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Top, an eagle’s nest on the Lewis and Clark Refuge.  Above, a Canada geese brood.  Photos: USFWS 
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Chapter 3. Physical Environment 
 
3.1 Refuge Introductions 
 
Where the Columbia River nears the end of its journey to the Pacific Ocean, the river’s fresh 
water merges with the Pacific Ocean’s salt water forming the lower Columbia River estuary.  In 
an estuary, the river has a direct, natural connection with the open sea.  This transition from fresh 
to salt water creates a special environment that supports unique communities of plants and 
animals, adapted for life at the margin of the sea.  Estuarine environments are among the most 
productive ecosystems on earth (Odum 1971, Reimold 1977, Jerrick 1999, and a bibliography of 
coastal marsh productivity in Gulf South Research Institute 1977).  It is at this area of the 
Columbia River that two national wildlife refuges, Julia Butler Hansen and Lewis and Clark, 
become intertwined with the Columbia River and the lower Columbia River estuary.   
 
Both refuges are located in the lower reach of the Columbia River with lands and waters in 
southwest Washington (Wahkiakum County) and in northwest Oregon (Clatsop and Columbia 
Counties).  Since the early 1970s both refuges have played important roles in the protection and 
management of this ecologically rich area.  Both refuges are part of the Willapa National 
Wildlife Refuge Complex.  The refuge complex office is located approximately two miles west 
of Cathlamet, Washington, along Washington State Highway 4, within the Julia Butler Hansen 
Refuge.   
 
The Lewis and Clark Refuge’s acquisition boundary encompasses 33,000 acres of the lower 
Columbia River estuary, including 18 named islands and numerous sand bars, mud flats, 
unnamed intertidal marshes, and areas of open water in northern Clatsop County, Oregon (Map 
2).  The refuge also includes three small units on the Oregon mainland; Tongue Point, Emerald 
Heights, and Brownsmead.  Both the Service and the State of Oregon own land within the 
refuge’s land acquisition boundary, with the refuge owning 12,166 acres and the State owning 
the remainder, including uplands and tidelands.  At one time, the refuge had agreements with the 
State and County to manage their lands within the refuge’s acquisition boundary as part of the 
refuge.  Both agreements have expired, with Clatsop County donating all county lands to the 
refuge and the ODSL retaining ownership and management authority over State lands. 
 
The Julia Butler Hansen Refuge is divided into seven management units (Map 3).  The 
Mainland, Hunting Island, and Price Island units are located in Washington.  The Tenasillahe 
Island, Wallace Island, Westport, and Crims Island units are located in Oregon.  
 
The Mainland Unit contains 2,000 acres and is located along the Columbia River between the 
towns of Cathlamet and Skamokawa, Washington.  The Elochoman River joins the Columbia 
River in the southeast part of the unit.  Most of the unit is diked along the rivers to prevent tidal 
flooding.  Drainage is accomplished by six tide gates, a pump, and a system of ditches and 
natural sloughs that move water from within the diked area into the rivers and sloughs outside 
the dikes.  The unit’s vegetative cover is a mosaic of brushy woodlots, actively managed 
pastures, and old grass fields.  The Mainland Unit also includes approximately 60 acres of 
forested intertidal swamp and marsh on the east side of the Elochoman River that is not diked. 
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The Elochoman River separates the Hunting Island Unit from the southwestern edge of the 
Mainland Unit.  The refuge owns the majority of the island, while parts of the southern tip are 
being held in trust by the Bureau of Indian Affairs.  Forested intertidal swamp and shrub/scrub 
occupy most of the island, although there are a few areas of intertidal marsh totaling perhaps 100 
acres.  
 
Price Island lies along the northwestern edge of the Mainland Unit, separated from the mainland 
by Steamboat Slough.  The northern 57 acres of Price Island are owned/managed by the refuge, 
and the while Wahkiakum County owns approximately 61 acres of the southern end of the 
island.  The island is primarily a Sitka spruce intertidal swamp, although there is a sandy upland 
of 4 acres that was created by dredge spoil.  
 
Tenasillahe Island lies just across the main channel of the Columbia and west of the Mainland, 
Hunting Island, and Price Island units.  The island is approximately 1,950 acres in size, of which 
1,700 acres are surrounded by a dike.  The diked area is similar to the Mainland Unit in water 
drainage and land cover.  The interior drainage of the island is accomplished by ditches, sloughs, 
and four tide gates in two locations.  The island’s vegetation is a mix of woodlots, brush, 
pastures, and old grass fields.  The southern tip of the island consists of a black cottonwood/Sitka 
spruce intertidal swamp that encompasses 175 acres and is not diked.  
 
Wallace Island is located in the Columbia River between river miles 47 and 50, approximately 
10 miles upstream (southeast) of the Mainland Unit.  It is on the south side of the Columbia, at 
the mouth of the Clatskanie River and is separated from the Oregon mainland by Wallace 
Slough.  The 579-acre Wallace Island consists almost entirely of a cottonwood/willow intertidal 
swamp, with two small reed canary-grass dominated meadows.  This unit also includes 
Kinnunen Cut, a 47-acre island located in the lower Clatskanie River one-half mile south of the 
eastern end of Wallace Island, and 3.55 acres on adjacent Anunde Island.  The remaining acreage 
of Anunde Island is in private ownership.  The vegetation on Kinnunen Cut and Anunde Islands 
is a mix of cottonwood/willow swamp and wet meadows dominated by reed canary-grass.  
 
Crims Island is located at the far upstream end of the refuge on the Columbia River between 
river miles 54 and 56.  It is the newest addition to the refuge and consists of a main island and 
peninsula separated by a slough channel to the north.  The island is separated from the Oregon 
mainland by the Bradbury Slough to the south, and to the north it is separated from the 
Washington mainland by the Columbia River ship channel.  The refuge owns 473 acres and 
shares ownership of the remainder of the island with four adjacent owners.  Gull Island which is 
located at the tip of the northern peninsula is separated by a narrow channel to the east from the 
peninsular portion of Crims Island and by a larger slough channel to the south from the main part 
of the island.  This 750-acre Crims-Gull Island Complex is dominated by a large reed canary-
grass meadow in its center with, a 90-acre cottonwood/willow intertidal swamp to the west and 
an accreted spoil site with cottonwoods on the northern peninsula.  
 
The Westport Unit is located on the Oregon mainland approximately four miles southeast of the 
Mainland Unit and one mile east of the town of Westport.  The Westport Unit is 145 acres and 
bordered on three sides by Westport Slough and on one side by Oregon State Highway 30.  The 
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unit's vegetation is dense cottonwood/willow and shrub/scrub swamp.  Three small parcels which 
total less than 18 acres are located between the refuge boundary and the Westport Slough. 

 
3.2 Climate 
 
The refuge has a mild marine climate characterized by moderate temperatures, high humidity, 
copious rainfall, and breezy winds.  National Weather Service stations in Kelso, Washington and 
Astoria, Oregon are representative of climate at the extreme easternmost and westernmost 
portions of the refuge.  Both sites carry extensive historical records of temperature, wind, 
humidity, precipitation, and other climatic data.  Two other Remote Automated Weather Stations 
are located within 12 miles of refuge headquarters but both are situated above 2,000 feet in 
elevation, therefore, are not representative of refuge climate.  Data for refuge locations between 
Kelso and Astoria is very limited; however an unofficial weather station which records just 
precipitation and temperatures has been maintained at refuge headquarters two miles north of 
Cathlamet, Washington, since 1980.  In addition, data from other nearby weather recording sites 
at Grays River, Naselle, and six miles northeast of Cathlamet, Washington are available.   
 
Area temperatures are mild.  The average annual temperature recorded at Astoria, Oregon is 51 
degrees Fahrenheit (oF).  The annual average maximum and minimum temperatures for the 
Astoria area from 1953 to 2008 were 58.3oF and 43.6oF, respectively (WRCC 2009).  Snow is 
very infrequent throughout the refuge and occurs less than three days per year.  More extensive 
snow and ice storms with more than two or three inches of frozen precipitation occur on average 
every seven to ten years.  Cloud cover is extensive with over 75 percent of the days being mostly 
to partly cloudy.  As would be expected, cloud cover at the coast is highest with the overcast 
marine layer being common on most summer mornings. 
 
Minimum and maximum temperatures and precipitation throughout the refuges is extremely 
variable.  Since 1980, an average of 64 inches of precipitation has fallen each year at refuge 
headquarters.  Other local annual averages include 45 inches at Kelso, Washington, and 115 
inches at Naselle, Washington.  Approximately 75 percent of the annual precipitation occurs 
during November through March.  In the wettest months of November, December, and January, 
precipitation is frequently recorded on 20 to 25 days or more each month.  During the driest 
months of July and August, it is not unusual for two to four weeks to pass with only a few 
showers.  In Astoria, July and August are the driest months of the year. 
 
