aligned parallel to the river channel with the jetty root tied to the spur on
the Marina’s north side. The effects of the modifications will be to narrow the cross-sectional area
of the river’s mouth, thus maintaining main channel velocities well past the current location where
the river section expands and velocities decrease; and to change the direction of flow and transport
suspended sediment away from the boat basin entrance and Event Site.
One of the key elements associated with the future use of the boat basin is the existence of two
federal flowage easements across the property because changes that involve fill could be limited by
them. If the Port is interested in filling part of the boat basin, a conceptual plan should be developed
and coordinated with the Real Estate office of the Portland District to assess impacts on the flowage
easements and determine whether extinguishment or other modification would be considered for the
flowage easements.
Based on a qualitative assessment, the existing boat basin appears to have minimal habitat restoration
potential. The largest opportunity for habitat restoration appears to be some type of restoration
and/or enhancement actions at the large delta being formed outside of the boat basin. Restoration
actions could expedite the formation of the functional delta with wetland and riparian plantings and
additional ecological engineering.
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1.

INTRODUCTION

The Port of Hood River entered into a Planning Assistance to the States agreement with the U.S.
Army Corps of Engineers (USACE), Portland District, to assess the short- and long-term evolution
of the delta at the mouth of Hood River. Historically, the Hood River delta has evolved slowly over
time. In November 2006, however, a glacial outburst flood and debris flow substantially increased
the lateral and vertical extent of sediment deposition at the delta. These sediment deposits now
affect the entire Hood River waterfront. The Port is concerned about the lack of access to the
Nichols Boat Basin, which is used for commercial navigation activity, and future use of the basin.
The Rivers and Harbors Act of 1946 (Public Law 525, 79th Congress) authorized development of a
boat basin and breakwater at Hood River, Oregon, in accordance with the report of the Chief of
Engineers in House Document 704, 79th Congress, 2nd Session. The boat basin was constructed
using federal funds in the early 1960s. Construction of a breakwater west of Hood River and
dredging the boat basin with connecting channel to deep water (10-feet deep, 500-feet wide and
1,300-feet long) was the responsibility of the USACE. The Port agreed to maintain the boat basin
itself and the mooring facility, while the USACE would retain maintenance responsibility of the
breakwater and connecting channel.

1.1. PROBLEM STATEMENT
Historically, average sediment discharges during spring runoff and sediment transported during
winter floods created the Hood River delta (see 2005 cover photo). On November 7, 2006, heavy
rainfall initiated a collapse of an upper section of the eastern lateral moraine of the Elliot Glacier and
a subsequent debris flow into the Eliot Branch of the Middle Fork Hood River. The debris formed a
dam at Dee Flat that temporarily impounded floodwaters and sediment. A glacial outburst flood was
created when water dammed by the debris was released (USGS 2008). Approximately 0.8 million
cubic yards (cy) of sediment was transported by the glacial outburst flood and deposited at the Hood
River delta (see 2009 cover photo), nearly 28 miles downstream from the moraine collapse and 16
miles from the debris dam at Dee Flat. Within a period of 5-6 hours, the dry area of the delta
increased an estimated 70-75 acres and the height of deposition increased up to 8-9 feet in some
places. These sediment deposits now affect the entire Hood River waterfront.
The Port of Hood River is concerned about the lack of waterborne access to the Nichols Boat Basin,
the Port’s access gateway for commercial navigation activity. If the boat basin is no longer
sustainably accessible, the Port would need a replacement to maintain waterfront access for
commercial navigation. In addition, it is unclear what role the basin could play in the future,
including the potential for future restoration of shallow-water habitat. Changes to the basin would
involve significant regulatory issues and public involvement to determine the best plan for the
community. Changes that involve fill could be limited by two existing flowage easements.

1.2. STUDY OBJECTIVES
The objectives of the Hood River delta study are as follows (USACE 2008):
1. Assess sediment loading from the Hood River Basin, formulate sediment pathways for the
delta and adjacent shores based on the sediment budget, and evaluate future delta evolution.
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2. Identify potential waterfront areas that may be impacted by short- and long-term delta
evolution.
3. Assess potential impacts to areas along the eastern and western extents of the delta,
including the Marina, Event Site, secondary commercial access, The Hook, and embayment,
while identifying areas of potential morphology and circulation hazards including sand bars,
steep shore face, swift currents, and eddy effects.
4. Investigate strategies to control negative impacts of future delta evolution such as dredging,
flow channelizing, and dredging control structures (to minimize dredging).
5. Assess current habitat quality in the boat basin and the potential for future restoration of
shallow-water habitat and water quality.
6. Describe the existing USACE flowage easements across the boat basin property.
7. Evaluate the current and potential future economic effects of windsport recreation at Port of
Hood River facilities.
8. Evaluate sediment quality of the Hood River delta.

1.3. STUDY APPROACH
In order to assess the current conditions and predict future changes to the Hood River delta and river
mouth, the USACE used hydrodynamic modeling and a sediment tracking model. Sediment tracking
or tracing was also used to assess future sedimentation patterns and estimate potential impacts to the
Hood River waterfront. As part of their contribution to the project, the Port of Hood River
contracted with Tetra Tech Inc. to evaluating the economic effects of recreation to the area (May
2009). The USACE evaluated the quality of the delta sediment in August 2008. The results are
compiled in a separate report (USACE, June 2009)

2.

CURRENT CONDITIONS

Some historic flow and sediment transport patterns persist at the confluence of Hood River with the
Columbia River at river mile (RM) 169.7. However, some characteristics have been changed on
both rivers primarily as the result of dam construction and diversions. The discussion in this section
pertains to current conditions on the Columbia River and Hood River that affect sediment deposition
and scour (both local scour and general erosion) at the delta; for perspective, a limited review of
historic patterns is also provided. Because sediment yield or material carried to a stream is related to
watershed characteristics, the current conditions of the Hood River Basin are discussed as well.

