
 
 
 
October 21, 2019 
 
 
 
The Honorable Andrew R. Wheeler, Administrator 
U.S. Environmental Protection Agency 
1200 Pennsylvania Avenue, NW 
Washington, D.C. 20460 
 
Re:   EPA’s Proposed Rule, Updating Regulations on Water Quality Certification        
            (Docket ID No. EPA-HQ-OW-2019-0405) 
 
Dear Administrator Andrew Wheeler: 
 
The state of Washington strongly opposes the U.S. Environmental Protection Agency’s (EPA) 
proposed rule, Updating Regulations on Water Quality Certification, that attempts to subordinate 
states and unlawfully subvert our authority under Section 401 of the federal Clean Water Act. 
EPA’s proposal amounts to no less than a rewrite of this important law that for decades has 
enabled states to protect and enhance water bodies within our borders. I urge EPA to drop this 
proposal immediately.  
 
The Washington State Department of Ecology (Ecology) is the designated water quality authority 
and Section 401 certifying agency in Washington State. Our agency was the first in the nation to 
receive federal Clean Water Act delegation almost 50 years ago. Since then, we have a long and 
well-documented record of implementing a successful and fair Section 401 program.  
 
Despite our record, EPA improperly cites in its Economic Analysis (Section 4.1.2 and 6.2),  
Ecology’s denial1 of the Millennium Bulk Terminals coal export facility that was proposed along 
the Columbia River, as a reason for EPA to make radical and illegal changes to the Clean Water 
Act. Contrary to allegations that Ecology “abused its authority” in that decision, Ecology’s basis 
for denial has been upheld by every court that has reviewed the decision.   
 
EPA’s rule will not change the facts in the Millennium decision. Even so, EPA is attempting to 
undo 50 years of successful, non-partisan, Section 401 implementation by state agencies because it 
disagrees with Washington, and a few other states, on recent decisions.  
                                                      
1 September 26, 2017 Section 401 Water Quality Certification Denial (Order No. 15417) for the Millennium Bulk 
Terminal-Longview, LLC Coal Export Terminal. [Attachment A]. 
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By the stroke of a pen, EPA is proposing to: 
 

1. Diminish state authority to review and condition Section 401 certifications; 
2. Grant federal agencies absolute veto authority over state conditions and decisions; 
3. Impose arbitrary timelines on states, contrary to the Clean Water Act; and 
4. Upend the Clean Water Act without a reasoned rationale.  

 
If finalized, the rule would significantly hinder states’ ability and authority to manage and protect 
the water our residents need for drinking, fishing, and recreation.  Washington is home to 7.5 
million residents and 29 federally recognized Native American tribes.  These communities rely on 
our program to ensure that federally-permitted projects do not undermine federal treaty 
obligations, violate water quality standards or disrupt our way of life in the Pacific Northwest.  
 
EPA’s Rule Diminishes State Authority to Review and Condition Section 401 Certifications 

 
In the amended Clean Water Act of 1972, Congress made clear that the authority for Section 401 
certifications belongs with the states — not the federal government.  It also made clear that states 
may regulate beyond federal standards.  
 
Section 401 empowers states to approve, condition, or deny applications to ensure that 
construction and operation of a project will not degrade our waters.  When an applicant seeks an 
individual Section 401 certification, any actions necessary to protect water quality are included as 
conditions in the certification, which are then incorporated into the federal permit.  As Congress 
intended, the scope of this review goes beyond just point source impacts.  Section 401 
certifications address discharges from project operations that are not covered under other federal 
permits. For example, a pier with a conveyor belt component may have incidental discharges into 
water from operations such as moving gravel from a stockpile to a vessel.  The Clean Water Act 
gives states the ability to condition Section 401 certifications for all discharges, without restriction 
from EPA. 
 
Now, EPA proposes to unlawfully narrow the scope of the type of pollution states can review 
to only point source discharges.  This would not only dramatically narrow the scope of what 
we can review within a specific project, it would exempt some projects from review 
altogether.   
 
For example, this rule would exclude from federal permitting non-point source discharges, 
such as Army Corps of Engineers dredge and fill projects and point-source discharges into 
non-navigable headwater streams and wetlands.  These potential sources of pollution are 
currently covered by Section 401 certifications and allow Washington to maintain the quality 
of our hundreds of water bodies across the state.  By allowing for more degradation of our 
waters, EPA’s proposal could drastically impact Washington’s endangered and threatened 
species, including the southern resident Orca and numerous salmonid species. As EPA’s 
scientists know, activities that reduce stream flow or cause non-point discharges, such as 
urban run-off, have been shown to directly harm salmon and other aquatic species.  
 
EPA’s proposal to limit the scope of Section 401 is not just bad policy, it also directly 
conflicts with two seminal Section 401 court cases. In 1994, the U.S. Supreme Court 

https://ecology.wa.gov/Regulations-Permits/Permits-certifications/401-Water-quality-certification/non-hydropower-401-certifications
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unequivocally held that the scope of 401certification applies to the activity as a whole, not solely 
point source discharges. PUD No. 1 of Jefferson County and City of Tacoma v. Washington 
Department of Ecology, 511 U.S. 700 (1994) (PUD No. 1).  Twelve years later, the Court 
reiterated this principle in S. D. Warren Co. v. Maine Bd. of Environmental Protection, 547 
U.S. 370 (2006).  EPA ignores these binding precedents by narrowly interpreting the scope of 
Section 401 to apply only to point-source discharges.  In doing so, EPA tries to prohibit states 
from prescribing conditions that address impacts from the project activities as a whole rather 
than only those impacts that result from a specific point source discharge.  EPA’s proposal 
attempts to overrule two Supreme Court cases.  The Clean Water Act does not give EPA this 
authority. 
 
EPA’s proposal contravenes the spirit and plain language of the Clean Water Act, ignores 
Supreme Court precedent, and makes it impossible for states to protect water quality in our own 
backyard.  EPA should cease work on this ill-advised and illegal proposal.   

 
EPA’s Rule Grants Federal Agencies Absolute Veto Authority over State Decisions 

 
EPA’s rule also gives federal agencies unprecedented veto authority over state Section 401 
denials and conditions2.  This, EPA cannot lawfully do.   

 
EPA’s approach treats states like obstacles rather than regulators, requiring states to submit 
specific supporting information for each condition included in a Section 401 certification.  This 
includes a statement of whether and to what extent a less stringent condition could satisfy water 
quality requirements.  Federal agencies would then determine if the condition meets their criteria 
and if the state conditions will be included in the project license or permit.  This is an insult to 
states, an affront to cooperative federalism, and is in no way supported by the plain language of 
Section 401. States are explicitly authorized to impose conditions necessary to meet water quality 
requirements and other applicable requirements of state law.  There is no authority, explicit or 
otherwise, that allows federal agencies to veto certifying state agencies’ conditions. 
 
EPA’s proposal also purports to give federal agencies authority to override a state denial of a 
Section 401 certification. EPA does this by deeming a state’s authority waived—even if the 
state denies within the timeframe—if the federal agency decides the basis for denial is outside 
of what the federal agency determines to be appropriate.  Nothing in the Clean Water Act 
supports this novel and expanded definition of waiver.  Simply put, this is a power grab by 
EPA to subvert state authority so that projects can be built at lightning speed regardless of 
their environmental harms or consequences.  Neither the language, nor the intent of the Clean 
Water Act, supports this astonishing overreach by EPA.  
 
EPA also proposes that state certifying agencies would have no continuing jurisdiction to 
enforce compliance with conditions in the Section 401 certification.  The rule language would 
shift enforcement of the state’s conditions to the federal agency.  However, history has shown 
that federal agencies do not enforce conditions in Section 401 certifications.  In fact, it has been 
                                                      
2 This is contrary to a long line of cases recognizing that states, and only states, have authority to impose conditions 
and that federal agencies may not override them. See, e.g., PUD No. 1 of Jefferson County, 511 U.S. 708, 734; U.S. 
Dep’t of Interior v. FERC, 952 F.2d 538, 548 (D.C. Cir. 1992)   
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our experience that the federal agencies rely on Ecology to enforce the Section 401 conditions and 
provide information to the federal agencies for their own enforcement efforts.  It is highly unlikely 
that federal agencies can now effectively assume an increased burden of monitoring state 
conditions in future Section 401 certifications.  That is why states frequently include a state 
enforcement provision in certifications.  This independent state enforcement provision is based on 
state law, which EPA has no authority to override.   
 
Under the Clean Water Act, EPA cannot veto the conditions or denials that a state issues 
under Section 401.  EPA must respect the cooperative federalism embodied in the Act and 
halt its current rulemaking process. 
 

EPA’s Rule Imposes Arbitrary Timelines on States 
 
In crafting Section 401 (and its predecessor, Section 21(b) of the Water Quality Improvement 
Act of 1970), Congress recognized that the robust review, of federally licensed and permitted 
projects, reserved to states requires a reasonable period of time to accomplish. In balancing 
reasonable time with preventing permitting delays due to “sheer inactivity” by states, 
Congress expressly defined the reasonable period of time for Section 401 certifications as up 
to one year. Id.; see also 33 U.S.C. § 1341(a)(1).  Despite this clear direction from Congress, 
EPA’s proposed rule attempts to authorize federal permitting agencies to set deadlines for 
states to complete Section 401 reviews far short of this one-year timeline.  More troubling 
still, EPA’s proposed rule attempts to authorize federal agencies to find that states failing to 
meet these unreasonably short timelines to have constructively waived their Section 401 
authority.  
 
Decisions as to the appropriate timeline for processing Section 401 certifications must be left 
to the states.  While EPA and federal permitting agencies can suggest guidelines as to what 
they believe are appropriate timelines for state Section 401 certifications, they lack authority 
to mandate such timelines or find constructive waiver where those timelines are not met. 
 
Furthermore, EPA’s proposal to shorten timeframes is impractical and serves to emphasize   
that EPA and other federal licensing agencies simply do not have the years of expertise on 
Section 401 to understand review time needs.  In fact, EPA is responsible for only a limited 
number of Section 401 applications and has little experience in running a robust Section 401 
program — let alone a program that can manage the large volume and varied scope of 
projects processed on a routine basis by states like Washington.  
 
For example, Washington State receives an average of 400 Section 401 water quality certification 
requests every year.  It is important to note that not all certification requests under Section 401 are 
equal — each is different and each carries unique implications that must be examined based on the 
specific characteristics of the water bodies and federally-permitted activities in question.  Those 
that do not require an individual Section 401, and are eligible to receive nationwide permits, take 
an average of 60 days for Ecology to process.  For those that require an individual permit, Ecology 
averages 160 days to reach a decision.  However, some Section 401 applications require more time 
because the proposed project is unusually complicated or the applicants fail to furnish sufficient 
information.  EPA’s approach to timing does not consider these individualized circumstances. 
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EPA’s truncated deadlines demonstrate its lack of real-world knowledge over how the Section 
401 certification process actually works.  Section 401 decisions involve an iterative process of 
reviewing an application for necessary information and accuracy.  Thorough reviews may 
even be dependent on the time of year and often include verifying an application’s accuracy 
with seasonally-timed field investigations, which can sometimes take a few months to 
complete.  For example, accurate wetlands delineation work typically cannot be accomplished 
in dry summer months.  Thus, if a project that affects a wetland submits the required wetland 
delineation report in late summer, confirmation of the finding of that delineation report may 
need to occur months later, in early spring, when wetland hydrologic conditions are likely to 
be present.   
 