During the winter, rainfall is usually of light to moderate intensity and continuous over a period 
of time, rather than heavy downpours for brief periods.  Thunderstorms are unusual but occur 
periodically every few years, most often in spring and summer.  Fog and drizzle are common, 
occurring year-round and often from October through June.  Snowfall occurs almost yearly with 
an average of 4.1 inches annually at Astoria.  Unusual years can bring greater volumes of snow, 
as in the winter of 1949-1950 when over 39 inches of snow fell in the Astoria area.  Snowfall in 
the area has become less common in the past 20 years possibly due to global climate change. 
 
Onshore westerly winds from the Pacific Ocean are predominant year round at the Julia Butler 
Hansen and Lewis and Clark refuges.  The average annual wind speed at the airport in Astoria, 
Oregon, is 7.9 miles-per-hour (mph).  Average monthly wind speeds in Astoria range from 6.8 
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mph in October to 9.1 mph in December.  The prevailing wind direction in summer is northwest 
and in winter southwest and west.  Drier east and southeasterly winds are uncommon, but occur 
periodically each year and are often associated with moderate down-slope winds off of the 
Cascade Mountain range.  Strong southwest winds usually accompany annual winter storms, 
which can result in sustained winds of 40 to 65 mph, with gusts from 90 mph to more than 100 
mph.  Hurricane force winds (greater than 74 mph) are experienced almost annually and 
occasionally produce a recognized hurricane.  
 
A windstorm packing hurricane force winds battered the coasts of Washington and Oregon 
during December 1-3, 2007.  Winds with this storm were second only to that of the 1962 
Columbus Day Storm with a recorded gust of 129 mph at Bay City, Oregon (reports of as much 
as 147 mph at unpopulated areas); however, the longevity of winds with this storm far exceeded 
the Columbus Day Storm with sustained winds in excess of 50 mph for over two days.  This 
storm also delivered significant wave heights (top 1/3 of wave heights) of up to 48 feet, before 
the storm unmoored the buoys that were being used to measure the storm’s waves and caused 
significant flooding on coastal rivers.  This led to the closure of all east-west roads through the 
Coast Range into the Willamette Valley and cut power to the area for at least four days (National 
Weather Service 2009).  Tongue Point and the Emerald Heights Unit forests sustained a 
significant amount of damage from this storm. 
 
 

 
          Emerald Heights storm damage, December 2007.  Photo: USFWS 
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3.3 Climate Change 
 
A growing body of scientific evidence has emerged supporting the theory of human-caused 
global climate change.  During the 20th century, the global environment experienced increases in 
average worldwide temperatures, sea levels, and chemical concentrations.  Average annual air 
temperatures on the earth’s surface have increased by 1.3°F since the mid 19th century (Solomon 
et al. 2007).  Furthermore, the increasing trend in global temperatures over the last 50 years is 
approximately twice the trend of the previous 50 years (IPCC 2007).  Globally, 11 of 12 years 
from 1995 to 2006 surface temperatures are the warmest on record since 1850 (IPCC 2007). 

During the next 20 to 40 years, the climate of the Pacific Northwest (Washington and Oregon) is 
projected to change significantly.  Global climate models project mid-21st century temperatures 
in the northwest that are well outside the range of temperature observed in the 20th century. 
They also suggest important changes in future precipitation: nearly all the climate models project 
wetter winters and drier summers in the 2020s and the 2040s (Mote et al. 2003). 

3.4 Predicted Future Ecological Trends   
 
Projected temperature increases for the coming century are expected to increase the proportion of 
winter precipitation falling as rain, increase the frequency of winter flooding, reduce snowpack, 
increase winter stream flow, result in earlier peak stream flow, and decrease late spring and 
summer stream flows (Hamlet and Lettenmaier 1999, Mote et al. 2003, Payne et al. 2004, Mote 
et al. 2005, Hamlet et al. 2007, Tague et al. 2008 cited in Lawler et al. 2008.).  Summer stream 
flow reduction is expected to continue and become more widely spread (Mote et al. 1999, Miles 
et al. 2000, Snover et al. 2003, Mote 2003a, 2003b, Stewart et al. 2004).  For example, July-
October decreases in the Tualatin Basin stream flows are expected to reach 10 to 20 percent by 
2040 (Palmer et al. 2004). 
 
While the region is forecast to become wetter overall, the projected increase in precipitation is 
less than the precipitation range associated with natural decadal variability (Hamlet et al. 2005). 
Furthermore, most increases in precipitation are projected for the winter months.  Likewise, 
increases in winter stream flows have the potential to increase the risk of winter floods, and 
streambed scouring events (Climate Impacts Group 2009).  Secondary to warmer temperatures, 
some of the changes/effects in the Pacific Northwest that we are likely to see over the next 20 to 
40 years include the following (Climate Impacts Group 2009). 
 

 Changes in water resources 
 Decreased mountain snowpack 
 Earlier snowmelt 
 Higher winter stream flow in rivers that depend on snowmelt 
 Higher winter stream flow in rain-fed river basins if winter precipitation increases in 

the future as projected 
 Lower summer stream flow in rivers fed by snowmelt (most rivers in the Pacific 

Northwest) 
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 Earlier peak (spring) stream flow in rivers fed by snowmelt (most rivers in the Pacific 
Northwest) 

 Decreased water for irrigation, fish, and summertime hydropower production 
 
 Changes in salmon  
 Increased difficulties due to increased winter floods, decreased summer stream-flow, 

and increased water temperature 
 

 Changes in forests 
 Overall, the Pacific Northwest is likely to see increased forest growth regionwide 

over the next few decades followed by decreased forest growth, as temperature 
increases overwhelm the ability of trees to make use of higher winter precipitation 
and higher carbon dioxide. 

 Seed regeneration may be impeded by higher temperatures. 
 Forest fires could potentially increase. 
 Potential for extinction of local populations and loss of biological diversity if 

environmental shifts outpace species migration rates and interact negatively with 
population dynamics. 

 
 Changes along the coasts 
 Increased coastal erosion and beach loss due to rising sea levels 
 Increased landslides due to increased winter rainfall 
 Permanent inundation, especially in south Puget Sound around Olympia 
 Increased coastal flooding due to sea level rise and increased winter stream-flow from 

interior and coastal watershed 
 

 Temperature Changes 
 The temperature has increased.  The average annual temperature increased 1.5°F (0.7-

0.8°C) in the Pacific Northwest between 1920 and 2003.  The warming has been 
fairly uniform and widespread, with little difference between warming rates at urban 
and rural weather monitoring stations.  Only a handful of locations recorded cooling. 
The warmest year was 1934, and, the warmest decade was the 1990s (Mote 2003b). 

 Warming trends have been most evident between 1930 and 1995 during the months 
of January-March.  The minimum daily temperature rose faster than the maximum 
daily temperature through the mid-20th century.  In the second half of the 20th 
century, minimum and maximum temperatures rose at about the same rate (Mote 
2003b, Hamlet and Lettenmaier 2007).  

 
 Precipitation Changes 
 Decadal variability has dominated annual precipitation trends.  Annual precipitation 

increased 14 percent for the period 1930-1995 for the Pacific Northwest region.  
Subregional trends ranged from 13 percent to 38 percent (Mote 2003).  However, 
these trends are not statistically significant and depend on the time frame analyzed.  
Decadal variability is, therefore, the most important feature of precipitation during the 
20th century. 
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 Cool season precipitation variability has increased.  Cool season precipitation in the 
Pacific Northwest is more variable from year to year, displays greater persistence, and 
is more strongly correlated with other regions in the West since about 1973 (Hamlet 
and Lettenmaier 2007). 