2.1. HYDROLOGY
Numerous upstream storage dams have reduced the average magnitude of the freshet on the
Columba River. Prior to the early 1960s, peak flows on the Columbia River could vary from
700,000 to 900,000 cubic feet per second (ft3/s), with discharges of 1,000,000 ft3/s or greater
occurring three times from 1892 to 1948. Currently, the average magnitude of the freshet is from
300,000 to 400,000 ft3/s and extremely high flows are all but eliminated. Prior to construction of
Bonneville Dam (RM 147), the average water surface elevation of the Columbia River at Hood River
varied from 58 to 72 feet mean sea level (MSL), whereas the operating range of the Bonneville Pool
is now 72 to 74 feet MSL. With reduced freshet flow, less variation in water surface elevation both
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temporally and spatially, and a frequent backwater condition now occurring at the mouth of Hood
River, a reduction in the overall velocities acting on delta sediments has occurred in the last 40 years.
Stream flow measurements of Hood River began in 1915 and continue today. Although changes
have been imposed on the basin and river in the last century, review of flow and stage data and
precipitation data found no apparent indication of hydrologic alterations in the magnitude of high
average discharges in December through April, and the frequency and magnitude of runoff-floods in
winter and spring appear unchanged since record keeping began. The Powerdale Dam (RM 4.5), in
operation since 1923, is a run-of-river dam and does not alter the monthly average- or flood-flow
hydrographs at the mouth of Hood River. The dam is scheduled to be removed in 2010.

2.2. SEDIMENTATION
Mount Hood, a massive stratovolcano, dominates the sedimentation processes in the Hood River
Basin. The glacial valleys of the mountain are the principal sources of rock and sediment carried to,
and transported by, the three branches of Hood River (West Fork, Middle Fork, and East Fork).

2.2.1. S e d im e n t S o u rc e s
During periods of high average flow and moderate flood flows, the likely source of material carried
to the streams in the Hood River Basin is the valley floor and the steep and moderately steep hills
adjacent to the valley. During low-frequency runoff-floods (e.g., 1% percent flood) or outburst
floods, material from glacial outwash plains high in the slopes of Mount Hood are also carried to the
river channels.
A changed or changing condition affecting sedimentation processes in the Hood River Basin is
glacial retreat or recession. Since about 1967, the five large glaciers in the basin have been
retreating. Prior to 1967, the glaciers were both advancing and retreating, although there has been a
net loss in length and areas of most glaciers since 1901. The Ladd Glacier at the head of the West
Fork has lost 26% of its length in 40 years. Similarly, Eliot Glacier at the headwaters of the Middle
Fork, and once the longest glacier on Mount Hood, has lost 24% of its length, retreating 3,600 feet
(0.7 miles) in the last 40 years. The significance of glacial retreat is that the slopes of lateral
moraines are now exposed and unloaded (from the weight of the glacier) and are susceptible to
failure. The U.S. Geological Survey (USGS) and other investigators have observed that exposing
increasingly longer lengths of moraines has resulted in an increase in the frequency of debris flows
into glacier-fed streams, such as Hood River. Of the five glaciers in the Hood River Basin, the Eliot
Glacier has the greatest surface area of exposed lateral moraine.

2.2.2. S e d im e n t Dis c h a rge
Besides a reduction in flow peaks, upstream dams have reduced the sediment discharge of the
Columbia River. Based on suspended sediment measurements taken in 1959 and 1960, the average
sediment concentration at the Hood River-White Salmon Bridge was 60 to 100 parts per million
(ppm). During the freshet, suspended sediment concentrations were as high as 1,200 to 1,500 ppm.
Investigators at the time estimated a 30% to 35% reduction in sediment discharge in the Columbia
River at Hood River since 1948 (USACE 1961).
Suspended sediment discharges were measured for Hood River a long time ago. More recent studies
of sediment transport for Hood River were not found during a literature search. In 1912, the USGS
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calculated the average sediment discharge of the Hood River at 250 tons/day for flows of 1,600 to
1,700 ft3/s (USGS 1914). In 1935, the USACE measured suspended sediment discharge at the Union
Pacific Railroad Bridge in Hood River. The USACE calculated an average annual discharge at the
mouth of 40,000 tons (USACE 1936). Because flows of 1,600 to 1,700 ft3/s are average discharges
for December though April, and floods occur during the same period, up to 85% of the total annual
sediment discharge was assumed to occur during a 150-day period from early winter to early spring.
In addition to average sediment transport processes, Hood River is also subject to extreme sediment
discharges. While average sedimentation processes slowly build the delta or maintain the existing
configuration, high and extremely high sediment discharges associated with runoff floods and glacial
outburst floods can result in significant and rapid, often nearly instantaneous, changes in delta
morphology. High sediments discharge values associated with runoff floods were determined by
developing sediment rating curves for the Sandy River Basin from recently collected data (see
Section 3.2). The USACE estimated extremely high sediment concentrations associated with an
outburst flood using the November 2006 event as a template.

3.

MODELING

For simulating complex hydrologic and hydraulic conditions in riverine, estuarine, or coastal
settings, a 2- or 3-dimensional (D) model may be used by investigators. In a riverine setting, such as
at the confluence of the Columbia and Hood rivers, 2-D hydrodynamic codes with depth-average
velocities in the vertical direction are usually adequate for characterizing the flow field.
Based on a comparison of sediment grain-sizes at the Hood River delta with river bed material sizes
upstream of the mouth, the USACE concluded that the delta is built from the suspended sediment
fraction of the total sediment load. Bed load tends to be deposited upstream of the mouth. Thus, to
assess future impacts to the mouth of Hood River from sediment discharge events, the USACE will
only track or trace the transport and fate of material suspended in the flow field. Note that the
removal of the Powerdale Dam should not alter the premise that suspended sediment load largely
creates the depositional plain at the mouth of Hood River.

