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SITE FLOODING ASSESSMENT 
INCLUDING SEA LEVEL RISE ANALYSIS 

Proposed Grays Harbor Potash Export Facility 
Ausenco Project #101051-03 

Hoquiam, Washington 

1.0 INTRODUCTION 

Assessing the risk posed by potential flooding is an important element in developing and redeveloping 
properties proximate to coastal shorelines or rivers. Sites within a flood zone may have activities and 
facilities that could be affected by periodic riverine and coastal flooding caused by significant storm 
events. Sea level rise (SLR) associated with projected changes in global climate would increase that 
flooding. As a result, the risk of SLR is increasingly being considered by private and public entities 
when making decisions regarding shoreline development. 

This study considers current flood conditions and assesses potential increases in water surface 
elevations due to SLR at the Grays Harbor Terminal 3 project site (the “site”) in the Port of Grays 
Harbor, Washington. 

2.0 SITE DESCRIPTION 

The project area is located in the City of Hoquiam within Grays Harbor County, Washington. The 
Hoquiam River flows through Hoquiam from north to south before discharging to Grays Harbor, which 
forms the southern boundary of the city. Development within the city is primarily located in the 
floodplain of the Hoquiam River near its mouth at Grays Harbor. Development includes residential, 
commercial, and industrial areas (Federal Emergency Management Agency [FEMA], 2017). Much of 
the City is surrounded by levees to control flooding. However, an evaluation of the levee system 
conducted by the United States Army Corps of Engineers (USACE) between 1976 and 1977 
concluded that the levees would likely be unable to withstand a 100-year flood event (FEMA, 2017). 
The railway that runs along the southern edge of the city was not designed as a flood control barrier, 
and FEMA presumed that it would not prevent passage of floodwaters from the Hoquiam River 
(Figure 1). 
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Figure 1 – Site Location Map 
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The project site is located 1 mile west of the Hoquiam River along the shore of Grays Harbor 
(Figure 2). It is bordered to the north by State Route 109 (West Emerson Avenue) and a railroad 
embankment, on the south by Airport Way and Grays Harbor, on the west by Paulson Road, and on 
the east by South Adams Street. Grays Harbor National Wildlife Refuge and Bowerman Airport are 
located to the west. 

 

 
Figure 2 – Project Site and Topographic Transects 

 
Note: all references to “Site Boundary” refer to the area studied, not the proposed project lease 
boundary. 

Topographic data for the site were available from two sources. The first was a survey conducted on 
July 21, 2017, by Berglund, Schmidt & Associates, Inc. (BSA), which was provided by Ausenco 
Engineering Canada, Inc. (BSA, 2017). Additional topographic data consisted of contours based on 
LiDAR data downloaded from the National Oceanic and Atmospheric Administration (NOAA) Data 
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Access Viewer (NOAA, 2017). The vertical datum for both was the North American Vertical Datum of 
1988 (NAVD88).  

Topography at the site was characterized along two transects that extend from foothills north of the 
site to Grays Harbor (Figure 2). Topographic profiles were created along both transects using 
contours downloaded from the NOAA Data Access Viewer (Figures 3 and 4). The NOAA data were 
used as coverage for this data set extends into the foothills north of the project location. The 
topographic survey conducted by BSA did not extend beyond the project boundaries. Transect 1 
coincides with Transect 71 in the FEMA Flood Insurance Study (FIS) for Grays Harbor County. 

 

 
Figure 3 – Site Topography Along Transect 1 
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Figure 4 – Site Topography along Transect 2 

 
Figures 3 and 4 illustrate that the project site lies on a relatively flat floodplain situated between Grays 
Harbor and steeply rising foothills to the north. Elevation differs by approximately 5 to 10 feet between 
the shoreline and the bulk of the project area. Under natural conditions, most of the site lies above the 
flood elevations on the Hoquiam River, but portions of the site area would be subject to backwater 
from the Hoquiam River floodplain. The existing railroad embankment that runs from east to west 
along the northern edge of the site may provide some interference to flood flows from the Hoquiam 
River but is not presumed to serve as a flood protection levee. 

