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ABBREVIATIONS

AdH Adaptive Hydraulics

cfs cubic feet per second

FEMA Federal Emergency Management Agency
NAVD88 North American Vertical Datum of 1988
RMJOC River Management Joint Operating Committee
USACE U.S. Army Corps of Engineers

USGS U.S. Geological Survey
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1 Potential Climate Change Effects on the Lower Columbia
River

Potential alterations of weather patterns by climate change, and resultant alterations to flooding,
wind, streamflow, and temperature, should be taken into consideration for any project design that
could be influenced by these changes. Studies have been conducted by a range of government
agencies, academic institutions, and other entities on the potential effects of climate change on the
Columbia River Basin and associated streamflow in the Columbia River. Anchor QEA, LLC, reviewed
literature on the projected changes that could occur in the Columbia River Basin as a result of
climate change. Section 1 of this report summarizes the potential effects of climate change on
environmental conditions in the Columbia River Basin and the potential implications of these
projected changes for the Austin Point project. Section 2 describes previously developed
hydrodynamic models that could be used to model future conditions at the project site and the
availability of data to develop future conditions model scenarios that incorporate climate change.

1.1 Projected Environmental Effects of Climate Change in the Columbia
River Basin

1.1.1  Temperature in the Columbia River Basin

The mean annual temperature in the Columbia River Basin increased by approximately 2°F from the
late 1800s through the mid-2010s (USBR 2016). The Pacific Northwest is predicted to undergo
further warming as a result of climate change, although the predicted amount of warming varies
between the various global climate models and emissions scenarios, as well as seasonally and
spatially (RMJOC 2018). However, projected annual increases in temperature in the Columbia River
Basin from the 1980s to the 2070s are in the range of 6°F to 9°F. Warmer months are projected to

see an increase in temperature at a faster rate than the cooler months.

1.1.2  Precipitation and Columbia River Discharge

Precipitation is also projected to change in the future, in terms of the amount, type (rain versus
snow), and seasonal timing (ISAB 2007; RMJOC 2018; USBR 2016). Warmer overall temperatures will
result in an increase in the proportion of precipitation that falls as rain instead of snow and a
corresponding reduction in winter snowpack. Projected changes in annual precipitation are minimal.
However, long-term projections suggest an increase in precipitation during the winter (wet season)
and a decrease in precipitation during the summer (dry season). This will lead to an even larger
difference in precipitation between the wet and dry seasons and increased chance of larger flood

events and drought.
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Projected changes to precipitation in the Columbia River Basin translate into changes in river
discharge (ISAB 2007; RMJOC 2018; USBR 2016). With increased temperature and more precipitation
falling as rain instead of snow in the winter, the projection is for increased runoff and discharge in
the winter, earlier elevated discharge in the spring, and lower discharge in the summer. Essentially,
the timing of high and low streamflow periods will be modified, and the difference between winter
and summer flows will increase. Peak discharges are projected to increase as a result of climate
change (Wherry et al. 2019). However, it is uncertain how the system of dams on the Columbia River
system can or will be used to mitigate some of these changes to discharge that are projected to
occur as a result of climate change (USBR 2016). The River Management Joint Operating Committee
(RMJOC; 2020) states that changes to operations may not fully offset climate change effects on flood
risk in the lower Columbia River. This suggests that peak water levels during flood events may
increase as a result of climate change, even if operations can mitigate the increase to some degree.

1.1.3 Sea Level Rise

Climate change is projected to increase Pacific Ocean water levels near the mouth of the

Columbia River by up to 0.57 meter (1.9 feet) between 2022 and 2070 (U.S. Army Corps of Engineers
[USACE] high sea level rise curve, Astoria, Oregon; USACE 2022a). This increase in sea level will
propagate into the Columbia River and has the potential to increase water levels in the lower
Columbia River, especially up to the extent of tidal influence (Wherry et al. 2019). However, the
increase in water level in the Pacific Ocean resulting from sea level rise will not propagate uniformly
up the Columbia River. That is, the increase in water level at the project site resulting from sea level
rise will be less than the sea level rise at the mouth of the Columbia River (Pevey et al. 2020;

Wherry et al. 2019).