3.1. DESCRIPTION OF MODELS
3.1.1. Hyd ro d yn a m ic Mo d e l
To characterize the flow field at the Hood River delta, the USACE selected the RMA-2 model, a 2-D
depth averaged finite element hydrodynamic numerical model (USACE 2006a). It computes water
surface elevations and horizontal velocity components for subcritical, free-surface two-dimensional
flow fields. Friction is calculated with the Manning’s or Chezy equation and eddy viscosity
coefficients are used to define turbulence characteristics. Both steady and unsteady problems can be
analyzed. There are limitations for using the RMA-2 model; however, the range of flow conditions
to be simulated in the region of the Hood River delta do not exceed the capabilities of the model.
This model is one of many hydrodynamic models available within the surface-water modeling
system (SMS; USACE 2005, Aquaveo 2007).
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3.1.2. S e d im e n ta tio n Mo d e l
For analysis of transport and fate of suspended sediment within the study area, the USACE selected
the Particle Tracking Model (PTM; USACE 2006b). The PTM simulates sedimentation processes in
2- or 3-D flow fields including erosion, transport, settling, and deposition. In addition to predicting
sediment transport pathways and sediment fate, the model produces maps of sediment of transport
processes, such as mobility, that can be useful in understanding sediment movement. The PTM
operates in SMS; SMS allows the user to select results (flow fields) from numerous 2- or 3-D
hydrodynamic models for PTM simulations (USACE 2006b, Aquaveo 2007). The following
features are found in the PTM:
•
•
•
•
•

Diffusion and advection are accurately and efficiently modeled.
Particle distributions, by grain size or sediment type, are simulated by specifying different
characteristics for each particle.
Natural variability in particle characteristics and response are represented.
Processes such as particle sorting are simulated.
Particle pathways can be identified so that sediment sources and destinations are identified.

3.2. MODELING ASSUMPTIONS
For modeling or performing any engineering calculations, assumptions are required to simplify
complex and interrelated processes. To simulate hydrodynamic and fluvial process at the mouth of
Hood River, the USACE made the following general assumptions (not listed in order of importance):
1. The vertical component of velocity in the flow field can be neglected; thus, 3-D
hydrodynamic modeling is not required.
2. Suspended sediment load in the November 2006 debris flow was “back” calculated. By
using the estimated total mass of sediment transported to the mouth over a 5-6 hours period,
the USACE calculated a peak suspended sediment concentration of up to 200,000 ppm or
20% of the total water and sediment discharge were solids – mostly sand.
3. Although slightly larger in area (508 versus 482 square miles), the Sandy River Basin on the
south-southwest slope of Mount Hood is a physiographic match to the Hood River Basin.
For estimating suspended sediment loading for average flow and flood flow conditions, the
USACE considers the two basins and respective streams to be analogous.
4. The combined hydrologic and sediment discharge conditions selected below are sufficient
for predicting short-term and longer-term deposition and erosion at the delta.

3.3. DATA
Topographic, bathymetric, hydrologic, and sedimentation data for the region are available from the
USACE, USGS, and other sources. The USACE collected bathymetry data for Hood River and for
the Columbia River at Hood River, and has surveyed the Nichols Boat Basin and entrance to the
basin as well. The above-water surfaces of the delta and nearby river banks were aerially mapped,
and the Columbia River adjacent to the delta, including the Hood River Marina was surveyed by boat
post debris flow. Additional topographic data were obtained from a USGS digital elevation model.
Stage and flow data of both the Columbia River and the lower Hood River are available from the
USACE/USGS. Since 1928, Oregon State University has collected precipitation data in the Hood
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River Basin. Sediment samples of the delta and bed material samples of Hood River upstream of the
mouth were collected by the USACE in 2008-2009. In the Sandy River Basin, sediment discharges
have been monitored by the USGS and others.

3.3.1. To p o g ra p h ic Da ta
A light detection and ranging (LiDAR) survey of the Hood River delta and surrounding area was
conducted by David Smith and Associates in December 2006. Additional land surface contours on
the left and right banks of the Columbia and Hood rivers were generated from a USGS 30-meter
digital elevation model (DEM) for the National Elevation Dataset. All land surface data was
converted to Universal Transverse Mercator (UTM) coordinates and North American Vertical Datum
(NAVD) with units of meters.

3.3.2. Ba th ym e tric Da ta
Historically, the USACE has collected bathymetric data in the main channel of the Columbia River.
In March 2008, data were collected in transects across the channel, spaced approximately 500 feet
apart, and parallel to the channel consisting of seven lines spaced 150 feet apart. At this time,
bathymetry also was collected in Hood River from the mouth to the Highway 35 Bridge. Horizontal
data were collected in the North American Datum of 1983 (NAD 83) state plane Oregon north (U.S.
survey feet) with elevations referenced to NAVD 1988 (feet NAVD). Bottom elevations for the
Nichols Boat Basin were collected in June 2006. A bathymetric contour map is shown on Figure 1.
In December 2006, Northwest Hydro Inc. carried out a bathymetric survey of the Columbia River
impinging on the newly formed delta and surveyed depths in the Hood River Marina. As with
Columbia River bathymetry, all horizontal and vertical coordinates were converted to UTM and all
vertical elevations are reported in units of meters relative to NAVD.

3.3.1. S ta g e a n d Flow
Hood River flows were determined using USGS discharge gage #14142000, Hood River at Tucker
Bridge. This gage is located at RM 5.5, approximately 4 miles downstream of the confluence of the
East Fork, Middle Fork, and West Fork of Hood River. No major tributaries contribute flow to the
system between the gage and the study location, but several minor tributaries may contribute small
amounts of discharge between the mouth of the Hood River and the gage location.
Columbia River flows were developed using USGS gage #14105700, Columbia River at The Dalles,
which is 20 miles upstream of the Hood River-White Salmon Bridge. Although the Klickitat River
(right bank tributary) and some smaller left bank tributaries, notably Mosier and Mill creeks,
contribute flow to the system, the fraction of their flow contributing to total discharge of the
Columbia River at RM 170 is less than 1% to 2%. In 1961, the USGS measured stage and flow data
for the Columbia River at RM 170 and developed a rating curve. The rating curve (Figure 2) is used
to generate water surface elevations of the Columbia River within the study area.
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Fig u re 1. Co lo rim e tric Map o f S u rfa c e Ele va tio n s
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Fig u re 2. Ra tin g Cu rve fo r th e Co lu m b ia Rive r a t RM 170
Rating Curve at Hood River-White Salmon Bridge (RM 170)
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3.3.2. Ma te ria l P ro p e rtie s