 Between 1950 and 2000, April 1 snow water equivalent (SWE) declined at nearly all 
sites in the Pacific Northwest.  The declines are strongest at low and middle 
elevations, and can be explained by observed increases in temperature and declines in 
precipitation over the same period of record (Mote et al. 2003b, Hamlet et al. 2005, 
and Mote 2006).  Many low elevation stations showed SWE declines of 40 percent or 
more (Mote et al. 2003b, Mote et al. 2005).  Timing of peak runoff has shifted. 
Timing of the center of mass in annual river runoff in snowmelt basins shifted 0-20 
days earlier in much of the Pacific Northwest between 1948 and 2002 (Stewart et al. 
2005).  The largest change in these trends occurred in the Pacific Northwest, 
including the mountain plateaus of Washington, Oregon, and western Idaho.  These 
findings are corroborated by modeling studies which show similar changes in runoff 
timing (Hamlet et al. 2007)  

 
3.5 Detailed Future Climate Change in the Pacific Northwest 
 
3.5.1 Sea Level Rise 
 
The National Wildlife Federation engaged sea level rise modeling expert Jonathan Clough, of 
Warren Pinnacle Consulting, Inc., to simulate and report effects to coastal habitats in 10 areas in 
the Puget Sound, as well as coastal sites from the Willapa Bay in southwest Washington to the 
Tillamook Bay in northwest Oregon.  One of the sites included in the report was the mouth of the 
Columbia River.  While there have been several studies of sea level rise in the Pacific Northwest, 
Jonathan Clough’s study provides the most comprehensive and detailed analysis to date of the 
potential impacts of sea level rise on the region’s coastal habitats.  The model used for the 
analysis is called Sea Level Affecting Marshes Model, Version 5.0 (SLAMM 5.0), which was 
designed to simulate the dominant processes involved in wetland conversion and shoreline 
modification under long-term sea level rise.  The model integrates information about projected 
global sea level rise with area specific NOAA tidal data, detailed wetland information from the 
Fish and Wildlife Service’s National Wetlands Inventory, regional Light-imaging Detection and 
Ranging (LiDAR) data, and U.S. Geological Survey (USGS) Digital Elevation Maps to project 
habitat changes associated with sea level rise.  The study maintains that global average sea level 
increases could increase by an average of 0.28 meters (11.2 inches) by 2050 and by 0.69 meters 
(27.3 inches) for the study locations in the Willapa Bay, Columbia River, and Tillamook Estuary 
(Glick et al. 2007).   
 
Some of the potential habitat losses that could occur by the year 2100 under a conservative 
estimate of sea level rise follow. 

 This region is predicted to lose at least 5,000 hectares (12,355 acres) of dry land. 
 There is likely to be extensive loss of tidal flat and area beaches, especially at higher rates 

of sea level rise.  
 Inland and tidal fresh marsh will be fairly vulnerable at this site to saltwater inundation. 
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By 2100 the site could lose 32 percent of brackish marsh, 31 percent of tidal swamp, 47 
percent of estuarine beach, and 63 percent of tidal flats. 

 
Ocean beach disappears completely with a 1.5 meter (59.1 inch) sea level rise (Glick et al. 2007) 
Changes in annual precipitation are less certain.  Most of the models analyzed by Climate 
Impacts Group at the University of Washington project decreases in summer precipitation and 
increases in winter precipitation with little change in the annual mean. 
 
Table 3-1 Projections of Changes for Columbia River Study Site 

Percentage Change (Relative to Totals for This Site) 
[A1B Max for 2050, 2100 and 1.5 Meters for 2100)] 

 
 

Land Cover 

2050  
(+0.28 meters/11.2 

inches)  

2100  
(+0.69 meters/27.3 

inches)  

2100  
(+1.5 meters/59.1 feet) 

Undeveloped Dry Land 1% loss  2% loss  2% loss  
Developed  No change  No change  No change  
Swamp  4% loss  11% loss  19% loss  
Inland Fresh Marsh  7% loss  17% loss  25% loss  
Tidal Fresh Marsh  8% loss  25% loss  37% loss  
Inland Open Water  26% loss  31% loss  34% loss  
Estuarine Open Water  21% expansion  48% expansion  65% expansion  
Inland Shore  No change  No change  No change  
Tidal Swamp  18% loss  31% loss  63% loss  
Riverine Tidal  29% loss  39% loss  58% loss  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Tundra Swans landing.  Photo: © Jim Cruce 
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Figure 3.1 Predicted Sea Level Rises at the Mouth of the Columbia River.  National Wildlife 
Federation Report 2007 (Maximum Sea Rise Scenarios) 

 
From Sea-level Rise and Coastal Habitats in the Pacific Northwest. An Analysis for Puget Sound, 
Southwestern Washington, and Northwestern Oregon July 2007 
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3.5.2 Temperature/Precipitation Changes 
 
Global climate models scaled to the Pacific Northwest project an increase in average Pacific 
Northwest temperature on the order of 0.2° to 1.0° F (0.1°-0.6° Celsius) per decade throughout 
the mid-21st century with a best estimate average of 0.5°F or 0.3° Celsius (C) per decade (Table 
3.2).  Temperature increases occur across all seasons with the largest increases in summer.  
 
The best estimate rate of warming in the Pacific Northwest through the mid-21st century—0.5°F 
(0.3°C) per decade—is three times the rate of change per decade observed in the Pacific 
Northwest during the 20th century (0.15°F/0.8°C per decade).  The rate of change per decade for 
the second half of the 21st century is dependent on the choice of emissions scenarios. 
 
Precipitation changes are projected to be small compared to the inter-annual and decadal 
variability observed during the 20th century.  The majority of models show increases in winter 
precipitation and reduced summer precipitation.  Analysis of future storm tracks indicates a basis 
for more confidence in wet season increases, particularly in the second half of the 21st century 
(Salathé 2006). 
 
Coastal sea surface temperature (SST) helps determine the biological and physical conditions of 
the marine environment and estuaries of the Pacific Northwest.  Climate models project warming 
in summer SSTs for the 2040s on the order of 2.7°F (1.5°C).  This change is somewhat less than 
the warming projected in the 2040s for Pacific Northwest land areas (3.5°F/2.0°C), but is 
significant relative to the small inter-annual variability of the ocean. 
 
Table 3-2 Change in Annual Mean Temperature and Precipitation 

 Temperature Precipitation 
2020s 
Low + 1.1ºF (0.6ºC) - 9% 
Average + 2.2ºF (1.2ºC) + 1% 
High + 3.4ºF (1.9ºC) + 12% 
2040s 
Low + 1.6ºF (0.9ºC) - 11% 
Average + 3.5ºF (2.0ºC) + 2% 
High + 5.2ºF (2.9ºC) + 12% 
2080s 
Low + 2.8ºF (1.6ºC) - 10% 
Average + 5.9ºF (3.3ºC) + 4% 
High + 9.7ºF (5.4ºC) + 20% 

Average changes in Pacific Northwest climate from 20 climate models and two greenhouse gas emissions scenarios 
for the 2020s, 2040s, and 2080s.  All changes are benchmarked to average temperature and precipitation for 1970-
1999.  Model values are weighted to produce the "average."   
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3.5.3 Potential Changes to the Refuges 
 
There have been no specific studies documenting potential effects to either refuge from future 
climate change.  However, based on the various climate modeling scenarios for the Pacific 
Northwest, there are several potential problems that are envisioned by the refuge staff.    
 
One of the main concerns is the Mainland and Tenasillahe Island units of the Julia Butler Hansen 
Refuge, which are protected by flood control dikes.  The dikes prevent the Columbia and 
Elochoman rivers from flooding the units during the daily tidal cycles.  In addition to refuge 
administrative facilities, critical CWT deer habitat is protected by the dikes.  Under the modeling 
completed by the National Wildlife Federation Study, the sea level could rise almost a foot by 
2050.  This would cause severe recurring flooding problems in both units during periods of high 
tide, and likely in time, undermine the integrity of the dikes.   
 
A second concern is the projected loss of tidal wetland habitats due to sea level rise.  By 2050 the 
Northwest Oregon and Southwest Washington coastal sites analyzed by the National Wildlife 
Federation may be expected to lose significant areas of vegetated marsh due to rising sea levels.  
Since much of the habitat in both refuges consists of low marshy islands, a rise in water levels 
could have major impacts on the management of the refuge and the type of species and numbers 
of wildlife that inhabit the area.  
 
A third concern is the increasing temperatures projected by many of the climate models.  The 
Climate Impacts Group at the University of Washington has averaged a large number of climate 
models–when averaged, the predicted average annual temperature increase is 3.5 degrees F by 
2040.  An increase of that magnitude may have grave implications for the unique estuary and 
riparian habitats of the lower Columbia River.  The coastal Sitka spruce swamp habitat, which 
covers portions of the Julia Butler Hansen and Lewis and Clark Refuges results in part, from the 
mild coastal climate.  This habitat occurs in the zone from around the Hunting Islands down 
toward the mouth of the Columbia River.  An increase in annual temperatures could result in 
major reductions or elimination of this type of habitat from the area. 
 
Numerous other changes to the refuges habitat and wildlife would likely result from increases in 
ambient temperature and precipitation over the next 50 to 100 years.  However, until a more 
detailed analysis of the effects of global climate change can be completed on specific refuge 
units, more generalized modeling will continue to be used to assess how and what the refuge 
should do to prepare for upcoming changes to the natural environment.  While this Draft 
CCP/EIS covers a 15 year time span, it is clear that for the refuge to adequately plan for climate 
change, staff will have to look further into the future.  During the CCP’s 15 year time frame, the 
refuge will begin a focused effort to plan on how best to deal with climate changes in the lower 
Columbia River estuary.  
 