3.0 EXISTING FLOOD CONDITIONS 

Existing flood conditions are documented in the FIS dated February 3, 2017 (FEMA, 2017). The 
hydrologic and hydraulic study used to prepare an FIS is also used to generate Flood Insurance Rate 
Maps (FIRMs), which identify areas of flood risk within a community. FIRMs designate flood zones 
and specify the extent of Special Flood Hazard Areas (SFHAs). SFHAs are areas subject to 
inundation by a 100-year return interval flood, also known as the base flood or 1-percent annual 
exceedance probability flood. The water surface elevation corresponding to the 100-year return 
interval flood is also referred to as the base flood elevation (BFE). 
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The Port of Grays Harbor Terminal 3 site is subject to both riverine and coastal flood hazards. 
Figure 5 depicts the extent of the 100-year flood for the City of Hoquiam vicinity, including the project 
site. The figure also shows the locations of the coastal transects (071 through 074) and Hoquiam 
River cross sections (A through H) used in FEMA’s hydraulic models. The riverine flooding shown on 
Figure 5 at the project site arises due to backwater effects from the Hoquiam River. Only a small 
portion of the northern end of the project site is mapped within the FEMA effective 100-year 
floodplain. The project area is located between FEMA cross sections C and D. The 100-year water 
surface elevations (WSELs) at both cross sections are 13.45 feet (NAVD88 datum), and the 500-year 
elevation is 14.00 feet, based on flood profile Panels 11P, 12P, and 13P in the FIS (FEMA, 2017). 
These profiles are reproduced in Appendix A of this report.  

 
Figure 5 – Extent of FEMA 100-Year Flood and Transects 

 
Note: all references to “Site Boundary” refer to the area studied, not the proposed project lease 
boundary. 
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Based on data in the FIS (Panels 11P, 12P, and 13P), a longitudinal profile was developed to 
illustrate the 100- and 500-year water surface elevations in relation to the bed of the Hoquiam River 
(Figure 6). Figure 6 illustrates the influence of Grays Harbor on water surface elevations in the 
Hoquiam River. This influence extends up the river beyond the limits of the study. As a result, high 
water surface elevations in the bay that coincide with high river flows will exacerbate flood conditions. 
Additionally, any rises in sea level would propagate up the Hoquiam River and contribute to overbank 
flooding. 

 
Figure 6 – Longitudinal Channel Profile of Hoquiam River with 100- and 500-Year WSELs 

 
The 2017 FEMA FIS for Grays Harbor County, Washington, also provides elevations for coastal 
flooding in Grays Harbor. For reference, FEMA transect 71 spans the project site, while transect 73 is 
located near the mouth of the Hoquiam River. WSELs for the coastal transects are given below: 

► Transect 71: 100-year = 12.4 feet, 500-year = 13.2 feet; 

► Transect 72: 100-year = 12.7 feet, 500-year = 13.0 feet; 

► Transect 73: 100-year = 13.3 feet, 500-year = 13.6 feet. 

Note that the extent of the SFHA due to coastal flooding within the project area occurs only along 
Moon Island Road west of Airport Way (Figures 2 and 5). 
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4.0 SEA LEVEL RISE 

Sea level rise was assessed in the specified site area of Grays Harbor using an ensemble of climate 
models from several scientific institutions. Change in the future flood recurrence intervals was not 
addressed. Such an evaluation would require the use of meso-climactic change models and is outside 
the scope of this evaluation. The study included two carbon emission scenarios (low and high). The 
analysis considered the period from 1950 to 2100. The complete analysis is included in Appendix B. 

Based on model results, we estimated both the mean and maximum increases in water surface 
elevation for Grays Harbor by the year 2100. The mean is the average of the entire ensemble of 
climate model estimates. The maximum is the single highest estimate. 

► Lower carbon emission scenario: 

− mean sea level rise: 0.65 foot; 

− maximum sea level rise: 1.52 feet. 

► Higher carbon emission scenario: 

− mean sea level rise: 1.10 feet; 

− maximum sea level rise: 2.10 feet. 

Increases in the elevation of Grays Harbor were added to the present 100- and 500-year water 
surface elevations at the site to estimate flood elevations for the year 2100. These flood elevations 
are given in Table 1. 

Table 1. Present and Year 2100 Estimated Water Surface Elevations at Project Site1 

Recurrence 
Interval 

Present 
(feet) 

Lower Carbon Emission 
Scenario (RCP 4.5)2 

Higher Carbon Emission 
Scenario (RCP 8.5) 2 

Mean 
(feet) 

Maximum 
(feet) 

Mean 
(feet) 

Maximum 
(feet) 

100-Year 13.45 14.10 14.97 14.55 15.55 
500-Year 14.00 14.65 15.52 15.10 16.10 

1. Water surface elevations in feet NAVD88. 
2. RCP = relative carbon emission pathway scenarios, as described in Appendix B. 