Suspended Sediment
Decades ago the USGS and USACE calculated suspended sediment load for average to high average
flow in Hood River; however, the original datasets were not found in the USACE archives. More
recent sedimentation data was collected by the USGS for the Sandy River (USGS 2008). The
USACE constructed a suspended sediment rating curve (Figure 3) for the Sandy River that is
applicable to conditions for Hood River.
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Fig u re 3. S e d im e n t Dis c h a rg e Ra tin g Cu rve fo r th e S a n d y Rive r

Sandy River Sediment Rating Curve
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Delta and Stream Bed Material
Eleven sediment samples were collected from the Hood River delta and along the Columbia River in
August 2008 (Figure 4). Delta samples were collected from areas that would not be inundated
except during the freshet or flood flows for Hood River. For physical testing, some samples were
composited as noted on Figure 4. Two undisturbed bed samples were collected from the river about
3,300 feet upstream of the mouth (locations are not shown on Figure 4). Particle grain size
distributions for some sample locations are presented graphically on Figure 5.
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Fig u re 4. S e d im e n t S a m p lin g Lo c a tio n s

Fig u re 5. Gra in S ize Dis trib u tio n Cu rve s fo r Ho o d Rive r a n d Co lu m b ia Rive r Be d S e d im e n t
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3.4. CONDITIONS MODELED
A single terrain generated by the topographic and bathymetric data described above and several
hydrodynamic and sediment loading scenarios was simulated for the study. A perspective view of
the Digital Terrain Model (DTM) is shown on Figure 6. The model represents the above- and
below-water surfaces as of March 2008, and the domain or physical limits of the model are shown on
Figure 6 (and Figure 1). The time windows simulated are on the order of days.
Fig u re 6. P e rs p e c tive Vie w o f DTM o f Co lu m b ia Rive r a n d Ho o d Rive r De lta

3.4.1. Hyd ro d yn a m ic s
Four hydrodynamic scenarios were modeled to create the hydraulic solutions sets (flow fields) used
in the PTM. The four scenarios represent concomitant conditions for Hood River and the Columbia
River. For example, during flooding season for Hood River (December through March), flow on the
Columbia River is often low. The generated flow fields represent hydraulic conditions for assessing
the average to maximum sediment discharges and depositional characteristics at the mouth, and the
average to maximum erosive forces acting on the accumulated material at the delta. Simulation
scenarios are summarized on Figure 7 and, for comparison of flows, hydrographs for Hood River are
shown on Figure 8.
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Fig u re 7. Flo w Co n d itio n S c e n a rio s fo r Hyd ro d yn a m ic Mo d e lin g

Fig u re 8. Hyd ro g ra p h s fo r Ho o d Rive r fo r Co n d itio n s S im u la te d with RMA-2
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3.4.2. S u s p e n d e d S e d im e n t Lo a d in g
Average and high-average suspended sediment discharges were based on the early USGS and
USACE investigations for Hood River and were checked against the sediment rating curve(s) for the
Sandy River. Suspended sediment discharges during runoff floods were determined from the
sediment rating curves for the Sandy River. Extremely high-concentrations of suspended sediment
that occur with an outburst flood were based on calculations using time-sediment volume relations
from the November 7, 2006 event. The hydraulic and sediment loading conditions for Hood River
are summarized in Table 1.
Ta b le 1. S u m m a ry o f Hyd ra u lic a n d S e d im e n t Lo a d in g Co n d itio n s fo r Ho o d Rive r
Maximum Flow
(ft3/s)
8,570

Total Sediment
Load (tons)
6,700

Runoff Flood (e.g., February 1996)

23,300

27,000

7

Runoff Flood and Outburst Flood
(November 2006)

11,100

205,000

5

Description
High Flow (e.g., November 1995)

18,700

Time Period
(days)
7

Hydraulic loading conditions for the Columbia River are shown in Table 2. For all simulations,
suspended sediment concentrations in the Columbia River are zero (Cs = 0.0 ppm).
Ta b le 2. S u m m a ry o f Hyd ra u lic Co n d itio n s fo r Co lu m b ia Rive r
Description
Freshet Discharge (May - June)

Maximum Flow
(ft3/s)
360,000

Time Period
(days)
7

Late Fall, Early Winter Discharge

175,000

7

Late Winter, Early Spring Discharge

200,000

5

4.

RES ULTS

Some of the study results presented below are based on the results of hydrodynamic and sediment
tracking modeling at the delta, while other results are not directly related to modeling. The latter
findings, including the potential for habitat restoration in the boat basin and flowage easement issues,
are relevant for assessing future impacts to the Hood River waterfront.

4.1. GENERAL SEDIMENTATION PATTERNS
Glacial outburst floods are episodic and a probability or frequency of occurrence cannot be assigned
to the events. However, as a result of glacial retreat, the number of outburst floods initiated on the
slopes of Cascade volcanoes may increase in the future. North of Mt. Rainer, the hydrologic
condition that causes an outburst flood is rapid snowmelt in early to mid-summer. South of Mt.
Adams, the condition that may cause a glacial outburst flood is heavy rainfall in late fall and early
winter before much snow accumulation. For Hood River and the Hood River Basin, the hydrologic
event that could initiate a debris flow is heavy rainfall in November through December, possibly
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combined with some snowmelt; a probable debris flow path is the Eliot Branch of the Middle Fork
Hood River. Although the incidence of debris flows may increase in the future, the USGS has found
that in the Hood River Basin, the impacts of nearly all debris flows have been limited to about 15
kilometers or 9 miles (USGS 1997) from the point of slope failure. Thus, the November 7, 2006
outburst flood and debris flow can be regarded as an anomalous event with respect to both volume of
sediment that slid into the glacial outwash valley, and the great distances that rock and sediment
were transported.
A downstream dam (Bonneville Dam) and numerous upstream dams have altered the flow field, and
consequently the sedimentation patterns, at the mouth of Hood River. Formerly, Hood River was a
steep tributary entering the much larger and unregulated Columbia River and deposition occurred as
a “bird-foot” delta, and a continuous elongated bar and a series of islands downstream from the
mouth. Now because of backwater conditions at the mouth and the relative quiescence of the
Columbia River, sediment carried by Hood River is deposited at the mouth in a classic arcuate
pattern (fan-shaped delta). In addition, because flow and associated velocities in the Columbia River
have been reduced by upstream storage, there has been a concomitant reduction in erosion at the
delta and less sediment is transported downstream especially during the freshet (May-June). Before
regulation of the Columbia River, high flows in May and June likely removed and transported a large
quantity of material away from the delta and deposited it downstream. The long-term process of
degradation, where the surface of the delta was lowered in elevation and the margins of the delta
reduced by removal of material, would have occurred seasonally.