These circumstances are common in Washington.  Our state has a large number of wetlands, 
hundreds of lakes, hundreds of miles of marine shoreline, and thousands of miles of rivers 
and streams.  We are proud to be home to the Columbia River, the fourth largest river in the 
country, and the Puget Sound, our nation’s largest estuary.  Washington residents are deeply 
reliant on clean water for their livelihood.  Water quality is, therefore, a paramount concern of 
Washington State. 
 
Imposing an arbitrary timeline for water quality review in Washington will prevent us from 
determining whether a project would result in degradation of our waters. Without adequate 
information to ensure a project will not harm water quality, we will be forced to deny Section 
401 certification requests.  While it is clear EPA intends for its rule to result in more 
approvals, placing arbitrary timelines on states will have the opposite effect.  
 
The problem posed by short deadlines is further compounded by EPA’s proposal to limit the 
ability of the states to obtain crucial information before making a decision.  In its rule, EPA 
gives state certifying agencies only 30 days to request additional information from the 
applicant.  EPA then limits the request for additional information to only information that can 
be collected or generated within the federal agency-established deadline.  
 
The proposed rule goes further by preventing states from getting the information necessary to 
properly review Section 401 applications by starting the clock on state certifying agencies the 
moment a request is submitted—regardless of whether the application is complete.  In fact, 
EPA does not require applicants to provide any information about the impact of the project on 
water quality, or demonstrate compliance with state water quality standards.  This approach is 
fraught with problems.  Proponents often intentionally submit applications with minimal or 
“draft” supporting materials in order to get their projects “in line” with the intent of using the 
iterative process described above to ensure that our agency has the information it needs to 
make an informed and defensible decision.   
 
Faced with these information deficiencies and compressed review time, Ecology will be 
forced to deny Section 401 applications due to inadequate assurance that the project will meet 
water quality standards.  This is an unfortunate but inevitable consequence of EPA’s proposed 
rule, which will undermine our state’s long record of success in issuing Section 401 certification 
decisions under the one year period allotted to states by the Clean Water Act. 
 
Given Washington’s proven ability to make certification decisions in a timely and appropriate 
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manner, we question the administration’s motivation for drastically reducing the deadline for 
Section 401 decisions.  This rule seems to be less about streamlining the Section 401 process and 
more about letting the federal government seize control of these decisions and sideline states in the 
process.  This ignores the intent of the Clean Water Act. 
 

EPA Fails to Provide a Reasoned Rationale for its Rewrite of the Clean Water Act  
 
EPA claims that the proposed rule would provide greater clarity and regulatory certainty for the 
water quality certification process, consistent with the April 2019 Presidential Executive Order 
(EO), 13868, Promoting Energy Infrastructure and Economic Growth.  To the contrary, EPA’s 
rule is a thinly veiled attempt to block states from conditioning or denying certifications, 
regardless of the water quality that states are seeking to protect.  The stated purpose of EO 13868 
is to promptly advance the construction of energy infrastructure.  The rule, however, would apply 
to any and all Section 401 certification requests, not just energy projects.  EPA’s position takes a 
sledgehammer to the principles of cooperative federalism embodied in the Clean Water Act.  
 
For almost 50 years, Ecology has issued thousands of Section 401 certifications, hundreds of 
certifications with conditions, and approximately 30 denials.  Of these water quality decisions 
issued in the past half-century, only a small fraction have been appealed.  We attribute this low 
number of legal challenges to our effective, fair, and thorough process. 
 
Yet, in its economic analysis, EPA cites four high-profile Section 401 denials, including 
Washington’s denial of the Millennium coal export terminal, as a basis for rewriting Section 401. 
What the economic analysis neglects to mention is that the proposed export terminal in 
Washington failed to demonstrate compliance with water quality standards and further failed to 
meet our state’s environmental standards.  The environmental analysis3 demonstrated that this 
project would have destroyed 24 acres of wetlands and 26 acres of forested habitat, as well as 
dredged 41 acres of riverbed.  It would have contaminated stormwater from stockpiling 1.5 
million tons of material onsite near the Columbia River.  Washington’s denial of the Section 401 
to Millennium has been upheld by every court that has so far reviewed our decision. 
 
It is also worth noting that two other entities have independently denied separate, required 
approvals for the Millennium project.  A Cowlitz County hearings examiner denied4 a necessary 
land use permit for the project after concluding that the project would not meet the requirements of 
the state Shoreline Management Act.  The Washington State Public Lands Commissioner denied5 
a necessary aquatic sublease for the project because the company refused to provide information 
demonstrating that the project was financially viable.  That decision was recently upheld by the 
state Court of Appeals6.  
 
Thus, even if Ecology had not denied the Section 401 certification for the project, the project 

                                                      
3 Millennium Bulk Terminals – Longview EIS - Environmental Impact Statement April 28, 2017. 
http://millenniumbulkeiswa.gov  
4 Cowlitz County Hearing Examiner Shoreline Permit Application No. 17-0992 Findings of Fact, Conclusions of Law 
and Decision Denying Permits November 14, 2017 (Attachment B). 
5 DNR Denial of consent to Sublease Aquatic Lands Lease No. 20-B0922, January 5, 2017 (Attachment C) 
6 Northwest Alloys, Inc. v. Washington Department of Natural Resources, __Wash. App. __; 447 P.3d 620, 623 (2019) 
(Attachment D)  

http://millenniumbulkeiswa.gov/
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would not be built due to the denial of other mandatory permits. The company has regretfully 
failed to point out these facts in its heated rhetoric around the Section 401 denial.  As a result, 
EPA is poised to rewrite Section 401 based on the factually inaccurate complaints of a company 
that is displeased with the state for refusing to rubber stamp its permit applications. 
 
Finally, EPA’s economic analysis, which includes an analysis of the Millennium project, is 
incomplete because it fails to take into account the significant public health and environmental 
costs associated with this massive industrial proposal.   A report prepared by an expert economist 
demonstrates that the 50-year costs of the project would range from approximately $4.72 billion to 
$10.11 billion.7  The 20-year costs would range from $2.44 billion to $3.34 billion.  In other 
words, the economic costs of this project greatly exceed its economic benefits.  
 
EPA’s economic analysis, which is based on false assumptions and contains many deficiencies, 
utterly fails to provide justification for EPA to gut the Clean Water Act.  It does not give EPA 
authority to overturn landmark U.S. Supreme Court decisions that assure federally licensed and 
permitted projects comply with state water quality standards and other applicable state laws. 
EPA’s proposal is unlawful and unsupported considering the last 50 years of successful 
implementation of Section 401.  
 
For the reasons detailed here, EPA should abandon this misguided attempt to diminish state 
authority and instead allow states to continue their long tradition of stewarding Section 401 
responsibly, justly, and consistent with the law.  The people of Washington deserve no less.  
 
If you have any questions, please contact Sharlett Mena, my Special Assistant at (360) 688-6229 
or by email at Sharlett.Mena@ecy.wa.gov.  
 
Sincerely, 

 
Maia D. Bellon  
Director 
 
 

                                                      
7 Expert Report: Economic Costs within Washington State of the Proposed Millennium Bulk Terminal in Longview, 
Washington – David Batker, November 14, 2018 (Attachment E). 

mailto:Sharlett.Mena@ecy.wa.gov
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IN THE COURT OF APPEALS OF THE STATE OF WASHINGTON 


DIVISION  II 


NORTHWEST ALLOYS, INC., AND 


MILLENNIUM BULK TERMINALS-


LONGVIEW, LLC, 


No.  51677-2-II 


Respondents/Cross-Appellants, 


v. 


STATE OF WASHINGTON DEPARTMENT 


OF NATURAL RESOURCES, AND THE 


HONORABLE HILARY S. FRANZ, AND 


COLUMBIA RIVERKEEPER, 


WASHINGTON ENVIRONMENTAL 


COUNCIL, AND SIERRA CLUB, 


PUBLISHED OPINION 


Appellants/Cross-Respondents. 


SUTTON, J. — The Department of Natural Resources and the Commissioner of Public 


Lands Hilary S. Franz (collectively DNR), and Columbia Riverkeeper, Washington Environmental 


Council, and Sierra Club (collectively Intervenors) appeal the superior court’s order concluding 


that DNR acted arbitrarily and capriciously by denying Northwest Alloys, Inc.’s (NWA) consent 


to sublease state-owned aquatic lands to Millennium Bulk Terminals-Longview, LLC 


(Millennium).  DNR and Intervenors argue that DNR’s decision to deny consent to sublease was 


not arbitrary and capricious due to NWA’s refusal to provide requested financial information about 


Millennium and DNR’s legitimate concerns about Millennium’s financial condition and business 


reputation.   


Filed 


Washington State 


Court of Appeals 


Division Two 


August 20, 2019 
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 NWA and Millennium cross-appeal and argue that the superior court applied the incorrect 


standard of review.  NWA and Millennium contend that under RCW 79.02.030, the superior court 


should review de novo DNR’s denial of consent to sublease by applying the “reasonably prudent 


person” test.   


 We agree with DNR and Intervenors, and reverse and vacate the superior court’s orders, 


and order the superior court to issue a new order affirming DNR’s denial.1   


FACTS 


I.  HISTORY OF THE SITE 


 Reynolds Metals Company, which was owned by Alcoa Corporation, owned property 


adjacent to the Columbia River navigation channel in Longview.  In 2004, Chinook Ventures, Inc. 


purchased a smelter located on the property and entered into a long-term ground lease with 


Reynolds.  In 2005, Alcoa transferred the property from Reynolds to another of its subsidiaries, 


NWA.   


 Alcoa—most recently through NWA—leased the state-owned aquatic lands adjacent to the 


property from DNR.  NWA used the dock and associated infrastructure on the aquatic lands for 


shipping alumina to Alcoa’s Wenatchee Works smelter in eastern Washington.   


 In 2008, DNR renewed its aquatic lands lease with NWA for an additional 30-year term.  


Under the terms of the lease, NWA could not sublease the property without the written consent of 


DNR, which DNR could not unreasonably withhold.  The lease provided that in considering 


                                                 
1 NWA and Millennium also cross-appeal the superior court’s remedy order, which remanded the 


sublease decision back to DNR for further consideration.  Because we reverse the superior court’s 


order on the merits, we do not address the superior court’s remedy order other than to vacate it.     
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whether to consent to a sublease, DNR could consider, among other items, “the proposed 


transferee’s financial condition, business reputation and experience, the nature of the proposed 


transferee’s business, the then-current value of the [p]roperty, and such other factors as may 


reasonably bear upon the suitability of the transferee as a tenant of the [p]roperty.”  Clerk’s Papers 


(CP) 16890.   