1.2  Potential Implications for the Project

It is not currently known how dam and reservoir operations on the Columbia River may evolve in the
future as a result of, or to mitigate effects of, climate change (USBR 2016). Because we cannot predict
the dam operations and water releases, we cannot directly predict how estimated basin-wide effects
of climate change on streamflow would translate into Columbia River discharge and water levels at
the Austin Point project site. However, assuming that the basin-wide effects of climate change
described in Section 1.1 translate to the Columbia River at the project site, projections suggest the
following:

e Increasing winter discharge and a corresponding increase in water level

e Decreasing summer discharge and a corresponding decrease in water level

e Increased seasonal variability between summer and winter discharge and water level
o Higher yearly peak discharges and water levels

e Potential increase in mean water level as a result of sea level rise
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An increase in sea level at the mouth of the Columbia River from climate change will result in an
increase in water level at the Austin Point project site. Hydrodynamic modeling conducted by
Pevey et al. (2020) at discharges below approximately 430,000 cubic feet per second (cfs) suggests
that the increase in water level at the Austin Point project site will be approximately 75% of the
amount of sea level rise at the mouth of the Columbia River during these discharge conditions.” For
reference, assuming a sea level rise of up to 0.57 meter (1.9 feet, USACE high sea level rise curve)
between 2022 and 2070 and that 75% of this sea level rise propagates to the project site, the
resultant increase in water level at Austin Point would be 0.43 meter (1.4 feet) between 2022 and
2070 during the majority of the time (i.e., during normal flow conditions and not high flows). That is,
during typical flow conditions, Columbia River water levels at Austin Point will be approximately

1.4 feet higher than at present as a result of only sea level rise at the mouth of the Columbia River
(Table 1).

During high river discharge conditions, the impact from sea level rise is muted by the increased
water in the river from the flood event. Consequently, the percentage of the sea level rise that water
levels at the project site will increase is closer to 25% or less of the increase in sea level at the mouth
of the Columbia River (Wherry et al. 2019; Helaire et al. 2020).

Table 1
Tidal Datum 2021 Yearly Averages at Saint Helens, Oregon (NOAA Station No. 9439201)
Elevation in Feet, Relative to NAVD88
Tidal Datum Existing Conditions’ With Sea Level Rise?

Mean higher high water -2.46 -1.06

Mean high water -2.86 -1.46

Mean tide level -3.96 -2.56

Mean low water -5.06 -3.66

Mean lower low water -5.26 -3.86

Notes:

1. Existing conditions tidal datums are 2021 yearly averages taken from the National Oceanic and Atmospheric Administration tides
and currents station at Saint Helens, Oregon, located across the Columbia River from the project site (CO-OPS 2021).
2. Assumes an increase of 1.4 feet as a result of sea level rise

Projected changes to temperature and precipitation are more important than sea level rise in
increasing flood peak water levels because sea level rise has a smaller effect on increasing river levels
during flood conditions. The effects of changing precipitation and runoff due to climate change on
large flood-stage events that may not be fully contained by the system of dams on the

Columbia River were evaluated by USGS and USACE (Wherry et al. 2019; RMJOC 2020). Wherry et al.

" The percent of sea level rise at the Austin Point project site was inferred from Figure 6-6 in Pevey et al. (2020).
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(2019) evaluated the effects of climate change on water levels in the lower Columbia River during a
large flood event. They used two hydrodynamic models to simulate a flood from 1996 and then
adjusted the model boundary conditions to represent plausible but extreme future conditions with
climate change. This 1996 flood had a peak daily averaged discharge of approximately 865,000 cfs at
the Columbia River at Port Westward (gauge 14246900) downstream of the study site

(Wherry et al. 2019). Their analysis included increases in Columbia River and Willamette River peak
flows, increased sea level, and storm surge in the model scenario representative of possible future
conditions and evaluated water levels in the Portland area upstream of the project site. The results of
the modeling show an increase in predicted peak water level (peak river stage) of 1.26 to 1.65 meters
(4.1 to 5.4 feet) in the Portland area relative to the peak water level from the 1996 flood, if the storm
surge and high tidal water levels occur at the same time. Although predicted peak water levels at the
project site were not specifically provided by Wherry et al. (2019), they do provide predicted
increases in peak water level at Astoria, Oregon, at the mouth of the Columbia River. Predicted
increases in peak water level at Astoria (3.9 to 6.9 feet) bracket those at Vancouver, Washington

(4.1 to 5.4 feet), suggesting that the 4.1 to 5.4 feet predicted increase in water level at Vancouver is a
reasonable estimate for the project site, based on the Wherry et al. (2019) study. From their
published results, it is not possible to determine how much of the predicted increase in peak water
levels resulted from increasing discharge compared to other assumptions such as increasing water
levels at the ocean boundary or the co-occurrence of high tide and storm surge at the downstream
side of the model. As such, it is not possible to estimate a recurrence interval for the modeled flood
event and resulting peak water level. They also found that, in their simulation of extreme future
conditions with climate change, predicted water levels along many levees will exceed the required
safe levee height where reasonable flood protection is provided.