4.2. MODELING RESULTS
The results of combined hydrodynamic and sediment tracking modeling were used to assess and
predict depositional patterns, and to some extent the erosional characteristics for the Hood River
delta, whereas the hydraulic action of the Columbia River largely dominates the erosional evolution
of the alluvial plain.

4.2.1. De g ra d a tio n a n d Lo c a l S c o u r
Columbia River
Maximum hydraulic forces act on the faces and surface of the delta during May through June when
both flow and stage of the Columbia River are high. With flow regulation in place, depth and
velocities at the delta are often not sufficient to remove and transport significant quantities of
sediment from much of the north and eastern surface, and riverward (north) and leeward faces.
However, there is sufficient energy to suspend and transport material from the upstream faces and
surface. A vector field of maximum velocities during the freshet is shown on Figure 9. For the
grain-sizes shown on Figure 5 and assuming shallow depths, a permissible velocity of 2 feet/second
(0.61 meters/second) would be required to mobilize sand particles on the delta. The region where
this velocity occurs is shown on Figure 9 as red and orange in color.
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Fig u re 9. Zo n e (re d /o ra n g e c o lo r) fo r Ero s io n o f De lta Ma te ria l Du rin g Co lu m b ia Rive r Fre s h e t
Flo ws

Hood River
For this discussion of erosion potential for Hood River, a hypothetical case is assumed wherein the
suspended sediment concentration is low even during flood flows. Flood flows for Hood River
during November through February, and when stages of the Columbia River are comparatively low,
result in maximum erosive forces acting on delta sediment. However, Hood River is channelized by
jetties and deposits at the mouth. Thus, with control structures on both banks of Hood River, the
stream’s erosive potential is directional (north to north-northeast trending) through the delta. Prior to
placement of flow control structures, and other waterfront changes, Hood River could potentially
degrade the delta over a larger area, but currently erosion is limited to local scour which is defined as
enlargement of a flow cross-section by the removal of boundary material.
Periods of high-average flows of Hood River can occur during low stages of the Columbia River,
thus causing longer interval of higher velocities at the mouth. As with flood flows, however, jetties
limit the affects of high velocities on delta material. Thus, Hood River at moderate to high flow
events causes directional local scour. The duration of the event may be on the order of hours or days
and the results of the scouring action may or may not be evident after the passing of the flood or high
flow event. The limited erosive potential of Hood River is depicted graphically on Figure 10.
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Fig u re 10. Lo c a l S c o u r o f De lta Ma te ria l b y Ho o d Rive r

Downstream (west) Face and Surface of Delta
Based on RMA-2 results, neither the Columbia River nor Hood River causes erosion on the western
faces and surface of the delta. However, a series of aerial photographs show material loss from the
leeward side of the depositional plain. Prevailing westerly winds in the spring and summer result in
wind-generated waves breaking on the lee shore of the delta. Thus, wave induced sediment transport
is the likely cause of face and surface erosion evident in the time-series aerial photographs.
Although the fate of eroded material is unknown, wave induced sediment transport, in the absence of
other dynamic forces, does not carry material far from its point of origin. The rate and extent of
wave induced erosion cannot be predicted without using 3-D wave models and performing extensive
simulations.
The current configuration of the delta, both surface elevation and areal extent to the north and
northwest, will likely persist for the long term. The upstream face and surface of the delta will be
eroded by the Columbia River seasonally and the downstream face and surface may be subject to
wave induced erosion. An important distinction between the upstream and downstream sides of the
delta is the fate of mobilized material; sediment mobilized during the freshet will be transport away
from the mouth, whereas wave-induced transport mostly redistributes material within the local
domain. Hood River will continue scouring single, northward trending channels through delta
sediments.
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4.2.2. Ag g ra d a tio n a n d Ep is o d ic De p o s itio n
Aggradation (including deposition by floods)
Aggradation is the long-term process by which streambeds and floodplains are raised in elevation,
and bars and deltas are increased in area due to the deposition of material eroded and transported
from other areas. Both aggradation and episodic deposition at the delta are dominated by fluvial
processes of Hood River and not the much larger Columbia River.
After completion of The Dalles Dam in 1957, the USACE measured suspended sediment amount of
the Columbia River at Hood River. The Columbia River carried less than 60 ppm suspended
sediment concentration even during high-water periods and instantaneous maximum concentrations
of 200 ppm. The USACE (1961) concluded that, “it is apparent that suspended sediment rate is
comparatively low in the Columbia River.” The Columbia River is unlikely to add much sediment to
the delta in the long term (USACE 1961).
Average suspended sediments amounts measured in Hood River, and nearly all Cascade streams, are
low when compared with loads carried by streams in other regions of the country. However, with a
diminished erosion environment at the confluence, the comparatively small average annual sediment
discharge of Hood River becomes more significant as material deposited at the mouth might remain
for long periods.
Frequency floods may increase the sediment discharge of Hood River for short periods. It is not
unusual to have a large percentage of the annual deposition occurring during one or two short-term
floods (floods of several hours or a few days in duration). Based on the sediment rating curve
developed for the Sandy River, the February 1996 flood may have carried at least 30,000 tons of
coarse material to the mouth of Hood River. For Hood River, this flood had a 5% frequency of
occurrence (frequency is associated with the water discharge and not the sediment discharge).
Episodic Deposition
Because Hood River is glacier-fed stream, it is subject to glacial outburst flooding and associated
debris flows. The outburst flood is superimposed on rainfall-runoff flood flows as shown by the
hydrograph on Figure 8. The probability of an outburst flood and debris flow recurring cannot be
determined; hence, the term episodic is attached to such events.
Deposition maps for the three sediment and hydraulic loadings summarized on Table 1 are shown in
Figures 11, 12, and 13. A cross-section line (red line) is shown on Figure 11, and the location of a
July 2009 vessel grounding is shown on Figure 12 as a black point. Figure 14 depicts the depths of
accumulation extracted from the profile line shown on Figure 11 for the three cases described
previously. The profile of accumulation for the debris flow is plotted on the right vertical axis of the
figure.
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Fig u re 11. De p o s itio n a fte r Ru n o ff a n d Ou tb u rs t Flo o d s with Extre m e ly Hig h S u s p e n d e d
S e d im e n t Co n c e n tra tio n
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Fig u re 12. De p o s itio n a fte r La rg e Ma g n itu d e Ru n o ff Flo o d with Hig h S u s p e n d e d S e d im e n t
Co n c e n tra tio n
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Fig u re 13. De p o s itio n a fte r P ro lo n g e d P e rio d o f Hig h Flo w a n d Ave ra g e S e d im e n t
Co n c e n tra tio n
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Fig u re 14. De p o s itio n P ro file s Extra c te d fro m th e Re d P ro file Lin e S h o wn o n Fig u re 11