 After renewing its lease with DNR, NWA subleased the aquatic lands to Chinook with 


DNR’s consent.  Chinook imported alumina as an operator for NWA, and also used the property 


to store petroleum coke and transfer it onto ships at the dock.  During its subtenancy, Chinook 


failed to obtain the required state and local regulatory permits for its petroleum coke business and 


failed to provide adequate environmental controls.  Chinook built improvements such as a 


remodeled ship loader and overwater conveyor system without obtaining the required permits or 


authorization under the lease.  Chinook amassed a significant number of environmental violations 


issued by the Department of Ecology, received a stop work order from Cowlitz County, received 


a notice of violation from the U.S. Army Corps of Engineers, exacerbated environmental concerns 


at the site, and put NWA in default of its lease with DNR.   


II.  MILLENNIUM 


 In the fall of 2010, while still in default of the lease, NWA sought DNR’s consent to 


sublease the property to Millennium.  Millennium was a limited liability company organized in 


2010 for the purpose of acquiring Chinook’s assets, leasing the smelter property, and subleasing 


the aquatic lands.  Millennium’s purported plan was to continue the alumina handling operations 


at the site using the existing equipment and planned upgrades.  Millennium’s undisclosed long-


term objective, however, was to construct a large coal export terminal on the site.   
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 According to the original permit application from Millennium’s corporate parent, a 


subsidiary of Ambre Energy Inc. (Ambre), the terminal project would allow coal handling and 


exportation of 5.2 million metric tons of coal per year.  A State Environmental Policy Act (SEPA)2 


determination for the original permit application resulted in a mitigated determination of 


nonsignificance finding, meaning that a full environmental impact study was not required.  


However, internal Ambre documents later revealed that Millennium intentionally concealed the 


extent of its plans for the coal export facility in order to avoid full environmental review.  After 


Millennium’s deception made national and local news, Millennium withdrew its terminal proposal.   


 In early 2012, Millennium filed a revised permit application, this time disclosing the full 


scope of its plans for facilities on the property.  Millennium sought to build, operate, and maintain 


the largest coal export terminal on the west coast, exporting 44 million metric tons of coal per year.  


Millennium planned to add two large docks to the property.  Operating the docks would have 


required significant new dredging of the aquatic lands within and outside of the geographical areas 


covered by the lease.   


III.  FINANCIAL CONCERNS 


 During a severe coal market downturn in late 2014, Ambre sold its North American 


assets—including a 62 percent ownership stake in Millennium—to a creditor, Lighthouse 


Resources.   


                                                 
2 Ch. 43.21C RCW. 
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 In late 2015, Alcoa announced it would curtail production at Wenatchee Works.  


Wenatchee Works had used the Longview dock leased by NWA to import alumina.  Following the 


suspension of production at Wenatchee Works, the dock was not in use.   


 Due to continued poor coal market conditions, several United States coal producers filed 


for bankruptcy in 2016.  Arch Coal, Inc., which owned 38 percent of Millennium, declared 


bankruptcy in early 2016.  As part of its bankruptcy, Arch Coal sold its interest in Millennium to 


Lighthouse Resources, Millennium’s only remaining corporate parent.  In return for its interest in 


Millennium, Arch Coal received only a release of its obligation to provide capital support of 


Millennium’s projects.  Arch Coal stated that the capital contributions Millennium needed from 


Arch Coal to stay afloat were so significant that Arch Coal’s entire ownership share in Millennium, 


which it valued at nearly $38 million, would have been completely drawn down in a matter of 


weeks.   


IV.  NEGOTIATIONS & DNR’S REQUESTS FOR INFORMATION 


 On November 18, 2010, shortly after NWA sought DNR’s consent to sublease to 


Millennium, DNR requested information about Millennium from NWA, including at a minimum:  


1.  The financial condition of Millennium Bulk Logistics, Inc., including the extent 


of its assets, to help DNR determine whether it has the financial wherewithal to 


comply with the terms of the lease—especially in terms of abiding by requirements 


related to authorized improvements.   


 


2.  The business reputation and experience of Millennium Bulk Logistics, Inc., and 


if this Incorporation has been formed just to operate this site, the business reputation 


of any of its affiliates, owners, or partners.  DNR would like to understand the 


history of this company and any of its individual owners in terms of the conduct of 


their business(es) and whether they have any history of causing environmental 


damage or failing to comply with applicable law and regulatory requirements.  As 


a steward of state-owned aquatic lands and responsible for this site, DNR would 


like to understand that the new proposed sublessee will be able to perform its 
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obligations under the lease that relate to site stewardship and otherwise.  Please 


inform us of each of the owners of the Incorporation and their experience with site 


uses such as the one proposed for the sublease.  


 


3.  Any information that you can provide that will inform us of site operating 


protocols that will protect state-owned aquatic lands from the release of hazardous 


substances and that will provide environmental protection.  If Millennium or any 


of its partners has experience with the types of systems that would be put in use at 


the Longview site, please describe what controls are in place to prevent harm to the 


aquatic environment in which the facility would exist, and how upland operations 


may affect state-owned aquatic lands.   


 


CP at 17023.   


 Four days later, Millennium responded to DNR and explained that Millennium was a LLC 


organized for the sole purpose of the Longview site project and was a wholly owned subsidiary of 


Ambre.  Millennium directed DNR to Ambre’s website to review Ambre’s annual reports and 


noted that, at closing, Millennium planned to post a $10 million irrevocable standby letter of credit 


to NWA to provide security for Millennium’s lease commitments.  Millennium also provided a 


follow-up letter summarizing the assets devoted to the project.   


 On November 29, 2010, DNR clarified that the information Millennium had provided did 


not fully satisfy DNR’s requests.  Millennium resisted DNR’s requests, stating that “the thought 


that Millennium has to demonstrate financial capability to DNR is misplaced.  Certainly, DNR can 


make reasonable inquiry into the sublease and its plans.  However, the obligations of Millennium 


flow to Northwest Alloys, Inc., the tenant.”  CP at 337.   


 After Millennium’s full plan for the coal terminal came to light in early 2011, DNR 


informed Millennium and NWA that it would not make a decision on the request for consent to 


sublease until the related shoreline permit and SEPA processes were resolved and until the 


companies obtained the permits required for any and all planned improvements.  DNR explained 
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that NWA’s and Millennium’s inconsistencies regarding the scope of the proposed coal project 


made evaluating the proposed sublease difficult.   


 By late 2015, DNR’s, NWA’s, and Millennium’s negotiations appeared to be in their final 


stages.  On December 14, 2015, DNR suggested two revisions to the consent to sublease, which 


NWA and Millennium accepted.  NWA and Millennium replied, “From our standpoint, we believe 


these document[s] now to be final, and that all we need to do is ‘accept’ the changes in both and 


route for signature.”  CP at 1512.   


 However, after Arch Coal’s bankruptcy in January, DNR sent a letter dated February 3, 


2016, to NWA explaining that DNR needed additional information to complete its review of the 


request for consent to sublease.  DNR emphasized its concern about Arch Coal’s bankruptcy and 


the potential impact on Millennium’s financial capability.   


The financial capability of Millennium to perform is critical.  As the conditions on 


the leased property and adjoining uplands resulting from the operations of [NWA’s] 


previous subtenant Chinook Ventures demonstrate, when a subtenant in possession 


of the property lacks the wherewithal to maintain the property and comply with 


other lease requirements, it may cause significant damage to the property and 


improvements that takes substantial amounts of time and resources to address.   


 


CP at 1539.   


 DNR also questioned Alcoa’s recent decision to shutter the Wenatchee Works operation 


and how that would impact NWA’s and Millennium’s plans for using the Longview property.  


DNR requested that NWA provide audited financial statements from Millennium, all documents 


related to Millennium filed in Arch Coal’s bankruptcy case, a statement indicating whether Arch 


Coal would make any disclosures in its bankruptcy proceeding related to the sublease between 


NWA and Millennium, and a statement from Millennium regarding its plans for using the existing 
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dock on the property.  Millennium responded that the financial statements DNR sought were 


confidential.   


 After the bankruptcy court approved the sale of Arch Coal’s ownership interest in 


Millennium in June 2016, DNR sent another letter to Alcoa, expressing concerns about 


Millennium’s obligations to NWA.  DNR noted that as a result of Arch Coal’s sale, Lighthouse 


Resources had become the sole owner of Millennium.  DNR explained, “Given the difficult market 


conditions in the coal industry and the fact that [Lighthouse Resources] now has the sole financial 


responsibility for Millennium, DNR seeks assurance that Millennium has the financial capability 


to meet its significant ongoing financial obligations and comply with the requirements of [NWA’s] 


lease with DNR.”  CP at 1741.   


To assist its evaluation of Millennium’s financial condition, DNR requested: 


A balance sheet, income statement, and cash flow statement, prepared in 


accordance with GAAP Accounting Standards[] that accurately states the current 


assets, liabilities, and capital of [Millennium] and its income and cash flow for the 


year ending June 30, 2016. 


 


A copy of the January 1, 2011 Lease between [NWA] and [Millennium] for the 


uplands adjacent to [NWA] leasehold under its lease with DNR and the June 5, 


2104 amendment to the lease.  


 


A copy of Millennium’s business plan for the existing dock on [NWA’s] leasehold 


that identifies the income that Millennium expects to receive from operations on 


the existing dock and the sources of income.  


 


Any additional information which [NWA] can provide to shed light on the financial 


condition of Millennium.  


 


CP at 1742.  NWA did not respond to this request. 
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V.  INVOLVEMENT OF ENVIRONMENTAL GROUPS 


 A group of environmental non-profit organizations contacted state and county regulatory 


agencies including DNR in October 2010, expressing their concerns about the development of a 


large coal terminal on the aquatic lands.  The groups reiterated their concerns to DNR in November 


2010, and requested a meeting with the Commissioner of Public Lands.   


 On March 16, 2011, the environmental groups sent a letter to the Commissioner regarding 


Millennium’s business reputation based on Millennium’s strategy to conceal their long-term plans 


for the property in an attempt to evade SEPA review.  The groups attached several documents that 


they had obtained regarding Millennium.  The letter urged DNR to consider Millennium’s deceitful 


practices when evaluating Millennium’s business reputation under the terms of the lease.   


 On January 25, 2016, as DNR, NWA, and Millennium were finalizing the documents for 


DNR’s consent to sublease the aquatic lands, the environmental groups sent DNR a memo “to lay 


out some of the facts and legal considerations attendant to DNR’s pending decision.”  CP at 1532.  


The memo urged DNR to deny consent to sublease based on Millennium’s weak financial 


condition, the international coal market’s dismal economics, and Millennium and its parent 


company’s poor business reputation and lack of experience managing a coal terminal.   