3.6 Air Quality 
 
The refuges are located within Clatsop and Columbia Counties in Oregon, and Wahkiakum 
County, Washington.  Within the vicinity of the estuary and refuges, air quality may be affected 
by: marine vessels, industrial facilities, automobiles and other human caused activities such as 
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outdoor burning, wood stoves, and operation of various vehicles and machines (e.g., gasoline 
powered equipment, motorboats, etc.).  The refuge staff (manager, biologist and maintenance 
worker) utilizes various types of equipment and transportation methods to achieve the refuge 
habitat conservation projects and research.  Habitat improvement projects and daily monitoring 
activities may include the use of a tractor or heavy equipment (dozer, backhoe) or the operation 
of a truck, boat or vessel to access remote islands of the refuges.  Refuge visitors generally drive 
their automobiles to see the Julia Butler Hansen Refuge and some may operate motor boats to 
visit the islands of both refuges.  
 

3.7 Topography and Bathymetry 
 
The estuarine shoreline in both states consists of rocky, forested cliffs and low, wet floodplain 
areas that have been diked.  A number of minor creeks and rivers with small drainage basins 
enter the estuary from both shores, but, because of their small size, they do not have much 
influence on the Columbia River.  The topography of the riverine portion of the estuary does not 
vary significantly.  The river’s shoreline and adjacent lands have been diked and developed 
extensively for agricultural and industrial development as well as for commercial and residential 
uses.  Only the Emerald Heights Unit and Tongue Point Unit of the Lewis and Clark Refuge 
along the south shoreline of the Columbia River have any significant slope.  The Tongue Point 
Unit is essentially a hill, with steep to moderate slopes rising from the water to a crest.  The west 
side has a steep (95 percent) slope, and there are tall cliffs in the northwest corner. 
 
3.8 Geology 
 
The estuary, formed over geologic time by the forces of volcanism, glaciations, hydrology and 
the erosion and deposition of sediments, now has a surface area of approximately 41,200 
hectares (101,750 acres).  Circulation of sediments and cycling of nutrients within the estuary are 
driven by river hydrology and coastal oceanography.  Sea levels have risen since the late 
Pleistocene, resulting in coarse and fine sand deposits in submerged river channels.  The region 
is also characterized by basalt flows of an age similar to the sedimentary bedrock units.  These 
basalt flows are related to, and probably initiated from, Columbia River flood basalt flows 
originating from the Columbia Plateau (Niem and Niem 1985). 
 
The Tongue Point and Emerald Heights units of the Lewis and Clark Refuge are located in the 
Astoria structural basin within the Coast Range physiographic province.  The bedrock underlying 
this structural basin predominantly consists of marine deposited gray siltstone and claystone of 
the Astoria Formation (Shapiro 1993), which is inferred to be on the order of 2,000 ft thick 
(USACE 1999b).  Younger alluvium deposits are located throughout the Astoria Basin.  These 
deposits consist of floodplain clay, silt, sand, and gravel, and estuarine laminated clay, silt, and 
fine sand (Niem and Niem 1985). 
 
Periodic massive disturbances are an integral part of the natural environment that form the basis 
for the ecology and evolution of anadromous fish in the Columbia River Basin.  Additionally, 
natural events of large magnitude, such as the Mount St. Helens eruption, which impacted 
steelhead runs in Washington’s Toutle River, have often occurred in localized regions over time. 
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3.9 Soils 
 
3.9.1 Lewis and Clark Refuge 
 
Soils on the Lewis and Clark Refuge vary significantly depending on the site.  Except for 
Tenasillahe Island, the soils of the Columbia River islands have not been officially classified, but 
generally consist of soils found in a flood plain.  Dredge spoil sites adjacent to some of the 
natural islands are well drained and generally consist of sandy soils dredged from the nearby 
river bottom sites. 
 
3.9.1.1 Brownsmead Unit 
 
At the Brownsmead Unit there are two soil types.   One soil is termed Coquille-Clatsop Complex 
with a 0 to 1 percent slope.  This soil complex generally has inadequate drainage, commonly 
floods and is susceptible to upper layer compaction.  Major uses of the soil are for croplands and 
wildlife habitat.  The second soil is termed Brallier mucky peat with a 0 to 1 percent slope, and 
elevation of 5 to 25 feet, with very dark greyish brown to dark brown mucky peat.  It is a deep 
very poorly drained soil with moderate permeability with common plants consisting of Sitka 
spruce, red alder, western red cedar, willow, salmonberry, skunk cabbage, sedges, rushes and 
Douglas spirea (USDA NRCS 1988). 
 
3.9.1.2 Tongue Point Unit 
 
At the Tongue Point Unit the soil types consist of the Klootchie-Necanicum Complex and the 
Necanicum-Ascar Complex.  The Klootchie-Necanicum Complex consists of 30 to 60 percent 
slopes, with a good drainage, moderate permeability and rapid runoff of precipitation while the 
Necanicum-Ascar Complex consists of 60 to 90 percent slopes, good drainage and moderate 
permeability and very rapid runoff. (USDA NRCS 1988) 
 
3.9.1.3 Emerald Heights Unit 
 
On the Emerald Heights Unit two soil types are also present.  The Templeton-Ecola silt loam has 
30 to 60 percent slopes, is deep and well drained with moderate permeability, and a severe 
erosion hazard.  The major uses of this soil type which has a dark grayish brown coloration, is 
for woodland management and for wildlife habitat.  The second soil type is the Templeton silt 
loam which is basically the same soil minus the Ecola loam characteristics.  The main difference 
is the reduced slope percentage which is from 3 to 30 percent (USDA NRCS 1988). 
 
3.9.2 Julia Butler Hansen Refuge 
 
Soil on most of the Julia Butler Hansen Refuge is classified as Ocosta silty clay loam with less 
than 10 percent slope.  It is an alluvial bottomland soil associated with the Columbia River 
floodplain.  Fertility is moderate to high.  This fertility coupled with high available moisture 
contributes to heavy vegetative growth.  In the event of a wildfire, high fuel loads could be 
expected.  A smaller soil component of the Julia Butler Hansen Refuge is termed Fluvaquents, 
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tidal.  This is a very deep but poorly drained soil type that is typical of soils found on floodplains 
and deltas.  The slope type is 0 to 1 percent with an elevation of sea level to 10 feet.  No one 
single profile is representative of this soil type but one general characteristic is that it has a very 
dark olive gray and very fine sand surface layer about six inches thick.  Runoff is very slow in 
this soil type and it is subject to frequent periods of flooding during high tides.  A third small soil 
type found on portions of the river islands is udipsamments which are basically old dredge spoil 
disposal sites that are well drained with an elevation of 10 to 30 feet and a slope of 0 to 2 
percent.  Vegetation on this soil type can vary from none to moderate grass cover and shrub 
cover (USDA NRCS 1986). 
   
Although no official soils mapping has been completed for Tenasillahe Island, a Soil and Water 
Conservation Plan completed in 1978 did identify certain soil types on the island.  The soils 
identified were Clatsop silty clay loam, Coquille silt loam, Sauvies clay loam, tidal flats, made 
land pumped dikes, and unnamed silty clay loam.  All of these soils are generally very poorly 
drained and were formed in fine textured alluvium consisting of a tidal mud (USDA NRCS 
1986).  These soils with minimal slope are used to support CWT deer, managed as pasture for 
wildlife habitat.  
 

3.10 Hydrology 
 
3.10.1 Overview 
 
The Columbia River estuary area is a drowned river valley, but, unlike most estuaries, it is 
primarily fresh water in nature, due to the tremendous influence of river flows.  Approximately 
26,550 hectares (about 71.2%) of the 37,289 hectares of this estuarine region are composed of 
shallow water habitats.  
 
With the exception of the Willamette River, most of the Columbia River’s tributaries west of the 
Cascades drain relatively small watersheds.  Tributaries originating in the Cascades include the 
Willamette and Sandy Rivers in Oregon, and the Washougal, Lewis, Kalama, and Cowlitz Rivers 
in Washington.  Coast Range tributaries include the Elochoman and Grays Rivers in 
Washington, and the Lewis and Clark, Young’s, and Clatskanie Rivers in Oregon.   
 
The flow of the lower Columbia River is strongly influenced by climatic variations as well as 
tides.  The tidal influence on water surface elevation is evident all the way up river past the cities 
of Vancouver, Washington, and Portland, Oregon.  During low flow periods, tides may cause 
river flow to reverse up to approximately river mile 80.  Tidal salinity normally extends upstream 
to approximately river mile 23; historically it has reached river mile 46.  The lowest river flows 
generally occur during September and October, when rainfall and snowmelt runoff are low.  The 
highest flows occur from April to June, resulting from snowmelt runoff from the Cascade and 
Rocky Mountain Ranges to tributaries of the upper Columbia.  High flows also occur between 
November and March, caused by heavy winter precipitation in the tributary basins of the lower 
river, primarily the Willamette River in Oregon and the Cowlitz River in Washington.  
 