4.3. IMPACTS TO HOOD RIVER WATERFRONT
4.3.1. S e d im e n ta tio n
Although sedimentation has affected areas of the Hood River waterfront prior to November 2006, the
glacial outburst flood and debris flow that occurred in 2006 was a system changing event. Based on
aerial photographs taken after construction of the current waterfront was mostly complete, the dry
area of the depositional plain varied from 25 to 40 acres from early 1970 to late 2006. The delta
increased in area to approximately 85 to 95 acres after the 2006 event with an average surface
elevation of 79 feet NAVD.
Although the November 7, 2006 outburst flood and debris flow was a rare occurrence, a constructive
conclusion can be inferred from simulations of this extreme event: the areal limits of the delta were
defined by the outburst flood and debris flow of 2006. Even in the unlikely occurrence of another
such event, the areal extent of the delta will not increase, although the surface of the depositional
plain would increase in elevation. Thus, the entrance and approach to Hood River Marina will not be
impacted by any extreme depositional occurrence in the future. Conversely, the entrance to Nichols
Boat Basin would likely be completely blocked by deposition from another outburst flood.
Likewise, the Event Site would be affected by heavy deposition of sediment.
The PTM simulations of a large runoff flood shows material deposited on the delta and also carried
into the preferential flow path (the channel scoured by Hood River) and out into the main channel of
the Columbia River (see Figure 12). The latter transport pattern might affect approaches to the Hood
River waterfront for larger vessels, although it appears from the particle tracking simulations that the
Columbia River has sufficient energy to mobilize and transport this material downstream.
Aggradation, including increased deposition from floods such as December 1977 and February 1996,
will not affect waterfront property upstream of the mouth – notably the Marina entrance, but the
Nichols Boat Basin and Event Site could see further accumulation.
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Waterfront areas downstream of the mouth will continue to be affected by sedimentation patterns
that can occur in a typical hydrologic period. The latter expression refers to average daily sediment
discharge in November through March with perhaps one or two short duration flood flows carrying a
higher than average sediment load to the mouth.
A notable result of particle tracking is that irrespective of flow conditions material is preferentially
transported to the left (western) side of the Hood River entrance. This general simulation result
suggests that accumulation of sediment downstream of the mouth and adjacent to the waterfront will
be a continuing occurrence, with the only variable being the amount deposited. The amount of
material deposited in the vicinity of the Nichols Boat Basin and Event Site will be a function of the
volume of sediment transported by the river.
A final impact is the apparent change to the flow field immediately downstream of the delta along
the waterfront from the Event Site towards The Hook. The added sediment at the mouth has likely
increased both the extent and rotational velocity of an extant eddy. The rotational flow is indicated
by the vectors shown in Figure 15. As a wastewater outfall is located approximately 1,800 feet west
of the delta and within the zone of influence of the eddy, it presents a potential public potential
health hazard by possibly circulating effluent within an area heavily used by recreationists.
Fig u re 15. Flo w Tra c e S h o win g La rg e Ed d y We s t o f th e De lta
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4.3.2. P o te n tia l fo r Ha b ita t Re s to ra tio n
On February 3, 2010, USACE Portland District staff conducted a site visit to qualitatively assess the
present functional components of the Nichols Boat Basin. Additionally, very generalized thoughts
for future assessment of the present habitat quality were noted, as discussed below.
The present site condition does not appear to be quality functional shallow-water habitat for
salmonids or other aquatic species (e.g., Pacific lamprey). There is very little riparian vegetation on
the west side of the basin that was composed of Himalayan blackberry and other small to medium
shrubs. The east side had a higher density of riparian vegetation with a combination of trees (mainly
an alder species) and shrubs (snowberry and others). No wetland plants were present and the shore
on both sides was mostly riprap. The basin’s southern end was a gradual slope to upland with a large
amount of fill material in mounds. The substrate appeared to be mixed sediment and rock. A visible
sheen and “crust” of what appeared to be petroleum was present along the south shore.
During the site visit the Columbia River stage was such that connectivity between the boat basin and
the Columbia River was limited to a narrow, shallow channel. A qualitative assessment of
reconnection to the Columbia River to improve water quality and provide the potential for
restoration was determined at this time to be of little benefit. The only potential location for
reconnection was on the downstream side making fish access limited. Potential fish use of the basin
would be limited to downstream migrating juvenile salmonid species, which would require a
connection at the upstream side of the basin and sediment delta.
Future assessments of the habitat quality and potential for restoration could be made with some
limited physical and biological evaluations. Samples of substrate materials could assess the potential
for juvenile Pacific lamprey habitat. Water quality measurements would also add some quantitative
assessment of present and future restoration qualities. Biological sampling to assess juvenile and/or
adult fish presence (species composition and abundance), prey species availability (species
composition and abundance), and presence of organic material also could be useful.
Based on the qualitative assessment, the existing boat basin appears to have minimal restoration
potential. The largest opportunity for habitat restoration in the local vicinity would be some type of
restoration and/or enhancement actions of the large delta being formed outside of the boat basin. If
left to natural processes and not impacted by human activity, this area may evolve into the delta that
was historically present (Tetra Tech 2009). Restoration actions could easily expedite the formation
of the functional delta with wetland and riparian plantings and additional ecological engineering. A
thorough analysis of Bonneville Pool elevations would help inform the design of a delta
enhancement project and more specifically vegetation management potential.