VI.  DNR DENIES CONSENT TO SUBLEASE 


 On January 5, 2017, the Commissioner of Public Lands issued a letter denying DNR’s 


consent to sublease the aquatic lands to Millennium.  The letter explained, “DNR’s decision is 


based on Northwest Alloys’ failure to provide requested information regarding the financial 


condition and business of Millennium as well as other factors that bear on the suitability of 


Millennium as a subtenant.”  CP at 16855.  The denial letter highlighted DNR’s concern about 
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Millennium’s financial condition given the bankruptcy of Arch Coal, Wenatchee Works’ indefinite 


closure, coal’s historically poor market conditions, and Millennium’s commitments to NWA under 


the ground lease.   


 The denial letter noted, “As the steward of Washington’s state-owned aquatic lands, the 


financial capacity of a subtenant to perform is important to DNR.”  CP at 16856.  Referencing 


Chinook’s damage to the property during its subtenancy, the letter explained, “The recent history 


under the lease supports the need for careful examination of the capacity of subtenants at the site 


to comply with lease obligations.”  CP at 16856.   


 The denial letter also referenced Millennium’s “significant error” in failing to disclose in 


its original permit application its plans to significantly increase the amount of coal shipped from 


the facility.  CP at 16857.  “That Millennium does not have a lengthy track record on which to 


judge performance and in its short history has made a significant error with respect to its planned 


activities on the leased property supports the need for a thorough review of Millennium’s potential 


suitability as a subtenant, including its financial condition.”  CP at 16857. 


 The denial letter concluded: 


 [NWA] has failed to provide information reasonably requested by DNR as 


permitted under the lease for review of [NWA’s] request for consent to sublease.  


As detailed above, DNR’s requests for information are supported by the bankruptcy 


of Arch Coal; Millennium’s commitments to [NWA]; market conditions facing 


Millennium’s sole remaining owner, [Lighthouse Resources]; the history of 


subleasing under the lease; and the absence of a significant track record supporting 


Millennium.  Accordingly, [NWA’s] request for consent to sublease has been 


denied. 


 


CP at 16857.   
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VII.  SUPERIOR COURT PROCEEDINGS 


 NWA and Millennium appealed the Commissioner’s letter denying DNR’s consent to 


sublease to the superior court under RCW 79.02.030.  The superior court granted Columbia 


Riverkeeper, Washington Environmental Council, and Sierra Club’s motion to intervene.   


 After extensive briefing and argument, the superior court entered an order on the merits of 


whether DNR’s decision to deny consent to sublease was unreasonable.  The superior court 


concluded that in considering the request to sublease, DNR was performing an administrative 


proprietary function, not a quasi-judicial function.  Accordingly, the superior court concluded that 


the proper standard of review in the matter was whether DNR’s actions were arbitrary, capricious, 


or contrary to law.   


 Addressing the reasonableness of DNR’s decision, the superior court concluded that it must 


consider the unique statutory mandates that apply to DNR and evaluate DNR’s denial from the 


standpoint of a reasonable landlord in DNR’s position.  The superior court concluded that DNR’s 


reasons for denying consent to sublease were not supported by facts and that DNR’s denial was 


arbitrary and capricious.  As a remedy, the superior court ordered DNR to “undertake further 


consideration” of NWA’s request for consent to sublease to Millennium.  CP at 17815. 


 DNR and Intervenors appeal and NWA and Millennium cross-appeal the superior court’s 


orders.   


ANALYSIS 


I.  STANDARD OF REVIEW 


 The parties disagree as to our standard of review.  DNR and Intervenors contend that we 


sit in the same position as the trial court and conduct a de novo review of the agency record to 







No. 51677-2-II 


 


 


12 


determine whether DNR’s consent to sublease was unreasonable.  NWA and Millennium argue 


that we should review the superior court’s findings for substantial evidence and determine de novo 


whether the superior court’s conclusions flow from those findings.  We agree with DNR and 


Intervenors.   


 RCW 79.02.030 states: 


 Any applicant to purchase, or lease, any public lands of the state . . . and 


any person whose property rights or interests will be affected by such sale or lease, 


feeling aggrieved by any order or decision of the . . . commissioner, concerning the 


same, may appeal therefrom to the superior court of the county in which such lands 


or materials are situated . . . .  The hearing and trial of said appeal in the superior 


court shall be de novo before the court, without a jury, upon the pleadings and 


papers so certified . . . .  Any party feeling aggrieved by the judgment of the superior 


court may seek appellate review as in other civil cases. 


 


 “Where the record at trial consists entirely of written documents and the trial court therefore 


was not required to ‘assess the credibility or competency of witnesses, and to weigh the evidence, 


nor reconcile conflicting evidence,’ the appellate court reviews de novo.”  Dolan v. King County, 


172 Wn.2d 299, 310, 258 P.3d 20 (2011) (internal quotation marks omitted) (quoting Progressive 


Animal Welfare Soc’y v. Univ. of Wash., 125 Wn.2d 243, 252, 884 P.2d 592 (1994)).  “Appellate 


courts give deference to trial courts on a sliding scale based on how much assessment of credibility 


is required; the less the outcome depends on credibility, the less deference is given to the trial 


court.”  Dolan, 172 Wn.2d at 311.  But substantial evidence may be the more appropriate standard 


in cases where the superior court reviewed “an enormous amount of documentary evidence, 


weighed that evidence, resolved inevitable evidentiary conflicts and discrepancies, and issued 


statutorily mandated written findings.”  Dolan, 172 Wn.2d at 311.   
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 Here, although the superior court reviewed a large agency record, it did not weigh evidence 


or resolve evidentiary conflicts.  Nor was the superior court statutorily required to enter written 


findings of fact.  Under RCW 79.02.030, the superior court defers to the factual findings of the 


commissioner and limits its review to the application of law to the admitted facts.  Polson Logging 


Co. v. Martin, 195 Wash. 179, 184-85, 80 P.2d 767 (1938); see also State v. Forrest, 13 Wash. 


268, 270-71, 43 P. 51 (1895).3  Given that the superior court made no factual findings, leaving 


only its conclusions of law for our review, we hold that we review DNR’s decision to deny consent 


to sublease de novo.4   


  


                                                 
3 These cases rely on an early statute—Rem. Rev. Stat. §§ 7797-1 to 7797-201—which later 


became RCW 79.02.  This does not change our analysis. 


 
4 NWA and Millennium argue that we should interpret RCW 79.02.030’s use of the phrase “as in 


other civil cases” to mean that we review the superior court’s findings for substantial evidence.  


NWA and Millennium argue that RCW 79.02.030’s use of the phrase “as in other civil cases” 


should have the same meaning as in RCW 51.52.140, which has been interpreted as providing for 


substantial evidence review.  See Hendrickson v. Dep’t of Labor & Indus., 2 Wn. App. 2d 343, 


351, 409 P.3d 1162, review denied, 190 Wn.2d 1030 (2018).  However, NWA and Millennium 


overstress the similarity of that particular phrase while ignoring key differences in the statutory 


schemes.   


 


 In industrial insurance appeals, the superior court or a jury may substitute its own findings 


and decision for the Board of Industrial Insurance Appeals if, after weighing the evidence, it finds 


by a preponderance of the evidence that the Board’s findings and decision are incorrect.  Harrison 


Mem’l Hosp. v. Gagnon, 110 Wn. App. 475, 482, 40 P.3d 1221 (2002).  Accordingly, in industrial 


insurance appeals, we review the superior court’s decision for substantial evidence.  Rogers v. 


Dep’t of Labor & Indus., 151 Wn. App. 174, 180, 210 P.3d 355 (2009).  In contrast, in appeals 


arising pursuant to RCW 79.02.030, as here, the superior court is not entitled to weigh evidence 


and must defer to the commissioner’s factual findings.  We disagree that RCW 79.02.030 is 


analogous to RCW 51.52.140.   
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 II.  DNR’S DENIAL OF CONSENT 


A.  ADMINISTRATIVE DECISION 


 The parties also disagree as to the degree of deference owed to DNR’s decision denying 


consent to sublease.  DNR argues that its decision was administrative and should be reviewed 


under an arbitrary and capricious standard.  NWA and Millennium argue that DNR was not acting 


in an administrative capacity but instead made a quasi-judicial determination, and therefore, its 


decision should be reviewed de novo applying a “reasonably prudent person” test.  We agree with 


DNR.   


 Although RCW 79.02.030 uses the language “de novo” review, such a review of an 


administrative agency’s decision “is only permissible when the agency acts in a quasi-judicial 


manner.”  Yaw v. Walla Walla School Dist. No. 140, 106 Wn.2d 408, 413, 722 P.2d 803 (1986).  


In cases in which the agency acted in its administrative function, review is limited to whether the 


agency acted arbitrarily, capriciously, or contrary to law.  Yaw, 106 Wn.2d at 413.  “Allowing only 


limited appellate review over administrative decisions, rather than original or appellate jurisdiction 


as a matter of right, ‘serves an important policy purpose in protecting the integrity of administrative 


decision-making.’”  Residents Opposed to Kittitas Turbines v. State Energy Facility Site 


Evaluation Council, 165 Wn.2d 275, 295, 197 P.3d 1153 (2008) (quoting King County v. Wash. 


State Boundary Review Bd. for King County, 122 Wn.2d 648, 668, 860 P.2d 1024 (1993). 


 In Francisco v. Bd. of Directors, our Supreme Court identified four steps to determine if 


an agency’s action was administrative or quasi-judicial.  85 Wn.2d 575, 579, 537 P.2d 789 (1975).  


They are whether (1) the court could have been charged in the first instance with the responsibility 


of making the decision; (2) the function of the agency is one that courts have historically 
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performed; (3) the agency performs functions of inquiry, investigation, declaration and 


enforcement of liabilities as they stand on present or past facts under existing laws; and (4) the 


agency’s action is comparable to the ordinary business of courts.  Francisco, 85 Wn.2d at 579. 


 Here, DNR acted in its administrative capacity when it decided whether to grant or deny 


consent to sublease.  DNR holds state-owned aquatic lands in trust for the public by virtue of the 


Washington Constitution.  Pope Res. v. Dep’t of Natural Res., 190 Wn.2d 744, 754, 418 P.3d 90 


(2018).  The public trust doctrine is rooted in article XVII, section 1 of the Washington 


Constitution5 and protects “‘public ownership interests in certain uses of navigable waters and 


underlying lands, including navigation, commerce, fisheries, recreation, and environmental 


quality.’”  Weden v. San Juan County, 135 Wn.2d 678, 698, 958 P.2d 273 (1998 (quoting Ralph 


W. Johnson et al., The Public Trust Doctrine and Coastal Zone Management in Washington State, 


67 Wash. L. Rev. 521, 524 (1992).   


 Through the aquatic lands statutes, the State granted sovereign powers to DNR for 


protection of the State’s interest in the trust.  Pope, 190 Wn.2d at 755.  As such, DNR is vested 


with the discretionary, administrative responsibility to reject a bid to lease state lands as the 


interests of the State or affected trust require.  See RCW 79.105.020; RCW 79.02.280.   