According to the most recent FEMA FIRMs, the extent of the SFHA (100-year floodplain) within the 
project area is 24.2 acres. However, our investigation using more detailed and recent site topography 
indicates that 18.9 acres are at an elevation lower than the present BFE (13.45 feet), and 29.1 acres 
are lower than the present 500-year flood elevation of 14.00 feet (Figure 7). If the mean SLR 
estimates of the higher carbon emission scenario are considered, 63.6 acres of the site would be 
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inundated by the 100-year event (14.55 feet), and 85.7 acres would be inundated by the 500-year 
event (15.10 feet) by the year 2100 (Figure 8).
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5.0 CONCLUSION AND CONSIDERATIONS 

Results of this analysis produced the following conclusions and considerations related to the 
proposed project development: 

► Based on the present site layout, present sea level, and the available information 
presented above, northern portions of the site may be impacted by 100-year or larger flood 
events (1-percent annual exceedance probability), which could inundate areas below 
elevation 13.45 feet. 

► The area of potential flood impact appears to be less than expected from the FEMA Flood 
Hazard Zone map based on more recent topographic data now available than when FEMA 
developed the map. Without modifying existing site grades, flooding may potentially affect 
operations at the northernmost building (covered storage area). 

► When sea level rise is considered, the extent of inundation at the northern end of the site 
would increase due to flooding from the Hoquiam River. Additionally, coastal flooding 
would increase along the southern edge of the project site, inundating both Moon Island 
Road and Airport Way. 

► Using the information presented in Table 1, the elevation of the covered storage building 
pad, critical infrastructure, and access roads can be designed sufficiently high to mitigate 
the flood risk. 

6.0 LIMITATIONS 

This report was prepared exclusively for Ausenco Engineering Canada, Inc., and BHP by Amec 
Foster Wheeler. The site analyses reported herein and this report are provided in accordance with the 
Amec Foster Wheeler proposal dated November 9, 2017. The quality of information, conclusions, and 
estimates contained herein is consistent with the level of effort involved in Amec Foster Wheeler 
services and is based on: (i) information available at the time of preparation; (ii) data supplied by 
outside sources; and (iii) the assumptions, conditions, and qualifications set forth in this report and 
Amec Foster Wheeler proposal. This report is intended to be used by the Client only for the Grays 
Harbor Terminal 3 site, subject to the terms and conditions of the contract between Ausenco 
Engineering Canada, Inc., and Amec Foster Wheeler. Any use which a third party makes of this 
report, or any reliance on or decisions to be made based on it, are the responsibility of the third party. 
Should additional parties require reliance on this report, written authorization from Amec Foster 
Wheeler will be required. With respect to third parties, Amec Foster Wheeler has no liability or 
responsibility for losses of any kind whatsoever, including direct or consequential financial effects on 
transactions or property values, or requirements for follow-up actions and costs. 
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In evaluating the Jansen Outbound Logistics Terminal 3 site, Amec Foster Wheeler has relied in good 
faith on information provided by other entities noted in this report, including FEMA. Amec Foster 
Wheeler has assumed that the information provided is factual and data are accurate.  

In addition, projections of future sea levels are based on simulations of the year 2100 climate from the 
CMIP5 climate model. The reliability and uncertainty in these simulations depend on the accuracy and 
representativeness of the climate models used. Many uncertainties remain in the response of climate 
and sea level to changes in atmospheric carbon levels. It should be noted that although 
understanding and simulation of the sea level have improved significantly in the last decade, 
considerable uncertainties remain in the projection of sea level change, because sea level reflects 
nearly all physical processes affecting the ocean, such as the seawater temperature, salinity, 
circulation, precipitation and evaporation, seafloor response, as well as ocean mass structure. 
Predictive models used in the site analyses are consistent with industry standards but have not been 
tested or calibrated with local historic data. 

7.0 REFERENCES 

Berglund, Schmidt & Associates, Inc. (BSA), 2017, Survey of Port of Grays Harbor Terminal 3, 
prepared for Berger Abam. Job Number: 17.055, July 21. 

Federal Emergency Management Agency (FEMA), 2017, Flood Insurance Study: Grays Harbor 
County, Washington and Incorporated Areas, Effective February 3, 2017. FEMA, Washington 
D.C. Available for download at https://msc.fema.gov/portal. 

National Oceanic and Atmospheric Administration (NOAA), 2017, Data Access Viewer: 
https://coast.noaa.gov/dataviewer/#/. Accessed December 14, 2017. 