4.3.3. Flowa g e Ea s e m e n t Is s u e s
One of the key elements associated with the future use of the Nichols Boat Basin is the existence of
two federal flowage easements across the property. Changes that involve fill could be limited by the
existing flowage easements. Thus, it is important to understand details about the easements and
whether the USACE would consider extinguishment or other modification to the flowage easements
and under what terms.
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Bonneville Dam was constructed between 1933 and 1943. A flowage easement (1100 E-1) was
obtained for land within the expected pool elevation. A second powerhouse and spillway were
constructed at Bonneville Dam between 1974 and 1982. Addition of the second powerhouse
necessitated peaking at the project, thus requiring modification to the original flowage easement
(1100 E-2). The 1938 easement is in place up to elevation 95.7 feet, which is about the elevation of
the existing highway. Easement 1100 E-1 allows only for the right to flood the property; there are no
other apparent restrictions. The 1974 easement overlaps portions of 1938 easement and is more
restrictive; for example, it restricts human habitation. The only area of concern is the upper most
part of the Nichols Boat Basin.
The USACE purchases certain rights associated with periodic water storage on the property through
flowage easements. The easements do not include the absolute control associated with ownership in
fee. According to Engineer Regulation 405-1-12, Real Estate Handbook, no structure for human
habitation shall be constructed or maintained on the land, no other structure shall be constructed or
maintained on the land except as may be approved in writing by the USACE, and no excavation shall
be conducted or landfill placed without USACE approval. Under the standard flowage easement, the
land use decisions under the purview of the Portland District Commander are approval for structures
other than for human habitation, and approval of excavations or landfill placements.
The USACE Policy Guidance on considerations in making land use decisions and recommendations
for flowage easements is presented below (Policy Guidance Letter No. 32, Use of Corps Reservoir
Flowage Easement Lands, 28 April 1993, updated 19 May 1999).
A. Structures Other than for Human Habitation. Approval for structures other than for
human habitation rests with the District Commander. However, to insure national and
regional consistency in policy application, any approval action must be coordinated with the
Division Commander before it is finalized. The following criteria should be used for
evaluating the approval of these structures on flowage easement lands.
1. Compatibility with Project Operations. The structure must be compatible with
project operations. Therefore, any proposal which would result in a significant
increase in debris or sedimentation in the reservoir will not be approved. Any
proposed structure for the production or storage of highly volatile, hazardous, toxic,
or water reactive materials will not be approved.
2. Compatibility with Floodplain Management. In accordance with the
requirements of the national policies on floodplain management, any nonresidential
structure (building), including such structures as barns and storage buildings, must
be elevated above the 100-year floodplain or flood pool or flood proofed watertight
to or above the 100-year flood level. Also, the landowner must demonstrate that
there is no practical alternative to location of the structure other than within the
flood pool or floodplain. Certain types of development are compatible with periodic
low velocity inundation including parking lots and other paved surfaces, field
recreation facilities (backstops, goal posts, etc) and open type structures (picnic
shelters). These kinds of developments would generally be approved unless their
construction reduced the flood control storage capacity of the project or
considerations of safety or property damage preclude the approval (for example,
inadequate warning time to evacuate people from a recreation area).
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B. Excavations or Landfills. The primary consideration in approving excavations or landfill
placements is the preservation of the flood storage capacity of the project. Therefore,
landfill placements will not be approved unless substitute flood storage is provided.
Proposals for excavation and grading of flowage easement areas will not be approved if they
result in loss of flood control storage. Approval authority for excavations and landfills rests
with the District Commander. However, to insure national and regional consistency in
policy application, any approval action must be coordinated with the Division Commander
before it is finalized.
C. Release from Restriction on Human Habitation. Generally, the restriction on human
habitation will not be recommended for release. Human habitation below the flood control
or navigation pool elevation places an undue limitation on the Congressionally authorized
operation of the project. However, if it can be demonstrated that the release will not result in
a significant threat to human life, health, or safety and will not place or suggest any
restriction on the operation of the project, the release may be approved under certain
conditions. As with other structures, such developments must meet the requirements of
national policy on floodplain management as set forth in Executive Order 11988 and its
implementing regulations. Executive Order 11988 requires consideration of alternatives
which avoid the floodplain wherever practical. Therefore, any landowner requesting relief
from the restriction on human habitation in a floodplain or project pool must also
demonstrate that there is no practical alternative to the location of the habitable structure. In
addition to satisfying these requirements, if there is any threat to human life, the proposal for
release of the human habitation restriction will not be recommended for approval. However,
if it can be demonstrated that there would be adequate warning time to evacuate the structure
in the event of a flood that would inundate the site, and that non-flooded egress out of the
area would be available for evacuation including non-flooded egress out of the project area
(offsite), then it may receive approval. Proposals for release of human habitation restriction
must be submitted through the Division to HQUSACE for approval by ASA(CW). The
human habitation restriction is a property right acquired by the Federal Government that
must be released by a deed, including the provision for adequate compensation for the
disposal.
If the Port is interested in filling part of the boat basin, based on the above guidance the federal
flowage easement between the basin and the Columbia River channel should be extinguished.
Flowage easements themselves are not extinguished frequently or easily but they can be modified as
described above. To provide for a more focused discussion about the possibility of modifying the
boat basin, the Port should develop a conceptual plan for the Nichols Boat Basin and coordinate with
the Real Estate office of the Portland District. The Portland District would then assess the impact of
the project on the two flowage easements.
The Port may pursue an amendment to the existing PAS project to assist in preparation of a more
detailed plan. Alternatively, the Port may directly prepare a specific request for formal review or
legislative action without seeking assistance through the PAS program.

4.3.4. Ec o n o m ic e ffe c ts o f win ds p o rt re c re a tio n
Economic effects the windsport recreation was evaluated by Tetra Tech Inc. in May 2009. The
evaluation examined effects based on four visitation levels, no, low, medium, and high growth.
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Economic effects are described in detail in the report “Economic Effects of Water Related
Recreation at the Port of Hood River” (May 2009).