Construction of over 200 dams on the Columbia River and its tributaries has dramatically altered 
the historic hydrology.  Dams now impose additional water level fluctuations to meet demands 
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for hydroelectricity, agriculture, navigation, pool recharge, recreation, fisheries, and water 
quality priorities.  Spring flood elevations on the lower Columbia River average 37 percent lower 
today than prior to dam construction.  Regulated winter flows are typically less than 200,000 
cubic feet per second (cfs).  Peak flows in May and June have declined from about 600,000 cfs to 
350,000 cfs.  Prior to dam construction, average spring floods regularly inundated 170,000 acres 
of bottomland along the lower Columbia River for periods of up to 60 days.  Major spring flood 
events inundated up to 300,000 acres of the lower Columbia River floodplain.  Over half of the 
historic riverine wetlands in the lower Columbia River below Bonneville Dam have been lost or 
substantially degraded as a result of diking, draining, filling, dredging, and flow regulation. 
 
3.10.2 Lewis and Clark Refuge 
 
The hydrology of the lower Columbia River and its estuary are related to the daily rising and 
falling of the tides.  As it nears the ocean, the slowing current deposits the river's silt load to form 
low, marshy islands and sandbars.  Twice a day, many of the islands of the Lewis and Clark 
Refuge are part of the land, and twice they are reclaimed by the water, where rising ocean tides 
slow the river's current.  These estuary islands form a chain that begins just above Tongue Point 
and follows the Oregon shore of the main channel upriver to Tenasillahe Island.  Many of the 
river islands have large sloughs that cross through them that are directly connected to the 
Columbia River.  A dike on Karlson Island, was breached in 1976, but is still visible on aerial 
photos.     
 
Two Refuge units, Tongue Point and Emerald Heights, are on the Oregon side of the river close 
to the estuary, but high enough in elevation that they are not affected by daily tidal inundation.  
At Emerald Heights, several small unnamed drainages cross through the unit carrying water 
during heavy rainfall events.  A third unit, Brownsmead, consists of low lying pasture land that is 
at times inundated with sheet water during the winter months, but is protected from tidal flooding 
by a river dike.  Saspal Slough, which connects with the Columbia River via Blind Slough, 
borders the northern and western sections of the Brownsmead Unit. 
 
3.10.3 Julia Butler Hansen Refuge 
 
The Julia Butler Hansen Refuge consists of two large diked units; Mainland and Tenasillahe 
Island, as well as several undiked islands in the Columbia River; Hunting, Price, Wallace, and 
Crims, along with several small parcels near the town of Westport, Oregon.  The two diked units 
are protected from daily tidal fluctuations by a system of flood control levees.  The Mainland 
Unit contains 2,000 acres and is located along the Columbia River between the towns of 
Cathlamet and Skamokawa, Washington.  The Elochoman River joins the Columbia River in the 
southeast part of the unit.  The Mainland Unit also includes approximately 151 acres of forested 
intertidal Sitka spruce swamp and marsh on the east side of the Elochoman River that is not 
diked.  Steamboat Slough and Brooks Slough dikes serve to protect Mainland Unit lands from 
daily tidal inundation from the Columbia River to the south, the Elochoman River to the west 
and southwest, and Brooks Slough to the northwest. 
 
On the Mainland Unit, six tidegates are located under the refuge perimeter dike (under 
Steamboat Slough and Brooks Slough Roads) to allow water to drain from the area (Figure 3.3).  
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The 48-inch diameter Indian Jack Slough tide gate (Figure 3.2) drains water from the eastern 
portion of the unit while the combined three adjacent tidegates located at the head of Brooks 
Slough drains water from the northwestern portion of the refuge.  An expulsion pump located at 
the head of Brooks Slough also helps to drain excess water off of the refuge and is especially 
beneficial during periods of high river levels when the tidegates do not open.  Two smaller tide 
gates, one located at the west end of Steamboat Slough Road and one located at the west end of 
Brooks Slough Road also help to drain the northwest end of the refuge.  The smaller northwest 
Steamboat Slough tide gate was replaced in 2003 to provide increased fish accessibility in that 
portion of the refuge.  The smaller tide gate at the west end of Brooks Slough is extremely old 
(circa 1920), has a moderate leak and is in need of replacement. 
 
 
Figure 3.2 The Indian Jack Tidegate Water Management Structure on the Mainland Unit 
 

 

 Photo: USFWS 
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Figure 3.3.  Water Management Structures- Mainland Unit
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The Mainland Unit is located within Wahkiakum County Diking Improvement District #4 which 
has an easement for the refuge dike and is responsible for maintenance of the refuge tidegates.  
Because the district has limited funding and resources, the refuge has cost shared the more recent 
tide gate and expulsion pump repairs and replacements. 
 
Water flow into the unit occurs through precipitation and inflow from several different sloughs 
and creeks.  Indian Jack Slough and Risk Creek are the two main sources of inflow.  Nelson 
Creek which is thought to have historically flowed into Indian Jack Slough was diverted into the 
Elochoman River to reduce flooding potential on lands behind the dike.  This diversion was 
likely around the time the dike was constructed in the 1920s.  Several larger sloughs and 
numerous smaller sloughs and ditches bisect the unit channeling water throughout the refuge to 
the tidegates.  Flows in the slough and ditches are generally very slow (less than 10 cfs) due to 
flat topography and exterior tidegates.  One exception is Risk Creek, which is channelized as it 
runs to the east of the Wildlife Viewing Site flowing down towards Brooks Slough.  During 
periods of heavy rainfall, Risk Creek water flows into the refuge at an estimated 250 cfs. 
 
Another small unnamed drainage is diverted by a small dike to the west of the Wildlife Viewing 
Site adjacent to State Highway 4 flowing under Brooks Slough Road and into Brooks Slough.  
The diversion ditch has become filled with silt in recent years causing water to flow over the 
dike and into the northwest corner of the Mainland Unit.  Two of the larger sloughs on the unit, 
Ellison and Indian Jack, have no direct outlet to the river although essentially all sloughs and 
ditches on the unit are interconnected, thus providing at least minimal water connectivity 
throughout the refuge.  
 
During periods of heavy winter rainfall, when tidegates remain closed for long periods, the 
refuge dikes can act as dams holding back water inflow into the refuge.  During periods of heavy 
rainfall, such as in February 1996 and November 2006, water levels inside the dike have covered 
90 percent of the refuge lands for several weeks.  Even during winters with average rainfall, 
water inside the dike can flood vast areas of the lower lying lands.  
 
Managed wetlands are generally filled through direct precipitation during the winter months 
although during heavy rainfall events water will flow from adjacent sloughs and ditches through 
the water control structures and into the wetlands.  Therefore, in addition to providing high 
quality waterfowl and amphibian habitat, these wetlands serve as important water impoundment 
sites during periods of heavy rainfall.  Non-managed wetland sites also serve as water 
impoundment reservoirs during heavy rainfall events, but there is no ability to control water 
levels during non-flood periods.  During the summer months, managed refuge wetlands are 
generally dewatered, although many sites dry up naturally.  The wetland adjacent to the shop 
facility is unique in that it has a sandy substrate and fills with ground water from the nearby 
Elochoman River.    
 
Since 1999, 14 wetlands totaling 105 acres have been enhanced on the Mainland Unit.  These 
sites were former low lying reed canary grass and tussock infested fields that traditionally 
flooded from winter rainfall (November through April).  Prior to enhancement they provided 
little benefit to most wildlife due to the inability to manage water levels and control invasive 
vegetation.  These areas were enhanced by removal of nonnative vegetation, contouring of 
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wetland bottoms, and installation of water control structures to permit manipulation of water 
levels.  Each water structure empties into a slough or ditch.   
 
3.10.3.1 Tenasillahe Island Unit 
 
The Tenasillahe Island Unit lies just across the main channel of the Columbia River and west of 
the Mainland Unit.  The island is 1,950 acres in size, of which 1,700 acres are surrounded by a 
dike.  The diked area is similar to the Mainland Unit in water drainage and land cover.  An 
interior dike protects Multnomah Slough from the remainder of the island.  Both dikes were built 
in the same time period that the mainland dikes were constructed, in the 1920s.  There are a total 
of four tidegates on the Island.  A set of three 84-inch tide gate structures are located on the main 
outflow channel to the island.  The structures are concreted in place and have stop-log structures 
which allow for water level manipulation inside the dike.  The gates themselves were recently 
replaced (2007) and are now aluminum side-hinged gates which should provide a somewhat 
better fish passage situation then the previous top hinged iron gates.  All three gates have (24-
inch by 24-inch) fish doors which can be opened to facilitate fish passage when interior water 
levels are low enough that flooding is not an issue.  A fourth 48-inch tide gate is located at the 
head of Multnomah Slough and allows water to drain from the northern portions of the island.    
 