The predicted increase in peak water levels during large floods may have implications for design of in-
water piers or design and placement of land-side infrastructure at the project site because during
infrequent flooding events, peak water levels with climate change will likely be higher than past peak
water levels (Table 2). However, Wherry et al. (2019) evaluated water levels at Portland, Oregon, and
note that the conditions simulated were “extreme but plausible future conditions.” As such,
interpreting their results to suggest all future large floods will have peak water levels up to

1.65 meters (5.4 feet) higher than under existing conditions is likely the worst case scenario and not
appropriate.
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Table 2
FEMA 10-Year and 100-Year Recurrence Interval Water Levels at the Project Site

Elevation in Feet, Relative to NAVD88
Recurrence Interval Existing Conditions’ With Climate Change?
10 years 22 26.1to 274
100 years? 26 30.1t0 314
Notes:

1. Existing conditions water levels taken from the Federal Emergency Management Agency (FEMA 2018).

2. Increase in peak water levels during floods was assumed to be 4.1 to 5.4 feet, the same as estimated for Portland, Oregon, by
Wherry et al. (2019).

3. Based on cross-section area and average water velocity from FEMA (2018), the 100-year recurrence interval water level
corresponds to a discharge of approximately 745,000 cfs.

Summer low discharge in the Columbia River is projected to decrease as a result of climate change.
Decreasing flows in the summer could affect navigation in the lower Columbia River. RMJOC noted
possible effects on navigation: “When Bonneville Dam outflow falls below 80 kcfs (thousand cubic
feet per second), navigation in the lower Columbia River is adversely affected. The projections
indicate an increased likelihood of flows below this threshold from August to October. Water stored
in Lake Roosevelt is projected to be released more frequently to maintain minimum outflows at
Bonneville Dam” (RMJOC 2020).

1.3 Summary

Overall, using the USACE high sea level rise curve, this high-level evaluation suggests that the water
level at the project site could increase by approximately 1.4 feet between 2022 and 2070 for the
majority of the time as a result of sea level rise. This projected 1.4-foot increase in water level is in
addition to the present water levels, such that the Columbia River water level may be 1.4 feet higher
than present by the year 2070 for the majority of the time (Table 1). Climate change impacts during
large floods may see peak water levels increase by approximately 4.1 to 5.4 feet from a combination
of increased discharge, sea level rise, and coastal surge. As such, peak water level during infrequent
large flood events has the potential to be much higher than past peak water levels during flooding
(Table 2). Levee elevations near the project site are approximately 30 feet North American Vertical
Datum of 1988 (NAVD88). Assuming a 4.1- to 5.4-foot increase in peak water levels during large
flood events, peak water levels during a 100-year flood event would be near or exceed the levee
elevations near the project site.
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2 Models and Data Available for Simulating Future Conditions

Hydrodynamic modeling of the project site under future conditions may be needed to evaluate
conditions at the project site with projected climate change. A separate Dredging and Hydrodynamics
Assessment report provides information on the availability of models and data for simulating existing
conditions at the project site (Anchor QEA [forthcoming]). As such, this section focuses on simulating
future conditions and summarizes previous models that have been used to simulate the lower
Columbia River under conditions with climate change. The section also provides a summary of data
that are available to help build or inform the development of a hydrodynamic model to simulate
future conditions with climate change at the project site.

2.1 Previously Developed Models for Evaluating Future Conditions

Hydrodynamic models can be used to evaluate conditions at the project site under existing
conditions and under future conditions with climate change. USACE has developed a 2D Adaptive
Hydraulics (AdH) model of the lower Columbia River to evaluate water surface elevations and sea
level rise (Pevey et al. 2020). The model grid is highly resolved to directly include jetties and pile
dikes throughout the lower Columbia River (Figures 1 and 2). The high-resolution model grid
throughout the lower Columbia River is likely computationally feasible because the model is 2D. Pile
dikes are included in the model by increasing the friction within the relevant model grid cells, similar
to piles acting like dense and rigid aquatic vegetation. The AdH lower Columbia River hydrodynamic
model has been used to simulate salinity, temperature, vessel movement, and sediment transport
(USACE 2022b), and the executable file is available through USACE (2022c). Anchor QEA received
some input files for this model from the Portland District of USACE, retrieved a version of the AdH
model executable file from the USACE website, and confirmed that the model can be used to
simulate hydrodynamics in the lower Columbia River. This suggests that the 2D hydrodynamic model
is available for simulating hydrodynamics around the project site. Anchor QEA has not attempted to
fully understand the environmental conditions in the provided input files, simulate the full provided
time period of the model inputs, evaluate any resulting model output, or evaluate the model grid
near the project site for this due diligence report but could do so in future phases of this
investigation. If the provided model is deemed sufficient for simulating hydrodynamics at the project
site, it would provide an efficient starting point for evaluating hydrodynamics under existing
conditions, future conditions with climate change, and with-project conditions.