                                                 
5 Article XVII, section 1 states “The state of Washington asserts its ownership to the beds and 


shores of all navigable waters in the state up to and including the line of ordinary high tide, in 


waters where the tide ebbs and flows, and up to and including the line of ordinary high water within 


the banks of all navigable rivers and lakes.” 
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 NWA and Millennium argue that “[w]hen acting pursuant to a contract, an agency is 


exercising an essentially judicial function.”6  Response to Appellants’ Opening Br. (Response Br.) 


at 43.  NWA and Millennium contend this is so because “[c]ontracts fix the parties’ obligations to 


one another and eliminate the discretion inherent when an agency is exercising its regulatory 


authority.”  Response Br. at 44.  It is undisputed that DNR is beholden to the terms of its lease 


with NWA and that, pursuant to the lease, DNR could not unreasonably withhold its consent.  


However, DNR cannot contract itself out of its statutorily mandated duty to exercise discretion in 


furtherance of the public trust.   


 Nothing in the lease purports to extinguish DNR’s statutory authority to exercise its 


discretion to approve a sublease, so long as it does not unreasonably withhold consent.  Indeed, 


RCW 79.105.210(4) states, “The power to lease state-owned aquatic lands is vested in the 


department, which has the authority to make leases upon terms, conditions, and length of time in 


conformance with the state Constitution and chapters 79.105 through 79.140 RCW.”  (Emphasis 


added).  


 It follows that the courts could not constitutionally make a sublease determination in the 


first instance.  Nor have courts historically managed aquatic lands held in public trust because that 


is a function DNR performs.  Here, DNR carefully reviewed NWA’s request for consent to 


sublease and Millennium’s suitability as a potential sublessee for the sensitive property.  


Determining whether Millennium had the financial soundness, environmental awareness, and 


                                                 
6 NWA cites Yaw, 106 Wn.2d 408 in support of its argument.  However, NWA overstates the 


holding in Yaw.  The Yaw opinion did not hold that all agency decisions involving a contract are 


necessarily judicial actions.  Yaw specifically dealt with a school board’s hiring decision in light 


of a collective bargaining agreement.   
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business reputation to meet the obligations of the lease of state-owned aquatic lands held in public 


trust was a uniquely administrative decision left to DNR by virtue of the Washington State 


Constitution and the aquatic lands statutes.  See Malmo v. Case, 28 Wn.2d 828, 836, 184 P.2d 40 


(1947) (holding that the Commissioner of Public Land’s decision refusing to grant extensions for 


contracts involving timber cutting was not arbitrary or capricious); see also State ex rel. Thompson 


v. Babcock, 147 Mont. 46, 51, 409 P.2d 808 (1966) (noting, under similar Montana law, that 


“[t]here is no doubt that the State Board of Land Commissioners has considerable discretionary 


power when dealing with the disposition of an interest in land they hold in trust for the people of 


this state”). 


 Accordingly, we hold that DNR’s decision to deny consent to sublease was an 


administrative decision.  We apply a de novo review of the agency record to determine if DNR’s 


decision to deny consent to sublease was arbitrary and capricious.    


B.  DENIAL NOT ARBITRARY AND CAPRICIOUS 


 Applying a de novo review of the agency record, we hold that DNR’s decision to deny 


consent to sublease was not arbitrary and capricious.   


 Agency action is arbitrary and capricious if it is willful, unreasoned, and taken without 


regard to the attending facts or circumstances.  Where there is room for two opinions, agency 


action taken after due consideration is not arbitrary and capricious even if a reviewing court may 


believe it to be erroneous.  Hillis v. Dep’t of Ecology, 131 Wn.2d 373, 383, 932 P.2d 139 (1997).  


Deference will be given to the specialized knowledge and expertise of the administrative agency.  


Schuh v. Dep’t of Ecology, 100 Wn.2d 180, 187, 667 P.2d 64 (1983).  The party who challenges 
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an agency action under this standard carries a heavy burden.  Pierce County Sheriff v. Civil Serv. 


Comm’n, 98 Wn.2d 690, 695, 658 P.2d 648 (1983). 


 Section 9 of the lease conditions NWA’s subletting of the aquatic lands on DNR’s written 


approval.  That approval cannot be unreasonably withheld.  The lease expressly authorizes DNR 


to consider, among other things, “the proposed transferee’s financial condition, business reputation 


and experience, the nature of the proposed transferee’s business, the then-current value of the 


[p]roperty, and such other factors as may reasonably bear upon the suitability of the transferee as 


a tenant of the [p]roperty.”  CP at 16890.  Because DNR reasonably considered the factors 


identified in the lease in light of attending facts and circumstances, its decision was not arbitrary 


and capricious.   


 DNR’s careful consideration of Millennium’s financial condition and business reputation 


was especially reasonable given the circumstances surrounding the potential sublease.  At the time 


DNR made its decision, coal market conditions were not promising, with U.S. coal production 


dropping.  DNR had concerns because of the recent shuttering of Wenatchee Works, the primary 


importer of the alumina unloaded at the dock leased by NWA.  Finally, additional financial 


concerns existed after Millennium’s corporate parent, Ambre Energy, sold its interest in 


Millennium, and Millennium’s other corporate parent, Arch Coal, filed bankruptcy.   


 DNR was also acutely aware of the damage a negligent subtenant could inflict on the 


sensitive aquatic lands, given its recent negative experience with NWA’s prior subtenant, Chinook.  


Millennium had intentionally misrepresented the scope of its plans for the property in 2011.  


Millennium sought to build, operate, and maintain the largest coal export terminal on the west 


coast.  Such a project posed significant financial demands and high environmental risks if 
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Millennium followed in the previous subtenant’s footsteps with lax oversight from NWA.  


Accordingly, DNR had significant, well founded reasons for carefully considering the financial 


condition and business reputation of Millennium before consenting to sublease.7 


 NWA and Millennium do not dispute that a landlord has an interest in a subtenant’s 


financial condition.  However, NWA and Millennium make several arguments in support of their 


position that DNR’s denial of consent was unreasonable.  First, they argue that because NWA 


would remain liable under the lease for any default by Millennium, DNR was necessarily 


unreasonable in denying consent.  We reject this argument.  


 Section 9.1 of the lease expressly authorizes DNR to consider a potential subtenant’s 


financial consideration in determining whether to grant consent.  Accepting NWA’s argument 


would mean rendering section 9.1 meaningless.  And we must construe contract language in a 


manner that gives effect to the words used and does not render the chosen language meaningless.  


MacLean Townhomes, LLC v. Am. 1st Roofing & Builders, Inc., 133 Wn. App. 828, 831, 138 P.3d 


155 (2006).  Under NWA’s argument, DNR’s right to grant or deny consent to sublease would be 


reduced to mere ritual because under section 9.1(c) of the lease NWA would always remain liable 


under the lease in the event of a default by a subtenant.   


                                                 
7 Even if we applied the “reasonably prudent person” test, we would conclude that DNR’s decision 


to deny consent to sublease was not unreasonable.  In Washington, a lease term that prohibits a 


landlord from “unreasonably” withholding consent requires a reviewing court to determine 


“whether a reasonably prudent person in the landlord’s position would have refused consent.”  


Ernst Home Ctr., Inc. v. Sato, 80 Wn. App. 473, 486, 910 P.2d 486 (1996); see also 224 Westlake, 


LLC v. Engstrom Props., LLC, 169 Wn. App. 700, 721, 281 P.3d 693 (2012).  Our analysis above 


also would apply under this test.  It was not unreasonable for DNR to withhold consent when NWA 


refused to provide requested financial information, especially in light of DNR’s legal 


responsibilities as manager of state-owned aquatic lands held in public trust.     
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 The fact that the tenant remains liable under the lease is less significant where, as here, a 


subtenant’s actions have the potential to significantly impact sensitive public lands.  As seen in the 


situation with Chinook, the fact that NWA would remain liable for Millennium’s default under the 


lease does not remove the risk of long-term damage to a sensitive public resource, which DNR has 


been charged with managing in the public trust.  NWA’s liability under the lease would not prevent 


such damage.   


 Second, NWA and Millennium argue that DNR’s denial of consent was unreasonable 


because the financial documents DNR requested were irrelevant.  NWA and Millennium explain 


that Millennium’s financial statements would “only have shown what DNR already knew,” namely 


that Millennium had no positive revenues to cover its operating expenses and that it relied on 


regular infusions of cash from its parent company.  Response Br. at 28, 31.  NWA and Millennium 


further argue that the ground lease between NWA and Millennium had no relevancy to DNR 


because DNR was not a party to that lease and Millennium’s obligations to NWA were otherwise 


secured by a $10 million letter of credit.   


 But as noted above, the lease expressly stated that in considering whether to grant consent 


to sublease, DNR could consider “the proposed transferee’s financial condition” as well as “such 


other factors as may reasonably bear upon the suitability of the transferee as a tenant of the 


[p]roperty.”  CP at 16890.  Therefore, the lease language supported DNR’s requests for 


information. 


In addition, the fact that Millennium’s financial statements would have confirmed DNR’s 


suspicions that Millennium’s financial condition remained precarious does not render the financial 


statements irrelevant.  Millennium’s financial statements would have shown Millennium’s assets, 
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liabilities, income, and cash flow, all of which were relevant, critical considerations in assessing 


Millennium’s financial condition.  Even if Millennium relied entirely on its parent company for 


operating income, the financial statements would have shown DNR how much the parent company 


was regularly investing and how Millennium used those investments.  This information was 


especially relevant given the disclosures in Arch Coal’s bankruptcy proceedings that its entire 


ownership share in Millennium, which it valued at nearly $38 million at the time of bankruptcy, 


would be eliminated within a matter of weeks.   


 Third, NWA and Millennium argue that, given what DNR already knew about Millennium, 


DNR should have requested information on Millennium’s parent company’s financial condition.  


But because Millennium’s parent company would have no legal obligation to DNR, its financial 


condition was of little value in alleviating DNR’s concerns about Millennium’s ability to manage 


its obligations, particularly in light of the recent restructuring of its corporate ownership following 


Arch Coal’s bankruptcy and Ambre Energy’s sale of its ownership stake.  And DNR’s requests for 


information from Millennium were not so narrow as to preclude Millennium from providing 


financial information it believed would be helpful to DNR in understanding Millennium’s financial 


condition.  Millennium knew what DNR’s concerns were; Millennium could have provided its 


parent company’s information if it believed it would be helpful in answering DNR’s inquiry.  


Instead, NWA refused to respond at all. 


 Fourth, NWA and Millennium suggest that DNR acted arbitrarily and capriciously by 


considering Millennium’s earlier failure to disclose its long-term plans for the coal terminal in 


determining whether to consent to sublease.  They argue that DNR’s willingness to negotiate a 


nearly-finalized sublease agreement with Millennium in 2015 undercuts DNR’s contention that 
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Millennium’s failure to fully disclose its plans for the property was a contributing factor to its 


ultimate decision to deny consent.  But the lease expressly authorized DNR to consider 


Millennium’s business reputation in considering whether to grant consent to sublease.   