Gravel roads are found on the top of the perimeter dike, which surrounds the majority of the 
refuge.  An additional smaller dike separates Multnomah Slough and lands in the northwest 
section of the unit from the remainder of the island.  The center road bisects the island crossing 
two large sloughs which help drain the interior of Tenasillahe Island.  Both slough crossings 
have large culverts which are currently plugged, allowing no water flow between the upper and 
lower sloughs.  Maintenance of the four tide gate structures, the dikes, culverts and the roads is 
the responsibility of the refuge.  The southern tip of the island consists of a black 
cottonwood/Sitka spruce intertidal swamp that encompasses 250 acres and is not diked.    
 
The hydrologic regime on the Tenasillahe Island Unit is similar to the Mainland Unit; the 
exception is that from the Columbia River, the sloughs or creeks which flow into this island are 
no longer naturally free flowing.  Groundwater levels inside the dike while much lower than that 
of the surrounding river levels, are tied closely to the Columbia River level.  Water control 
structures manage the water exchange and groundwater levels are maintained by the river.  There 
are five newly constructed wetlands totaling 25 acres that have been developed on the 
Tenasillahe Island Unit since 2003.    
 
3.10.3.2 Hunting and Price Islands 
 
Hunting and Price Islands are located directly across the river from the Mainland Unit.  Portions 
of Hunting Island are flooded twice by the daily tidal cycles of the Columbia and Elochoman 
Rivers.  Much of Price Island, which is mainly an old dredge spoil site, is slightly higher in 
elevation and is only minimally affected by the river tidal cycles.  Hunting Island has several 
sloughs which bisect through the unit and are directly connected to the hydraulic regime of the 
adjacent river system.  Price Island does not have any sloughs that bisect the island.     
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3.10.3.3 Wallace and Crims Islands 
 
The upriver islands, Wallace and Crims, are similar to the lower estuary islands in that they are 
undiked, however, they are slightly higher in elevation than the islands of the Lewis and Clark 
Refuge and are less susceptible to river flooding.  A habitat restoration project which began in 
2004 on the Crims Island Unit was implemented to improve the tidal flow to the interior of the 
island and replace non-native reed canary grass with native plants.  Numerous sloughs with a 
direct connection to the adjacent river meander through Crims Island.  A total of 76 acres were 
restored from what was formally reed canary grass infested fields and converted to productive 
tidal wetlands in 2004 and 2005 (Figures 3.4 and 3.5).  Wallace Island is similar in hydrology to 
Hunting Island with several smaller sloughs and one large slough which bisect the unit. 
 
Figure 3.4 Crims Island before Tidal Restoration Work  
 

 
                     Photo:USFWS 
 
Figure 3.5 Crims Island after Tidal Restoration Work.  
 

 
                     Photo:USFWS 
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3.10.3.4 Westport Unit 
 
The Westport Unit consists of several heavily vegetated parcels of land between Oregon 
Highway 30 and Westport Slough, just east of Westport, Oregon.  This area during winter 
rainfall events gets saturated with water, but an old railroad dike along the outside of the 
property restricts flooding of the interior. 
 

3.11 Water Quality 
 
Rivers and streams are important commercial, recreational, biological resources.  They provide 
habitat for fish and wildlife, drinking water, and are important for transportation as well as 
recreation such as fishing and kayaking.  Rivers and streams in the Columbia River basin face 
many challenges from the introduction of toxic materials and bacteria from point source 
(identifiable sources of pollution from a single point or conveyance, such as a discharge pipe, 
that are regulated) as well as materials from nonpoint sources (sources of pollution that do not 
have a single point of origin; examples include air sheds, agricultural lands, cities and towns, 
construction sites, dams, mines, and other areas where runoff from the land may carry toxic 
contaminants to a stream and/or river) (ODEQ 1996).  Currently, the estuary receives 
contaminants from more than 100 point source and numerous nonpoint sources, such as surface 
and storm water runoff from urban and agricultural areas (Fresh et al. 2005).  Agricultural, 
urban, industrial, and timber harvesting practices also affect water quality in the estuary (Lower 
Columbia Fish Recovery Board 2004).  The release of toxic contaminants, nutrient loading and 
reduced dissolved oxygen have altered the water quality in the Columbia River estuary.  The 
available literature on water quality provides more information about the threats to water quality 
than it does about other water quality issues in the Columbia River estuary.  
 

3.12 Environmental Contaminants 
 
3.12.1 Lewis and Clark Refuge  
 
The Lewis and Clark Refuge includes islands, mudflats, and tidal marshes, and was established 
in 1972 to preserve wintering and resting areas for an estimated 1,000 tundra swans, 5,000 geese, 
and 30,000 ducks.  Bald eagles are present year-round with over 30 nest sites.  The surrounding 
waters and channels provide food resources for shorebirds, and juvenile salmon.  Other fish 
species include American shad, smelt, perch, starry flounder, bass, catfish, and Pacific lamprey.  
Harbor seals and California sea lions feed on fish in the estuary while beaver, raccoon, weasel, 
mink, muskrat, and river otter are found on the islands.     
 
Refuge lands and associated fish and wildlife are located along the Columbia River, which is a 
major shipping corridor to six ports on the lower Columbia River and eastern Washington, and 
are, therefore, susceptible to spill events and other contaminant inputs from the surrounding river 
and waterways. 
 
The current presence of contaminants on the Refuge and in the lower Columbia River ecosystem 
directly impacts fish and wildlife species and their habitats, including reducing species’ ability to 
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successfully reproduce and flourish.  This may be due to reduced quality or quantity of forage 
species or direct impacts of the contaminant on the individual listed species.  Organochlorine 
contaminants in the Columbia River accumulate in prey of aquatic-dependent wildlife along the 
river, and these contaminants impact some top level predators such as bald eagle, osprey, mink, 
and river otter that use refuge lands (Anthony et al. 1993; Buck et al. 2005; and USFWS 2004)  
 
3.12.1.1 Lewis and Clark Islands Unit 
 
The Lewis and Clark Islands have not been identified as having contaminants.  The associated 
waters and wildlife in and around the Islands Unit are tested by various entities for contaminants 
in the environment.  However, contaminants such as organochlorine compounds including; DDE, 
polychlorinated biphenyls, dioxins, and furans, and polybrominated diphenyl ethers have been 
documented in fish and wildlife in the lower Columbia River in and around refuge lands 
(USFWS 1999, Buck et al. 2005). 
 
Figure 3.6 Aerial photo of Tongue Point, Oregon.   

 
Photo: USGS 
 

3.12.1.2 Tongue Point Unit 
 
Tongue Point is a 308-foot high, 79-acre peninsula which protrudes 0.8 mile into the Columbia 
River at river mile 18 (Figure 3.6).  There are a number of documented contaminant concerns at 
Tongue Point, a constructed peninsula which is located on the south side of the Columbia River, 
just three miles to the east of Astoria, Oregon.  The Service has no facilities located on this 
property.  The vegetation is mature western hemlock/Sitka spruce/western red alder forest with 
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some Douglas-fir and big leaf maple.  The topography is essentially a hill, with steep to moderate 
slopes rising from the water to a crest.  The west side has a steep (95 percent) slope, and there are 
tall cliffs in the northwest corner where an old rock pit and shooting range were once located. 
Former Navy munitions bunkers are still located on the crest of the hill.  The Tongue Point area 
provides nesting and foraging habitat for several bald eagles and for large populations of 
shorebirds and waterfowl at the land base.  
 
The Service completed a contaminants inventory of this area in 2005.  The report identified 
contaminants at the Tongue Point site associated with former U.S. Navy activities.  These consist 
of weathered petroleum compounds in fueling areas (above and below ground storage tanks) and 
pipelines, petroleum compounds, PCBs, and metals from a former landfill at south Tongue Point 
which is currently undergoing remediation.  Although underground and above ground fuel 
storage tanks were removed from the site, an area where an underground tank was removed near 
the Job Corp facility still leaks petroleum into the Columbia River near the concrete piers 
(Woodward-Clyde 1998).  There are currently no plans to remediate this tank area further.  
 