 

 

Appendix A 
Flood Profiles 

 









 

 

Appendix B 
Analysis of Sea Level Rise Scenarios 
for Grays Harbor, Washington 



 

Amec Foster Wheeler Environment & Infrastructure, Inc. 
600 University Street, Suite 600 
Seattle, Washington 
USA 98101-4107 
Tel (206) 342-1760 
Fax (206) 342-1761 
www.amecfw.com 

Memo  

To: BHP Billiton Canada, Inc. Project: PS17190440 

From: Sepideh Khajehei 
Amec Foster Wheeler 

cc: Project File 
 

Tel: (206) 342-1760  

Fax: (206) 342-1761  

Date: January 9, 2018  
 
Subject: Analysis of Sea Level Rise Scenarios for Grays Harbor, Washington 

Jansen Outbound Logistics 
BHP Project #101051-03 
Hoquiam, Washington 

 
INTRODUCTION 
The risk for sea level rise (SLR) to increase tidal and flood elevations in low-lying coastal areas has 
been of increasing concern in recent decades. Local sea level rise is produced by the combined 
effects of global sea level rise and local factors, such as vertical land deformation (e.g., tectonic 
movement, isostatic rebound) and seasonal ocean elevation changes due to atmospheric circulation 
effects. The fourth Assessment Report of the Intergovernmental Panel on Climate Change (IPCC) 
projects global SLR over the course of this century to be between 7 and 15 inches for the 
Representative Carbon Emission Pathway (RCP) 4.5, and between 10 and 23 inches for RCP 8.5. 
RCP 4.5 and 8.5 refer to the lowest and highest emission scenarios, respectively. These projections 
are based on simulations of the 21st century climate from Phase 5 of the Coupled Model 
Intercomparison Project (CMIP5) (Taylor et al., 2012), which employed a set of coupled ocean-
atmosphere general circulation models (GCMs). The reliability and uncertainty in the projections 
presented here depend on the accuracy and representativeness of the climate models used.  

SLR is increasingly being considered by private and public entities when making decisions about the 
placement and protection of structures near shorelines. Mote et al. (2008) conducted a 
comprehensive study of SLR along the State of Washington coast. They state that the number of 
continuous monitoring sites with sufficiently long data records along the central and southern 
Washington Coast is small, adding to the uncertainty of SLR estimates for this region. Therefore, they 
suggest using multiple climate models to estimate SLR in this region.  

In this project, we are assessing SLR in Grays Harbor, located in the southwest corner of Washington. 
Our assessment employs outputs from the CMIP5 GCMs. This study addresses historical and future 
SLR projections under two scenarios (i.e., RCP 4.5 and 8.5) applied to the area surrounding Grays 
Harbor. SLR projections from the CMIP5 models extend to the year 2100. 

GLOBAL CLIMATE MODELS AND SEA LEVEL DATA 
The analysis is based on an ensemble of climate models from CMIP5 developed at a number of 
scientific institutions. Initially, we selected 10 models that had the necessary variables for this study 
(Table 1). The ocean component of these models is derived from various ocean general circulation 
models (OGCMs). These models differ greatly from each other in terms of model configuration. Two 
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of the selected models (CNRM-CM5 and HadGEM2-ES) were excluded from this study because their 
outputs required correction (Yin, 2012).  

Table 1.CMIP5 Models 

Model Model ID Variables 
Sea Level 

Trend 

BCC-CSM1-1 Model1 
Sea surface height above geoid (zos), 

global average sea level change (zosga). 
Increasing 

BCC-CSM1-1-m Model2 
Sea surface height above geoid (zos), 

global average sea level change (zosga). 
Increasing 

CanESM2 Model3 
Sea surface height above geoid (zos), 

global average sea level change (zosga). 
Increasing 

IPSL-CM5A-LR Model4 
Sea surface height above geoid (zos), 

global average sea level change (zosga). 
Decreasing 

IPSL-CM5A-MR Model5 
Sea surface height above geoid (zos), 

global average sea level change (zosga). 
Decreasing 

NorESM1-M Model6 
Sea surface height above geoid (zos), 

global average sea level change (zosga). 
Increasing 

CCSM4 Model7 
Sea surface height above geoid (zos), 

global average sea level change (zosga). 
Increasing 

CMCC-CM Model8 
Sea surface height above geoid (zos), 

global average sea level change (zosga). 
Increasing 

CNRM-CM5 Model9 
Sea surface height above geoid (zos), 

global average sea level change (zosga). 
Decreasing 

HadGEM2-ES Model10 
Sea surface height above geoid (zos), 

global average sea level change (zosga). 
Increasing 

Note: Shaded models were not used in the analysis, as discussed in text. 