 Further, DNR’s decision to not reject all consideration of a sublease agreement with 


Millennium after Millennium’s deception came to light in 2011 did not prohibit DNR from 


weighing that deception as it evaluated Millennium’s business reputation.  Millennium’s history 


remained part of the context in which DNR ultimately determined whether Millennium would be 


a suitable subtenant for the aquatic lands.  Thus, considering Millennium’s business reputation, as 


expressly permitted by the lease, was not arbitrary and capricious.   


 In conclusion, DNR’s consideration of Millennium’s financial condition and business 


reputation was expressly authorized under the lease.  And the additional information DNR sought 


from Millennium, which Millennium failed to provide, was relevant to DNR’s inquiry.  


Accordingly, we conclude that DNR’s denial of consent to sublease was not arbitrary and 


capricious. 
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CONCLUSION 


 We reverse the superior court’s order concluding that DNR acted arbitrarily and 


capriciously by denying NWA consent to sublease state-owned aquatic lands to Millennium, and 


we vacate the superior court’s remedy order, and order the superior court to issue a new order 


affirming DNR’s denial. 


  


 SUTTON, J.  


We concur:  


  


MAXA, C.J.  


MELNICK, J.   
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Executive Summary 


 Executive Summary 
This report provides a partial economic assessment of some of the significant and 
unavoidable adverse impacts identified in the FEIS for the Millennium Bulk Terminal 
project (Proposed Action).  
 
The Proposed Action entails the construction and operation of a coal export terminal 
just outside Longview, Washington, in and along the Lower Columbia River.  
 
The Millennium Bulk Terminals – Longview Final Environmental Impact Statement (FEIS) 
found significant and unavoidable adverse impacts would result from implementation of 
the Proposed Action. The FEIS was issued jointly by Cowlitz County and the Washington 
Department of Ecology (Cowlitz County and Ecology, 2017).  These adverse impacts have 
economic costs, some of which can be estimated as dollar damages. These estimates of 
damages also provide a measure of some of the benefits, in the form of avoided costs to 
Washington State residents, as a result of the permit denial by the Department of 
Ecology for this specific Proposed Action.  
 
Construction and operational features of the Proposed Action include terminal and coal 
export site construction, increased coal rail transport through 15 counties in 
Washington State, and increased coal bulk carrier vessels in the lower Columbia River. 
  
Significant and unavoidable adverse impacts cited in the FEIS (Cowlitz County and 
Ecology, 2017) and Order No. 15417 (2017) include air quality, noise and vibrations, 
social and community resources in terms of impacts to minority and low-income 
populations, rail congestion, rail safety, vessel transportation, vehicle delays, and 
cultural and tribal resources. Some additional Proposed Action impacts include clearing 
of trees, filling wetlands, harming water quality, and emitting greenhouse gasses.  
 
The environmental impacts and determinations are described in the FEIS. The FEIS and 
supporting documents, federal government documents, peer-reviewed journal articles, 
and other sources provided a basis for the methodologies, data, and analysis provided in 
this report.  
 
The geographic scope of this study resides within the boundaries of the State of 
Washington and out to three nautical miles seaward of the mouth of the Columbia River 
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except for an additional calculation of the social cost of carbon provided as a 
supplemental result reflecting impacts from coal combustion. Shipping in the Columbia 
River is considered within this study’s boundary. 
 
Analysis summaries and Opinions are provided below:  


1. Health Costs from Air Quality Impacts 
The Proposed Action will result in unavoidable air pollution emissions at the project 
site and along train routes. These emissions include hazardous fine particulate 
matter. Current epidemiological studies concerning the health impacts of fine 
particulate matter conclude that it is associated with increased mortality rates. Part 
of the impact to human health has been quantified in this analysis. From emissions 
data projected for the Proposed Action, health outcomes have been estimated, and 
a partial calculation of costs has been provided. These reflect the economic costs of 
increased mortality risks.   
  
The Proposed Action will emit both PM10 and PM2.5 particulates. Both are known 
to damage human health. Only damages related to PM2.5 within the immediate 
vicinity of the source were modeled for health impacts in this analysis. These 
particulates are highly mobile and damage health at greater distances than 1.5 miles 
from the terminal and 150 feet from the rail lines modeled. For example, a 2-mile 
buffer from the rail line increases the PM2.5 exposed population to 1.2 million 
people, which is 65 times higher than the current buffer. Though there are many 
diseases and health costs related to PM2.5, only low and high damages for increased 
mortality were calculated.   
 
Opinion 1: Health Costs and Air Quality 
It is my opinion, understanding data and modeling constraints, that the health costs 
of particulate emissions from the Proposed Action could be greater than the 
estimates of $589 million calculated with a 2.75% discount rate and $1.18 billion 
calculated with a discount rate of zero over 50 years.  
  
Opinion 2: Health Costs and Air Quality Higher Boundary 
The epidemiological evidence of the damaging effects of PM2.5 and PM10 continues 
to grow as the science expands. Studies from top medical journals state that there is 
no lower boundary of exposure to these small particulates, any exposure presents 
some health risks. The totality of potential hazards to human health is not yet fully 
understood. These particles can travel distances farther than those used in this 
analysis, and thus exposed population is likely far larger than estimated here. For 
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these reasons, an upper boundary for the Proposed Action damages with regard to 
air quality and human health damages could not be estimated. 


2. Ecosystem Service Loss from Land Cover Change  
The benefits of natural systems, such as wetland, forests, rivers, riparian areas are 
well known, and their economic values well understood. Many of these values are 
nonmarket and public values, such as wetlands absorbing water and reducing 
downstream flooding.  
  
The valuation methodology applied here is widely accepted, well referenced in the 
academic journal literature, adopted by federal, state and local agencies and utilized 
by private firms.   
  
GIS information was utilized identifying the natural lands to be cleared and river 
area affected by the Proposed Action. Ecosystem services, such as habitat, water 
storage and water quality were identified for these lands. Finally, published dollar 
values per acre were used to establish the lost value as wetlands, forest lands, or 
river areas were cleared or otherwise impacted.  
  
Additional values identified as present and valuable on the site impacted by the 
Proposed Action did not have sufficient data to support a monetary value estimate. 
For example, forested areas provide aesthetic value, scrub/shrub areas provide 
habitat, and river areas provide water conveyance, yet these and many other values 
present were not monetized.  
  
Opinion 1: The Value of Lost Ecosystem Services 
Utilizing well-accepted economic methods, and published ecosystem service values, 
it is my opinion that an underestimate of the true value of ecosystem services lost 
due to Proposed Action land clearing and riverine impacts is $1.5 million in annual 
damages and $76.9 million over a 50-year period at a zero discount rate, and $42.2 
million at a 2.75% discount rate over 50 years.  
  
Opinion 2: The Value of Lost Ecosystem Services 
More than 20 ecosystem services present and impacted by the Proposed Action 
could not be valued. For these reasons, an upper boundary for the Proposed Action 
damages due to lost ecosystem services could not be estimated.  
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3. Greenhouse Gas Emissions and Climate Change Impacts 
The science of global warming is well known and well published in thousands of 
academic journal articles. Anthropogenic greenhouse gas emissions are increasing 
the concentrations of these gasses in the earth’s atmosphere. This is warming the 
earth’s atmosphere, oceans, glaciers, and lands. The marginal increase in global 
temperatures caused by anthropogenic greenhouse gas sources is driving increased 
economic costs. Dollar damages from drought, wildfires, floods, hurricanes, hail, sea 
level rise, ocean acidification, and other climate-driven disasters are increasing in 
frequency and severity. These rising climate-related costs are due to 
anthropocentric greenhouse gas emissions, including burning coal. 
 
As the frequency and severity of climate-related disasters increase, so do the 
economic damages to communities across the world and in Washington State. Last 
year, was a record-setting year in the United States for climate-related disaster 
damages, totaling in the hundreds of billions.   
 
The emissions released by the Proposed Action during construction, operations, and 
as a result of the combustion of exported coal were estimated with reasonable 
engineering certainty in the FEIS GHG Technical Report (Cowlitz County and Ecology, 
2017, Vol. IIIc) and other supporting documents and to a technical quality that can 
be applied to estimate the economic costs of these emissions.  
 
The report calculates two damage estimates for project-related emissions. One with 
a lower value for the social cost of carbon emissions, based on the value adopted by 
the State of Washington $72/MtCO2e (2017 dollars), and one with a higher value 
based on a Stanford University value at $229/MtCO2e (2017 dollars).   
 
Opinion 1: Green House Gas Emissions Damages Due to Proposed Action Net GHG 
Emissions within Washington State: Most Conservative Estimated Damages 
It is my opinion that there is reasonable certainty that greenhouse gas-induced 
economic damages will be caused by the Proposed Action with the ramp-up and full 
build out. Following the more conservative 2015 Energy Policy scenario, which 
assumes national and international policies that slow GHG emissions and applying 
the more conservative Washington State Department of Commerce social cost of 
carbon value, I estimate the most conservative increased damages from GHG 
emissions within Washington State as a result of the Proposed Action at full build 
out would be over $951 million at a 2.75% discount rate calculated over 50 years. 
Considering damages to people in the future as equal to present damages (zero 
discount rate) the damages would be $2.2 billion over 50 years.  
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Opinion 2: Green House Gas Emissions Damages Due to Proposed Action Net GHG 
Emissions within Washington State: More Comprehensive Estimated Damages 
Informed by climate-related damage trends, the recent October 2018 United 
Nation’s climate impacts study, a suite of studies from the University of Washington 
on accelerating climate impacts within the state, and the more recent and 
comprehensive approach of the Stanford University team to better estimate the 
social cost of carbon, but retaining the 2015 Energy Policy Scenario projections for 
GHG emissions reported in the FEIS, and including only Proposed Action emissions 
within Washington State, it is my opinion that the cost of Proposed Action-related 
carbon emissions may be much higher than the conservatively estimated opinion 
above. 
 
Considering a more comprehensive estimate of the social cost of carbon emissions 
at full project build out with the Stanford values it is my opinion that the Proposed 
Action damages from Washington State emissions are on the order of $3.3 billion 
with a 2.75% discount rate, and $7.7 billion with a zero-discount rate, estimated 
over 50 years. If effective mitigation actions were taken, lowering net carbon 
emissions, these values would be lowered accordingly.  


4. Noise and Vibration Costs 
Increased coal train traffic will increase noise along rail lines in Washington State. 
According to the National Institute of Health and significant published medical 
research, noise damages human health. Health impacts include decreased 
productivity, sleep and hearing loss, hypertension, annoyance, stroke, and 
dementia. The FEIS Report identifies noise as “an unavoidable and significant 
adverse…impact” (Cowlitz County and Ecology, 2017, Vol. I, Sec. 5.5). Noise that is 
harmful to people is categorized by the Federal Railroad Administration as moderate 
impact or severe impact.  
 