Contaminants above background levels include some metals, semi-volatile organic compounds, 
organochlorines such as polychlorinated biphenyls, petroleum compounds, and tributyltin (Buck 
et al. 2005; and USFWS 2005).  Environmental risk from the sediments has not been directly 
assessed, but it is likely that risk is low, based on the measured concentrations in this report 
unless the sediment is disturbed.  In 2001, sediment between one of the Piers was dredged to 
allow boat traffic and the dredged material was placed upland on the pavement at Tongue Point 
(USACE 2008). 
 
Another documented source of contaminants is the USCG facility on the west side of the 
peninsula (USACE 2008).  Large buoys were brought to the facility for painting and 
sandblasting, and the sandblast grit was dumped into the nearshore area onsite and into piles on 
the currently owned refuge land at north Tongue Point.  The sandblast grit was contaminated 
with metals such as lead and tributyltin.  Most of the paint chips and sandblast material in the 
piles on the refuge have been removed during a remedial action, but high concentrations of lead 
remain on the refuge area and it is likely that receptors such as worms, passerine birds, and small 
mammals are exposed to the metal (Buck et al. 2005; and USFWS 2005) 
 
3.12.2 Julia Butler Hansen Refuge 
 
Organochlorine compounds; DDE, polychlorinated biphenyls (PCBs), dioxins, and furans, and 
polybrominated diphenyl ethers have been documented in fish and wildlife in the lower 
Columbia River in and around refuge lands and waters.  Concentrations have accumulated in top 
level predators such as river otter, bald eagles, and osprey, and are associated with reduced 
productivity of bald eagles nesting in and around Julia Butler Hanson Refuge (USFWS 1994, 
Buck et al. 2005, USFWS 2005).  Corbicula clams collected from a county-owned beach at 
Elochoman Slough adjacent to the mainland of Julia Butler Hanson Refuge contained elevated 
levels of PCBs (Buck et al. 2005, USFWS 2005).  People pass through the refuge in order to 
collect the clams at the slough, and could be exposed to PCBs when eating the clams.  
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A potential for oil spills exists on the refuge islands as boat traffic on the Columbia River is 
common with both pleasure boats and large container ships and barges passing by the refuge 
islands on a daily basis.  
 
Major fuel spills have been documented three times on the lower Columbia River since 1978 
(Washington Department of Ecology 2007).  On March 19, 1984, the oil tanker Mobil Oil ran 
aground near St. Helens, Oregon spilling an estimated 165,000-200,000 gallons of oil into the 
Columbia River.  Over the next few days very high tides and strong winds pushed oil into the 
tidal marshes bays and shorelines on the Washington side of the river.  The beach near the refuge 
shop received heavy accumulations of congealed oil “globs” which were washed up on shore.  A 
bird cleaning/recovery center was set up in the refuge shop on March 23rd and operated through 
April 23, 1984.  A total of 450 birds were treated, primarily scoters, western grebes and common 
murres.  Of the birds treated, 288 (64%) survived and were released.  Bald eagles on and near 
refuge lands experience poor reproductive success compared to eagles producing in other areas 
of Oregon and Washington, and the reduced productivity of the lower Columbia river eagles has 
been associated with organochlorine contaminants in eggs.  In addition, these contaminants have 
been found in eggs of ospreys and great blue herons nesting near the refuge, and in river otter 
collected in the vicinity of the refuge (Buck et al. 2005,USFWS 2005).  Fish and invertebrates 
from the lower Columbia River contain organochlorine body burdens that exceed protection 
levels for predators, although it is unknown if contaminant concentrations are harming the 
organisms themselves (LCREP, 1999). 
 

3.13 Surrounding Land Use 
 
The Columbia River lies adjacent to and surrounds a large portion of the Lewis and Clark and 
Julia Butler Hansen Refuges and provides a multitude of functions including fishing, hunting, 
cargo ship transportation, boating, recreation, and floating recreational cabin use.  A variety of 
land uses occur in the vicinity of both Refuges.  Surrounding land use involves mostly 
agricultural production, timber resources and water related recreational activities.    
 
3.13.1 Lewis and Clark Refuge  
 
On the Lewis and Clark Refuge both the Tongue Point Job Corps Center and the Coast Guard 
Facility are located just to the south and adjacent to the Tongue Point Unit.  The Emerald 
Heights Unit is adjacent to a large apartment complex which borders the western boundary of the 
89-acre unit.  To the east of the Tongue Point Unit, portions of an old naval air station and a ship 
docking facility still exist.  Currently, there is no industrial activity in this area although the ship 
docking facility is being promoted as a Marine Industrial Facility called North Tongue Point.  
The Oregon Department of Environmental Quality (ODEQ) has listed several sites in the nearby 
vicinity of Tongue Point, including refuge lands that have potential for hazardous waste 
contamination.  These sites as they relate to the refuge are discussed in the environmental 
contaminants section. 
 
Much of the lands and waters adjacent to the Lewis and Clark Refuge’s Islands Unit are made up 
of rural forests, small farms and open waters.  Commercial enterprises include forest products, 
farming, commercial fishing and the transportation and shipment of products on the adjacent 
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waterways.  The major industrial shipping channel straddles the boundary of Oregon and 
Washington and varies from 0.25 miles to more than 1 mile from the nearest refuge islands.  
 
The small town of Clatskanie, Oregon, and the larger community of Astoria, Oregon, can be 
found on the east and west ends of the refuge respectively.  Skamokawa and Ilwaco, 
Washington, can be found on the other side of the river in Washington at the far ends of the 
refuge.  Except for the apartments bordering the Emerald Heights Unit, little residential 
development borders the refuge.  There are 32 float houses docked near the various refuge 
islands, which are used seasonally by the owners. 
 
3.13.2 Julia Butler Hansen Refuge 
 
Much of the land in the immediate vicinity of the Julia Butler Hansen Refuge is also agricultural 
and forest lands.  However, residential and commercial uses can be found three miles to the east 
in the town of Cathlamet, Washington, and two miles to the west in Skamokawa, Washington. 
Adjacent to the town of Cathlamet is Puget Island with a large residential and agricultural 
community.  The island can be reached through the town of Cathlamet via the Puget Island 
Bridge.  The county operates a twelve passenger vehicle ferry on the Columbia River which 
provides access from Puget Island, Washington, to Westport, Oregon.  
 
At the Mainland Unit of the Julia Butler Hansen Refuge, Washington State Highway 4 borders 
the northwest boundary of the refuge.  A 250-acre cottonwood plantation (Nelson Creek 
property) is located across the road from the refuge and has been purchased by the Columbia 
Land Trust for conservation and restoration of its habitat, wildlife and fisheries values.  To the 
northwest of the Mainland Unit are diked pasture lands which are privately owned, and are being 
managed as a combination of enhanced wetlands and hayed/grazed pastures for waterfowl 
hunting opportunities.  The Hunting Islands Unit is located directly across the Elochoman River 
from the Mainland Unit. 
 
The land just east of the refuge’s headquarters and west of the town of Cathlamet along Highway 
4 is a timber sorting, storage and shipping yard.  Further east along the upstream end of Hunting 
Islands is a new residential housing development and the Cathlamet Marina.  Other lands 
adjacent to the refuge include farmlands, a small plant nursery, and the town of Skamokawa.   
 
A large industrial area, Port Westward, is owned by the Port of Clatskanie in the Clatskanie flats 
across the channel from Crims Island.  This area has a power generating facility operated with 
natural gas, with construction of a second plant recently completed.  A third power plant to 
process ethanol has recently begun construction.  Ten miles downriver on a fourth facility, a 
liquefied natural gas terminal (LNG) just upriver from Tenasillahe Island is proposed for 
construction at Bradwood.  The proposed facility if constructed would be approximately a half-
mile from refuge lands.  The proposed project also includes a 34-mile long pipeline that would 
run from the terminal along the Oregon side of the Columbia River to Port Westward near the tip 
of Crims Island and then under the Columbia River into Washington. 
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3.14 Effects to the Physical Environment 
 
This section of Chapter 3 provides an analysis of the environmental consequences of 
implementing the alternatives described in Chapter 2, specifically as they relate to the physical 
environment.  The various topics in this section will be separated by refuge and addressed 
individually as appropriate.  The topics not covered in this section (Climate, Topography, 
Geology etc.) indicate areas not affected by management activities proposed in the alternatives. 
A summary of all environmental effects (Chapters 3-5) will be presented in Chapter 6.   
 
In describing the expected effects of particular management action(s), the terms neutral, minor, 
intermediate, and significant are frequently used to describe the environmental consequences of a 
particular action in an alternative.  The thresholds and severity ratings are defined in Chapter 6.1 
and were used to analyze the scope, scale and intensity of effects on natural, cultural and 
recreational resources.  The No Change in management practices (as in Alternative A), does not 
necessarily imply an insignificant effect over time.  Chapters 4 and 5, will follow a similar 
format, focusing on the environmental effects (as they relate to the alternatives) of the topics 
identified in those chapters.    
 