Although the performance of the CMIP5 models in simulating the sea level has been substantially 
improved compared with the previous versions. These models still cannot directly account for net 
ocean mass changes induced by melting glaciers and ice sheets, and they compensate by relying on 
the simulated thermostatic sea level from three-dimensional Oceanic and atmospheric temperature 
models (Flato et al., 2013). Therefore, it is not possible to directly evaluate the actual SLR. Instead, 
we first analyze the dynamic sea level (DSL), which is defined as the local sea level deviation from the 
global mean (Yin, 2012). The DSL is the sea surface elevation with respect to the geoid determined 
by the dynamic balance associated with ocean density and circulation. The real SLR is then estimated 
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from a combination of the local DSL change and the global mean sea level change (Landerer et al., 
2014).  

The spatial resolution varies greatly among the model outputs from 1° to 2.5° degree (Flato et al., 
2013), and some of the models implemented ensemble runs, which were initialized with slightly 
different conditions (Taylor et al., 2012). For simplicity, only monthly averaged outputs with the first 
ensemble member were analyzed for each model. All model outputs were regridded to a regular 
1°×1° grid using bilinear interpolation prior to analysis. 

SEA LEVEL CHANGE ASSESSMENT AT GRAYS HARBOR 
The results of the SLR analysis are presented for monthly and annual sea level change during the 
period 1950 to 2100. Changes in SLR are calculated relative to a January 1950 baseline. Figure 1 
represents the monthly ensemble with the mean and uncertainty bound defined as the mean plus or 
minus the standard deviation for the eight GCMs used in the analysis (Table 1). Overall, our analysis 
indicates that monthly sea level will rise by 0.5 to 0.7 foot within Grays Harbor by the year 2100 based 
on RCP 4.5 and 8.5, respectively. 

The annual sea level changes for each of the eight models evaluated are presented on Figure 2. 
Figure 2 illustrates that Models 4 and 5 predict a decrease in sea level, whereas the remaining 
models indicate a rise in sea level. These differences are due to the different model configurations 
and carbon feedback assumptions. However, the mean SLR for the results from all eight model shows 
an increase in the annual sea level compared to January 1950.  
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Figure 1. Monthly Sea Level Change for the Period 1950-2100.  

The uncertainty bound (mean – Std, mean + Std) is calculated based on eight GCMs for the period of study. 
Std = standard deviation 
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Figure 2. Annual Sea Level Change for the Period 1950-2100 

Figure 3 presents box plots showing the range of future sea level changes predicted by the eight 
different models at the Grays Harbor site at 10-year intervals for the time period 2000–2090. The 
results show an increasing trend in expected sea level over the course of 100 years.  
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Figure 3. Range of Annual Sea Level Changes Projected by Eight Different Models. 

Red lines show median; upper and lower edges of box show 25th and 75th percentile values; tails show the maxima 
and minima. 

SUMMARY OF ASSESSMENT 
SLR in Grays Harbor is evaluated based on the model outputs from eight GCMs. Two carbon 
emission scenarios (RCP 4.5 and 8.5) were considered for this assessment. The model outputs were 
extracted for both the historical period (1950-2005) as well as future projections (2006-2100). The 
range of projected SLR at the project site for the years 2050 and 2100 based on eight GCMs are 
presented in Table 2. The SLR values in the table are in comparison to the baseline sea level (e.g., 
1950). The minimum and maximum estimates for each carbon emission scenario represent the single 
lowest and highest values from the eight GCMs evaluated for this study. The mean value is the 
average of all models outputs. Under the low carbon emission scenario, the mean sea level rises 
expected by 2050 and 2100 are 0.30 foot and 0.65 foot, respectively. The high carbon emission 
scenario predicts mean sea level rises of 0.40 foot and 1.10 feet for the years 2050 and 2100, 
respectively. The maximum predicted sea level rises under the low and high carbon emission 
scenarios are 1.52 and 2.10 feet, respectively.   
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Table 2. Summary of SLR for 2050 and 2100. 

Years RCP 4.5 (Low Emission Scenario) RCP 8.5 (High Emission Scenario) 
Min (feet) Max (feet) Mean (feet) Min (feet) Max (feet) Mean (feet) 

2050 -0.45 1.00 0.30 -0.55 1.10 0.40 
2100 -0.9 1.52 0.65 -1.24 2.10 1.10 
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