Wherry et al. (2019) applied the 2D AdH model and a 2D version of Delft-FM to evaluate sea level
rise and flood risk. A freely available 3D USGS Delft3D Lower Columbia River Model

(Stevens et al. 2021) was expanded to include additional areas behind levees, converted to a 2D
model, and recalibrated. The AdH model was also expanded to include additional floodplains.
Anchor QEA has reached out to USACE to inquire about additional documentation and the
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availability of the model for use on the Austin Point project. USACE provided additional information
relating to the Pevey et al. (2020) AdH model described in the previous paragraph.

The freely available Delft3D model of the lower Columbia River developed by Stevens et al. (2021)
could be adapted for use in simulating future conditions at the Austin Point project site. The
horizontal resolution of the model is relatively coarse at the project site for including specific
elements of the project in the model (Figure 3). However, the model grid could be refined around
the project site, or the model could be used to give a general understanding of how hydrodynamic
conditions and water levels may change under future environmental conditions.

Figure 1
Lower Columbia River AdH Grid Example

Figure 2-3. LCR AdH mesh showing resolution and elevation contouring.

Mesh Module elevation

Source: Pevey et al. (2020)
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Figure 2
Lower Columbia River AdH Grid Example Around Pile Dikes

Figure 2-8. LCR mesh showing pile dikes.

Source: Pevey et al. (2020)
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Figure 3
Grid for the Stevens et al. (2021) Hydrodynamic Model of the Lower Columbia River at the

Austin Point Project Site
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2.2 Data for Developing Future Conditions Model Scenarios

Data are available for developing a hydrodynamic model that can evaluate hydrodynamics at the
project site under projected future conditions. This section covers data that would be needed to revise
a model already developed for existing conditions to evaluate future conditions with climate change
and the project. In addition to the data that would be needed to model existing conditions, the data
that are most necessary for developing model boundary conditions representative of future
conditions are the projected rate of sea level rise and the projected future changes to river discharge.
USACE provides low, medium, and high sea level rise curves for Astoria, Oregon, at the mouth of the
Columbia River (USACE 2022a). These curves can be used to determine the projected sea level rise
rate at the mouth of the Columbia River over the lifespan of the project or for some specified number
of years into the future.

Various methods or data are available for estimating Columbia River discharge under future
conditions. Wherry et al. (2019) assumed a constant increase in Columbia River and Willamette River
discharges of 40% and 20%, respectively, when they evaluated a single event. Basic conceptual
understandings of the projected change in streamflow under future conditions could be used to
estimate scaling factors for modifying historical hydrographs, such as the constant proportional
increases in discharge used by Wherry et al. (2019). Alternatively, global climate models can be
downscaled and combined with hydrologic models to estimate synthetic hydrographs representative
of future conditions. However, this is very complex and complicated by the need to include dam and
reservoir operations to generate realistic hydrographs. Thus, a more simplified approach similar to
that used by Wherry et al. (2019) would be more appropriate for this project.

RMJOC (2018) evaluated future conditions using multiple global climate models, downscaling
techniques, and hydrologic models and developed hydrographs spanning 1950 through 2099. These
hydrographs represent no-regulation and no-irrigation (natural) flows under conditions with climate
change. These hydrographs that include the effects of climate change are available from the
University of Washington (UW 2022) and are available for the Lewis River and the lower Columbia
River. RMJOC (2020) then used reservoir operation models to convert the unregulated natural flows
to monthly averages of hydroregulated streamflows for three 30-year periods: 1967 through 2005,
2020 through 2049, and 2070 through 2089. The changes in monthly averaged streamflow that
incorporate dam and reservoir operations could be used to develop a first-order estimate of scaling
factors to adjust hydrographs based on gauge data to incorporate the effects of climate change. One
source of additional uncertainty in the RMJOC (2020) monthly flows is that there was no attempt to
incorporate changes to reservoir operations that may occur as a result of climate change.
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2.3 Summary

Hydrodynamic modeling of the project site under future conditions may be needed to evaluate
conditions at the study site with projected climate change. The 2D AdH model of the lower
Columbia River developed by USACE to evaluate water surface elevations and sea level rise

(Pevey et al. 2020) is available for modeling hydrodynamic conditions around the project site.
Anchor QEA has received input files for this model from USACE and confirmed that hydrodynamics
can be simulated in the lower Columbia River using the model. Additional effort would be needed to
confirm that the model is appropriate for evaluating specific future questions regarding
hydrodynamic modeling needs for the project; however, it appears that the model would work for
this purpose. Data are also available for developing hydrodynamic model inputs that include
projected climate change, to incorporate future conditions with climate change scenarios into the

modeling.
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