This analysis only looks at the increase in average decibel level across a 24-hour 
period as a result of the Proposed Action. This might underestimate health damages, 
because train noise occurs as an acute disturbance during a short period of time 
rather than as an increase in overall background noise distributed across a 24-hour 
period.  
 
Noise impacts in Cowlitz County were based on field data. Field data and the 
Cadna/A® model were used to model noise levels for increased train traffic. Studies 
in the published academic literature provide values for the marginal cost per 
increase in decibel per household. In this analysis, only five categories of health 
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impact were included: heart attack, strokes, dementia, annoyance, and sleep 
disturbance.  
 
This calculation was estimated for Cowlitz County and extrapolated state-wide along 
all crossings impacted by the Proposed Action.   
 
Opinion: Noise and Vibration Impacts 
It is my opinion that the Proposed Action will result in estimated health damages to 
Washington State residents of $161 million at a zero discount rate and $83 million at 
a 2.75% discount rate over a period of 50 years and that the methods, data, and 
assumptions used to calculate this figure provide a reasonable estimate of the 
economic impacts of noise and vibration from the Proposed Action. 


5. Property Values 
Increasing rail traffic has been shown to lower property values near railroad tracks. 
The Proposed Action will increase rail traffic in Cowlitz County and along a rail 
corridor through Washington State.  This Proposed Action-related rail traffic increase 
will negatively impact property values near these rail lines.  
 
Hedonic valuation is the primary method of valuation for measuring impacts to 
housing values. Impacts from rail traffic on property values were estimated through 
hedonic valuation. Hedonic valuation measures the change in property value relative 
to amenities (which add value) and disamenities (which reduce value) within a 
distance to the property. Rail freight traffic is a well-known property disamenity. 
Increased rail traffic reduces aesthetic value and increases noise and vibrations. 
These impacts influence real estate markets, and fundamentally, a person’s 
willingness to pay for a home located near a rail line. As the number of trains 
increases, the negative impact on home prices also increases. 
 
This analysis is based on findings from the Futch 2011 Study and the Johnson 2016 
review of existing literature which demonstrates a 0.375% decrease in property 
value for each additional train per day. Property data was estimated through 
publicly available parcel data and the Cowlitz County Tax Assessor’s Office. The data 
provided through publicly available parcel data examines parcels by land use. These 
values likely underestimate the total number of properties negatively impacted, as 
there may be multiple properties on a single parcel, and trains can be a disamenity 
at greater distances from the tracks. Further refinement would likely increase the 
number of impacted properties and additional loss in housing values from the 
Proposed Action. 
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Property values in Washington State rose dramatically over the last 50 years. Thus, 
actions that would marginally reduce property values over such a long period of 
time have a significant impact on housing value over time.  
 
Opinion 1: Housing Value Loss with Increased Train Traffic 
It is my opinion that the proposed Millennium Bulk Terminal project, at full build 
out, would result in a loss of housing values along the rail line. It is also my opinion 
that at 50 years Washington State residents with property impacted by increased 
Proposed Action train traffic would lose more than $1.2 billion at a 2.75% discount 
rate, or $2.8 billion at a zero-discount rate.   
 
Opinion 2: Housing Value Loss with Increased Train Traffic 
It is also my opinion that the loss of housing values could be much larger, on the 
order of tens of billions of dollars, over a 20-year to 50-year period. 


6. Vehicle Delay Costs 
Increased train volumes cause increased traffic delays where trains cross roadways.  
Waiting at railroad crossings causes substantial economic costs to drivers through 
lost time, wasted fuel, and carbon emissions. This does not include additional costs 
to drivers, such as increased payments for daycare, missed appointments, and job 
loss due to late arrivals. It also does not include additional costs to businesses and 
governments for late arrival of workers, truck freight delivery delays, and other 
costs.  
 
The marginal impact of increased train volumes as a subset of the total number of 
at-grade rail crossings was modeled on an annual basis to derive total annual vehicle 
delays. This analysis included data on train speed, length, and gate downtime as well 
as average daily traffic at each analyzed crossing. Private crossings were not 
included due to a lack of data. The delay time was multiplied by an established per-
minute vehicle delay cost due to lost time, fuel, and carbon emissions. This assumes 
no accident events that cause longer delays.  
 
Opinion: Vehicle Delay Damages due to the Proposed Action 
Considering the Proposed Action increases in train traffic and vehicle congestion on 
over 200 crossings in Washington State, it is my opinion this will result in costs of 
$550 million at a 2.75% discount rate or $1.19 billion at a zero discount rate across 
50 years. This cost estimate reflects current crossing infrastructure. Delay time per 
vehicle may decrease with future investment in railroad crossing infrastructure. 
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Though current planning would upgrade a few crossings, this estimate remains a 
significant underestimate of the true damages, as it only includes time, fuel, and 
carbon emission costs and excludes private crossings. 


7. Vessel Accident Costs 
The lower Columbia River experiences increasingly heavy shipping traffic. The 
Proposed Action will substantially increase vessel traffic, further “crowding” the 
river and increasing collision risks for all vessels within the study area. The 
Navigation Risk Study by DNV GL provided an accepted standard of data and 
modeling for estimating shipping accident risk which was combined with average 
vessel replacement costs for each vessel class. In addition, catastrophically costly 
accidents with bulk carrier vessels have occurred and are on the rise globally. A 
probabilistic catastrophic cost scenario was developed based on the interactions 
between the individual collision probabilities between each vessel class and based 
on the Navigation Risk Study. This provided annual and cumulative risk exposure in 
dollar estimates across twenty years. 
 
The estimated additional cumulative damage for total-loss damage only, with 
increased vessel traffic on the Columbia River due to the Proposed Action, is 
$606,197 at a discount rate of zero, and $434,284 at a 2.75% discount rate at 20 
years. Incidents leading to partial damages are more likely, and those were 
calculated with partial-loss damages assumed at 50% of vessel replacement costs. 
These calculations cause impacts to increase to $63,147,621 at a discount rate of 
zero, and $32,398,812 at a 2.75% discount rate.  
 
Combined, the total-loss calculations and partial-loss estimates result in cumulative 
economic impacts of $63,753,818 at a discount rate of 0, and $45,421,495 at a 
2.75% discount rate at 20 years. To estimate Proposed Action-induced costs after 50 
years, the year-20 impacts were assumed to remain static for subsequent years and 
added to the cumulative totals. This resulted in an economic R-I of $204.3 million at 
a discount rate of 0, or $100.5 million at a 2.75% discount rate after 50 years. It is 
worth noting that these figures do not include environmental damages or casualties 
to passengers or crew. 
 
There is also a risk of a catastrophic collision, as described by Allianz Global 
Corporate and Specialty, the international insurance and asset management 
company based in Munich, Germany. They identified potential losses up to $3.8 
billion, should two ships collide and run aground in an environmentally sensitive 
area. Applying this basic framework to collision rates attributable to the Proposed 
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Action along the Lower Columbia River produces compound probabilities resulting in 
an estimate of $1.8 billion across 20 years at a discount rate of 0, and $1.3 billion at 
a 2.75% discount rate. As with the initial R-I estimates, the compound incident rates 
were assumed static for years 21-50 for the 50-year catastrophic incident projection, 
which resulted in a cumulative R-I of $6.4 billion at a discount rate of 0, and $3.1 
billion when discounted at 2.75%. 
 
Opinion 1: Cost of Vessel Accidents 
It is my opinion that the cost of total-loss and partial-losses due to Proposed Action 
increased shipping accidents at $100 million at a 2.75% discount rate or $204 million 
at a zero discount rate. These are underestimates of the most likely damages under 
the Proposed Action because conservative estimates were used to calculate partial-
loss damages and damages to the environment and human health and safety were 
not included. 
 
Opinion 2: Cost of Vessel Accidents 
It is my opinion that the risk of a catastrophic collision presents a cost across 50 
years of $3.1 billion discounted at 2.75% or $6.4 billion at a zero discount rate. 


8. Rail Accident and Fatality Costs 
Increased train volumes provide more opportunities for accidents to occur along a 
rail line. Rail accidents involving infrastructure – such as derailments, collisions, or 
fires – cause substantial economic costs to rail operators for removals and repairs. 
Increased trains also lead to more injuries and deaths as trains strike people on 
railroad tracks or have collisions with vehicles at road crossings. It is difficult to 
estimate damages from rail strike accidents involving injuries because of the 
diversity of injuries. However, the Federal Transportation Administration utilizes a 
set value for calculating the cost of fatalities. 
 
The marginal impact of increased train volumes across the proposed transport route 
was calculated on an annual basis to derive total increases in expected rail accidents 
and fatalities. Both impacts were based on current Federal Railroad Administration 
statistics of reported accidents and fatalities as well as current track infrastructure.  
  
The estimates of rail accident impacts are an underestimate of the true damages, as 
rail operators incur costs beyond the physical replacement costs of damaged 
infrastructure. For example, emergency response costs, legal costs, delay to other 
freight on the impacted rail line, environmental damages, and clean-up costs have 
not been included in this estimate.   
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The estimates of rail fatality impacts are also an underestimate of the true damages, 
and do not account for the distribution of fatalities across the state – where some 
communities will be chronically impacted by fatalities at a higher rate than in other 
areas. In addition, this analysis does not include the cost of rail strikes in which 
people are injured but not killed, or the costs to families, businesses, and 
communities when people are killed or injured.  
 
Opinion 1: Rail Accident Costs 
It is my opinion that the economic damage caused by rail accidents with the 
increased rail traffic due to the Proposed Action is estimated to exceed $293 million 
over the 50-year life of the project. 
 
Opinion 2: Rail Fatalities and Costs 
It is my opinion that the increased train traffic associated with the Proposed Action 
will result in more than 147 deaths over 50 years and cause greater than $1.5 billion 
in damages, or more than $31 million per year at full operation, as a result of these 
fatalities. 


9. Economic Costs to Low-Income Populations 
There is a growing body of literature connecting race, socioeconomic conditions, 
pollution, and impacts on health. Economists have highlighted the importance of 
quantifying the additional economic burden incurred by low-income populations as 
a way to address these types of findings.  
 
The findings presented in this chapter quantify the additional extent to which low-
income communities in the 16 counties of Washington would be affected by the 
Proposed Action, beyond the impacts experienced by the population at large. 
Section 3.2 of the FEIS specifically points to the impacts resulting from increased 
noise and vibration, from vehicle delays, and from reduced air quality as 
disproportionally affecting low-income communities. These additional 
environmental justice and equity concerns are quantified and monetized.  
 