3.14.1 Lewis and Clark Refuge 
 
3.14.1.1 Air Quality 
 
Overall effects to the local air quality from alternatives 1 and 2 for the Lewis and Clark Refuge 
are expected to remain the same.  The number of managed acres and impacts to the air quality 
resulting from refuge management activities are all relatively minor when compared to the vast 
array of human actions that affect air quality in the lower Columbia River estuary.  Other than 
the two shoreline based units on the refuge, the refuge islands are outside the flood protection 
dikes.  It is anticipated that the only use of mechanized equipment would happen on the Islands 
Unit in a very rare occasion under both alternatives.  
 
Travel to and from the Islands Unit by refuge personnel will be conducted by gas powered 
motorboats or other related vessels.  These vessels would be used to facilitate refuge 
management activities.  The use of gas powered vessels has the potential to introduce various 
contaminants into the atmosphere.  Replacing the engines with four stroke engines has helped 
reduce the amount of pollutants introduced into the atmosphere, but has not totally eliminated the 
problem.  Use of motorized boats used by the general public to visit the Islands Unit are tough to 
quantify as visitors travel the Columbia River for a number of other reasons.  However, 
motorized boating use in the estuary can be expected to remain relatively the same under both 
alternatives.  It is expected that nonmechanized watercraft such as kayaks and canoes in the 
estuary may increase with the advertized water trail.  It is anticipated there would be an overall 
neutral effect to air quality. 
   
3.14.1.2 Water Quality  
 
The Lewis and Clark Refuge Islands Unit is particularly susceptible to water quality issues due 
to strong Columbia River tidal flows.  It is not anticipated that any of the surrounding water 
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sources would be affected by either alternative, making for a non-significant impact.  Under both 
alternatives, nonnative vegetation would be removed from the refuge through a combination of 
manual and chemical means.  Herbicides would be used on a limited basis for invasive plant 
removal activities, and are not expected to impact the water quality of the lower Columbia River 
estuary.  Herbicides will be applied by hand or mechanical means to target vegetation.  There 
could be adverse impacts to nontarget vegetation from pesticide drift, but these effects are 
expected to be minimal due to the small quantities used and precautionary measures taken.  
Service approved herbicides would be used with all action alternatives.  The use of herbicides is 
highly regulated through the Service’s Pesticide Use Proposal (PUP) process.  This approach 
notes environmental hazards, efficacy and costs. 
 
Other than the shoreline units, overall impacts from mechanized refuge equipment should be 
extremely rare (only in the case of severe resource problems such as an extreme noxious weed 
invasion) and impacts to water quality should be non-significant from the limited proposed 
actions found in both alternatives. 
 
Travel to and from refuge islands will be conducted by gas powered motorboats or other related 
vessels under both alternatives.  These vessels would be used to facilitate refuge management, 
restoration and public education activities.  The use of gas powered vessels would have the 
potential to introduce various contaminants to the surface waters, including fuel oils, grease, and 
other petroleum products.  Contaminants would be similar to those used by surrounding vessels 
and may have an adverse effect on estuarine habitat.  Best management practices would be used 
to reduce the potential for spill occurrences, and proper vessel maintenance would reduce the 
likelihood that excess fuels and other contaminants would impact water quality in the estuary.  
Travel to the mainland based units would be by automobile. 
 
3.14.1.3 Soils 
 
Soil erosion naturally occurs at the refuge’s islands due to strong Columbia River tidal flows. 
Because of the logistics involved, mechanized equipment on the islands will not be used except 
in very select circumstances such as noxious weed control.  No significant soil erosion is 
anticipated to result from activities occurring in any of the alternatives.   
 
3.14.2 Julia Butler Hansen Refuge 
 
3.14.2.1 Air Quality 
 
Overall effects to the local air quality from alternatives 1, 2, and 3 for Julia Butler Hansen 
Refuge are expected to remain neutral.  The number of managed acres and impacts to the air 
quality resulting from refuge management activities are all relatively insignificant when 
compared to the vast array of human actions that affect air quality in the lower Columbia River 
estuary.  All alternatives will include general refuge management mechanized equipment use 
including mowing, disking, and tilling.  These activities can cause periodic increases in dust and 
vehicular emissions during field operations.   
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Alternatives B and C may result in a slight increase in vehicular emissions due to a potential 
increase in refuge visitation.  Alternative C would have the greatest increase because it provides 
the broadest spectrum of visitor activities.  However, the anticipated increase in visitor use may 
be somewhat mitigated by the development of new public access trails which may encourage 
more walking/bicycling and less driving and vehicle idling around the refuge.  While the specific 
number of new visitors is not known, additional emissions as a result of visitor use of the refuge 
would not be expected to be significant.  
 
The number of motorized boats used for specific refuge visits is hard to quantify as visitors travel 
the Columbia River for many reasons.  Motorized boating can be expected to remain relatively 
the same under all three alternatives making for a limited or neutral effect on air quality.  
 
3.14.2.2 Hydrology 
 
The Columbia and Elochoman rivers would continue to be contained by dikes protecting the 
Mainland Unit of the refuge from tidal inundation under all three alternatives.  The lower 
elevations of the other refuge units would continue to be affected by the daily tidal inundation of 
the Columbia River while the higher areas and the diked units would only be affected by extreme 
flood events.   
 
The planned fish enhancement tidegate project common to all alternatives slated to begin in the 
summer of 2007 should allow for increased tidal flushing and improved water exchange on the 
interior Mainland Unit sloughs.  This enhancement work is covered under a separate 
environmental assessment but is worth noting because the work will likely have a positive effect 
to the refuge hydrologic functions. 
 
Some positive effects in water management would occur as a result of water control structure 
replacement/installation, and wetland enhancement projects under all three alternatives.  Still the 
overall net hydrologic effect based on the alternatives is neutral. 
 
3.14.2.3 Soils 
 
Soil erosion naturally occurs on many of the refuge islands due to the natural wind and water 
action surrounding the dynamic Columbia River.  This natural occurrence can be observed on the 
river and along the shoreline areas.  As one area erodes and disappears due to the wind, waves, 
and tidal action, another area builds up with sediment, expanding the islands or shorelines.  
Natural erosion is much less pronounced on the interior of both diked refuge units due to the 
vegetation and the lack of the river and tidal flow action.  
 
Soil erosion is not anticipated as a result of activities occurring in any of the proposed 
alternatives.  However, some wind erosion does occur during initial wetland, riparian and pasture 
enhancement activities.  Because the erosion is restricted to the time period during and 
immediately after soil disturbance, no negative long term effects are anticipated.  Once 
vegetation is reestablished during the growing season, the soil erosion is insignificant on the 
managed units.  Overall, the alternatives will have a neutral effect on soils. 
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3.14.2.4 Water Quality 
 
It is not anticipated that any of the surrounding water sources would be affected by implementing 
any of the alternatives.  Under all alternatives, nonnative vegetation would be removed from the 
refuge through a combination of manual and chemical means.  Herbicides will be used on a 
limited basis for invasive plant removal activities and are not expected to negatively impact the 
water quality of the lower Columbia River estuary.  Herbicides will be applied by hand or 
mechanical means to target vegetation.  There could be adverse impacts to nontarget vegetation 
from pesticide drift, but these effects are expected to be minimal due to the small quantities used 
and precautionary measures taken.  Service approved herbicides would be used with all action 
alternatives.  The use of herbicides is highly regulated through the Service’s Pesticide Use 
Proposal (PUP) process.  This approach notes environmental hazards, effectiveness and costs. 
 
Gas/diesel powered machinery is expected to include heavy equipment (dozers, tractors, 
excavators) for habitat management and enhancement activities.  Other tools include the use of 
chainsaws, disks, plows, mowers etc. on the two diked units, with only hand type tools on the 
undiked units.  Overall impacts from mechanized refuge equipment to water quality should be 
neutral; however, positive effects may occur once habitat enhancement projects become fully 
established. 
 
Travel to and from refuge islands would occur using gas powered motorboats or other related 
vessels.  These vessels would be used to facilitate refuge management, restoration, and public 
education activities.  The use of gas powered vessels would have the potential to introduce 
various contaminants to the surface waters, including fuel oils, grease and other petroleum 
products.  Contaminants would be similar to those used by surrounding vessels and may have an 
adverse effect on estuarine habitat.  Best management practices would be used to reduce the 
potential for spill occurrences, and proper vessel maintenance would reduce the likelihood that 
excess fuels and other contaminants would impact water quality in the estuary.  Overall, it is 
expected that the effects to water quality would be neutral for each of the alternatives. 
 
 

 
                                   Aerial photo of Lewis and Clark Refuge.  Photo: USFWS 
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