4.3.5. S e d im e n t Qua lity
The Port of Hood River was concerned about waterborne access to the Nichols Boat Basin. To
achieve the desired access, approximately 9,800 cy of material would need to be dredged. Prior to
any dredging activity, the Port would be required to assess the quality of the sediment. This
evaluation was completed as part of the PAS study. The USACE determined the sediment consisted
mainly of cobbles and sands and was suitable for in-water disposal. Detail methods and results are
provided in the “Hood River Delta, Sediment Quality Evaluation Report.” (USACE, June 2009)
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5.

RECOMMENDATIONS

Among the options the Port may consider for remediating deposition at the mouth of Hood River are
dredging and building new flow control structures, or modifying exiting ones. These options are
discussed in detail below.
•
•

•

•

No action is required to maintain access channels and the entrance to the Hood River
Marina.
Although not directly affected by sediment deposition, the large eddy downstream of the
delta and its location relative to the wastewater treatment plant outfall should be investigated
further. The outfall may require relocation to prevent the circulation of effluent along the
banks of the waterfront park and up to the Event Site.
Adding length to the existing jetty and spur, especially the western-most structure, appears to
prevent future deposition from occurring at both the entrance to the Nichols Boat Basin and
the Event Site. As shown in Figure 12, sediment can be transported up to 2,000 feet north of
the delta and well out into the Columbia River. Although there is potential for adding some
length to the jetty and spur at the entrance to the river, adding significant length (more than
150 feet) would raise the potential for sedimentation impacts to the federal navigation
channel and to the access to Port moorings. Substantially increasing the length of the two
structures at the mouth could not be undertaken without first addressing concerns about
hazards to navigation that may be raised by federal, state, and commercial interests.
Dredging is almost always an option for ameliorating unwanted deposition. The timing and
volume of annual dredging at the waterfront cannot reasonably be estimated from the results
of this study. A lengthy study of sedimentation processes in Hood River Basin, including
calculating an annual sediment budget, would be needed for any estimate of annual dredging
quantities at the delta. Thus, the current practice of dredging as required would likely
remain as the best option for the Port. However, modeling results show that modifying the
flow pattern at the mouth of Hood River may reduce or eliminate the need for dredging.

The Hood River waterfront as of January 3, 1971 is shown in Figure 16. Superimposed on the
photograph is the velocity field for flow conditions on the Columbia River and Hood River on that
same date but with March 2008 bathymetry. The general configuration of the Hood River channel
and entrance from Interstate 84 northward is largely unchanged in nearly 40-years.
A sediment plume is visible and ostensibly validates the PTM result that the channel configuration
creates a preferential flow path and consequently a preferential path for suspended sediment. A
natural hard point, where the right abutment of the pedestrian bridge is now located, perturbs the
flow field of the channel. The effect of the perturbation is manifest in the slight S-shape appearance
of the velocity field shown on Figure 16 (and other figures as well). A meander of Hood River
would be initiated downstream of the hard point if the channel were not constrained by bank
protection and structures; however, deposition of sediment on the inside of bends where channel
expansions are imposed is already evident in the 1971 photograph. The location of the jetty that
forms part of the east side of the Nichols Boat Basin is such that the channel cross-section expands at
the jetty root resulting in decreasing velocities and concomitant settling of material transport to the
mouth of the river. The current problematic configuration at the mouth can be modified to improve
flow and sedimentation characteristics along the downstream waterfront.
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Fig u re 16. Flo w Fie ld a t Mo u th o f Ho o d Rive r (b a c kg ro u n d p h o to d a te J a n u a ry 3, 1971)

Two jetties, one interior (river side) of the current structure and another added to the spur on the right
(east) bank of Hood River will favorably alter flow conditions at the mouth. The proposed jetty on
the boat-basin side of the channel should be placed as far as possible to the east of the existing
structure and run parallel to the existing structure and then be realigned in an upstream direction.
The right-bank jetty can be aligned parallel to the river channel with the jetty root tied to the spur on
the Marina’s north side. The proposed modifications are shown in Figure 17.
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Fig u re 17. P ro p o s e d Mo dific a tio n s a t th e Mo u th o f Ho o d Rive r

The effects of the modifications will be to narrow the cross-sectional area of the mouth of Hood
River, thus maintaining main channel velocities well past the current location where the river section
expands and velocities decrease; and to change the direction of flow and transport suspended
sediment away from the boat basin entrance and Event Site. Alternative jetty designs other than a
traditional rock design or a rock-covered earth berm may be suitable and dredging to reopen the boat
basin entrance may be needed after the structures are built.

6.

FUTURE WORK

Additional 1-D and 2-D hydrodynamic modeling is required to design the proposed structures.
A 2-D model, such as RMA-2, can be used to assess changes to the flow field caused by adding
hard-features in the channel and to determine required lengths and alignments of proposed structures.
Additional particle tracking may also be needed to further characterize the changes in flow and in
sedimentation patterns. A 1-D model is suitable for developing a wide range of flow-stage relations
at the mouth. The flow-stage relations will be used to determine the elevation of the proposed
training structure. The geometry files for both 2-D and 1-D models require updating with the latest
bathymetry. The stage-flow relations generated by the 1-D model can be input into the Hydrologic
Engineering Center Ecosystems Function Model (HEC-EFM; USACE 2009)
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The HEC-EFM is a planning tool for analyzing ecosystem responses to changes in the flow regime.
Because establishing vegetation on the Hood River delta is of interest to the Port and other parties,
the HEC-EFM can generate spatial layers (maps) of areas and depths of inundation on the delta. In
addition, HEC-EFM performs statistical computations for describing the seasonality and percent of
time that areas of the delta are inundated or dry. A botanist or biologist could then use the output
generated by HEC-EFM for selecting the appropriate plant species and the suitable locations for
establishing vegetation on the delta.
Sampling for salmonids or other fish is required to gain a thorough understanding of current fish use
of the Nichols Boat Basin. This sampling would require an ESA permit, although it may be possible
to contract with someone who has an existing scientific permit. Electrofishing would be necessary to
sample for Pacific lamprey ammocoetes in the substrate. Additionally, some type of prey sampling
and associated fish feeding studies would further clarify existing fish habitat. There is a large range
of costs for fish sampling efforts, which typically can range from $100,000 to $500,000 depending
on the level of effort.
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