Opinion 1: Economic costs to low-income populations 
In my opinion a conservative estimate of the additional low-income economic 
burden for train noise and vibration, vehicle delays, and health costs from air quality 
impacts that would be imposed by the Proposed Action on low-income communities 
will be at 50 years, $827 million at a 2.75% discount rate or $1.7 billion at a zero 
discount rate.  
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Opinion 2: Economic costs to low-income and minority populations 
In my opinion, the values provided above underestimate the true economic impact 
to low-income and minority populations because only three impacts were calculated 
and no multiplier used for the other six impacts that were examined in this analysis. 
Data limitations, such as income housing ownership precluded some additional 
analysis. In addition, an added burden imposed on minority populations exists but 
was not estimated. For these reasons it is also my opinion that the economic burden 
on low-income and minority populations from the Proposed Action is larger than the 
estimated values, and I cannot estimate an upper boundary for these economic 
impacts.  


10. Tribal Resources 
The FEIS states, "For the purpose of this FEIS, the term tribal resources refer to tribal 
fishing and gathering practices and treaty rights, specifically, the collective rights and 
access to traditional areas associated with a tribe’s sovereignty or formal treaty 
rights. These resources may include plants or fish used for commercial, subsistence, 
and ceremonial purposes,” (Cowlitz County and Ecology, 2017, Vol. I, Sec. 3.5).  
 
The Confederated Tribes and Bands of the Yakama Nation, Confederated Tribes of 
the Umatilla Indian Reservation, Confederated Tribes of the Warm Springs, Cowlitz 
Indian Tribe and the Nez Perce Tribes have tribal resources that could be impacted 
by the Prosed Project. Proposed Action construction and operations impacts 
including stranding by vessel wakes have been known to kill salmon and other tribal 
resource fish. 
 
The Proposed Action is located along the nearshore, within the floodplain, and in the 
channel of the lower Columbia River near Longview, Washington. The Columbia 
River Basin has had over $7 billion invested in salmon and wildlife restoration. In 
addition, there are over 150 restoration projects in the study area downstream of 
Bonneville Dam.  
 
Tribes in the Columbia River provided comments in the Draft EIS process and were 
universally opposed to the project stating their opinions that the project would 
damage tribal resources. Tribal resources are difficult or impossible to monetize and 
they were not monetized in this analysis.  
 
In addition, many tribal members fish in the Columbia River and access their fishing 
sites by crossing railroad tracks on the Washington State of the River. Tribal 
members will be delayed in reaching their fishing sites and in exiting from their 
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fishing sites. Tribal members have been struck and killed by trains along the same 
route that the Proposed Action will increase train traffic along the Columbia River 
where study area tribes access their fishing sites. These private, informal and tribal 
fishing crossings were not modeled in the train strike analysis from this report. 
However, there will be an increased risk to tribal members who must cross train 
tracks to fish in the Columbia River from the Washington side, though this risk was 
not modeled.   
 
Opinion 1: Tribal Resources  
Although the impacts to tribal resources could not be specifically quantified, due to 
lack of data and the nature of tribal resources, it is my opinion that the Proposed 
Action presents unavoidable significant adverse impacts to tribal resources through 
wake stranding and other project construction and operational impacts and in 
reducing fish populations, threatens a resource with vast value, including the 
effectiveness of billions of dollars in fish and wildlife restoration investments in the 
Columbia River Basin.     
  
Opinion 2: Tribal Resources  
It is my opinion, that under the Proposed Action the significant increases train traffic 
will delay tribal members’ access to 19 Congressionally established fishing sites on 
the Washington side of the Columbia River, and in addition to delays there will be an 
increased number of train strikes, injuries and deaths of tribal members crossing 
train tracks to access or return from fishing sites and tribal resources.   


11. Conclusion 
The Proposed Action will have a wide array of significant and unavoidable adverse 
impacts, including significant economic damages and costs. This analysis is primarily 
focused on ten impacts. Table 1 and Table 2 summarize the total damages across 
impact types, excluding tribal resources impacts, which were not quantified. 
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Table 1. Estimated Economic Costs of Proposed Action across 
Ten Impact Areas, Cumulative Impacts after 50 years  


Impact area Discount Rate 
 


0% 2.75% 


Health Costs and Air Quality Impacts $1,182,108,000  $589,638,000 


Ecosystem Services $76,926,000 $42,230,000 


GHGs Social Cost of Carbon – Washington $2,279,924,000  $989,480,000  


Noise and Vibration Costs $161,169,000  $83,315,000  


Property Value $2,799,788,000  $1,278,068,000  


Vehicle Delays Costs $1,185,760,000  $549,876,000  


Vessel Accidents $204,268,000 $100,550,000  


Rail Safety $1,768,284,000  $914,097,000  


Low Income and Minorities $1,713,610,000 $827,413,000 


Fisheries and Tribal Resources N/A N/A 


Total Washington $10,112,803,000 
 


 


$4,742,800,000 
 


 


* Rounded to the nearest thousand 


Table 2. Estimated Economic Costs of Proposed Action across 
Ten Impact Areas, Cumulative Impacts after 20 years  


Impact area Discount Rate 
 


0% 2.75% 


Health Costs and Air Quality Impacts $385,852,000  $279,843,000  


Ecosystem Services $31,676,000  $24,477,000  


GHGs Social Cost of Carbon – Washington $496,280,000  $338,410,000  


Noise and Vibration Costs $59,000,000  $43,000,000  


Property Value $853,356,000  $651,946,000  


Vehicle Delays Costs $301,645,000  $217,974,000  


Vessel Accidents $63,754,000  $45,421,000  


Rail Safety $645,564,000  $473,626,000  


Low Income and Minorities $503,331,000  $364,903,000  


Fisheries and Tribal Resources N/A N/A 


Total Washington $3,340,458,000  $2,439,600,000  


* Rounded to the nearest thousand 
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These tables, with all the data, studies and calculations supporting the results 
provide the basis for these final opinions.  
 
Opinion 1: Summation of Calculated Economic Damages 
In my opinion, in 20 years the economic damages resulting from the Proposed 
Action will be larger than $2.4 billion at a 2.75% discount rate or $3.3 billion at a 
zero discount rate. These values do not reflect additional significant harms resulting 
from the Proposed Action including the threat to, and loss of tribal resources, as well 
as tribal members impacted by increased delays to fishing sites, injury and death 
from train strikes while accessing tribal resource fishing sites on the Columbia River. 
 
Opinion 2: Summation of Calculated Economic Damages 
In my opinion, in 50 years economic damages resulting from the Proposed Action 
will be larger than $4.7 billion at a 2.75% discount rate or $10.1 billion at a zero 
discount rate.   
 
Opinion 3: Upper Boundary of Economic Damages 
It is my opinion that these calculated economic damages resulting from the 
Proposed Action are significantly lower than the economic damages that would be 
experienced by Washington State citizens under the Proposed Action as many 
damages that would result from the project could not be fully quantified and 
monetized, for this reason I cannot estimate an upper boundary for total damages.  


 Introduction 


1. Purpose of Report 
Millennium Bulk Terminals – Longview, LLC filed a lawsuit in Federal Court against 
Washington State Governor Jay Inslee and others, with a Commerce Clause 
challenge, asserting that the denial of environmental permits at this site, for this 
proposed Millennium Bulk Terminal project, results in undue burden on commerce 
(Complaint 243). The permit denial was based failure to meet water quality 
standards and also on the analysis provided in the Final Environmental Impact 
Statement (FEIS) and supporting documents, which highlight environmental impacts 
and their significance. The FEIS evaluates and quantifies some of the environmental 
and health impacts expected. Although it is difficult to put monetary figures on 
many ecological damages and health impacts, there are well-established 
methodologies to value some of their economic implications, such as costs and 
other burdens on individuals, private companies, or public entities.  
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The purpose of this analysis is to identify and value, in monetary terms, the benefits 
to the citizens of Washington State resulting from the denial of permits and a no-
action scenario for the Millennium Bulk Terminals-Longview (MBTL), as the project 
has been proposed, described, and reviewed under the Final Environmental Impact 
Statement (FEIS).  
 
This report identifies, and in some cases quantifies and monetizes, the benefits of a 
no-action scenario in comparison to the Proposed Action. The economic valuation is 
a partial economic assessment of the expected impacts, since a wide range of 
serious harms could not be quantified and/or monetized.  


2. Project Overview 
MBTL, the Applicant, proposes constructing and operating a coal export terminal 
(Proposed Action) in Cowlitz County, Washington, along the Columbia River. The 
Proposed Action is summarized in the FEIS cover letter as follows:  
 
“Under the Proposed Action, the Applicant would develop the coal export terminal 
on 190 acres (the project area) primarily within an existing 540-acre site that is 
currently leased by the Applicant. The coal export terminal would receive coal from 
the Powder River Basin in Montana and Wyoming and the Uinta Basin in Utah and 
Colorado via rail shipment. Coal would be unloaded from rail cars, stockpiled, and 
loaded by conveyor onto ocean-going vessels for export using two new docks 
located in the Columbia River. Once construction is complete, the Proposed Action 
could have a maximum annual throughput capacity of up to 44 million metric tons of 
coal per year” (Cowlitz County and Ecology, 2017, Ch. 1, pg. 2). 
 
This analysis relies on the FEIS, including the technical reports that informed the FEIS 
assessment, conducted for the Proposed Action. The FEIS evaluates impacts from 
construction and operation. These activities include impacts related to the rail and 
vessel transport of coal to and from the proposed export terminal. The FEIS also 
evaluates the contribution of the Proposed Action to cumulative environmental 
impacts. 


3. Scope of Report 
This report provides an economic assessment of some of the significant and 
unavoidable impacts identified in the FEIS from the Proposed Action, resulting in 
environmental, health, and economic costs. This assessment is the measure of some 
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of the benefits that Washington State residents will have as a result of the 
Department of Ecology permit denial for this specific Proposed Action. Benefits in 
the report are analyzed as the costs of the Proposed Action and presented as such. 
Results from this report should be interpreted as avoided costs from the permit 
denials for MBTL’s Proposed Action.  
 
The geographic scope of the study is restricted to impacts within the boundaries of 
the State of Washington. The temporal scope of the study covers the first twenty 
years and fifty years of operation.  
 
The subject area scope of this analysis focuses on impacts that were determined to 
be significant and unavoidable in the FEIS. In addition, three categories of impacts 
not flagged as significant and unavoidable in the FEIS were found to have significant 
economic effects that could be quantified with the data available. These included 
greenhouse gas emissions, the loss of ecosystem services from land cover change, 
and impacts on property value. These were analyzed based on the impacts found on 
the FEIS and economic cost data appropriate for each impact area.  
 
The following impacts are included in this report:   


1. Health Costs from Air Quality Impacts  


2. Ecosystem Service Loss from Land Cover Change 


3. Greenhouse Gas Emissions and Climate Change Costs   


4. Noise and Vibration Costs 


5. Property Value Costs  


6. Costs of Vehicle Delays  


7. Economic Costs of Vessel Transportation Externalities 


8. Rail Safety Impacts and Costs 


9. Economic Costs to Low Income Population  


10. Tribal Resources 


 
Also, not all significant and unavoidable impacts could be included, quantified, 
and/or monetized. In some cases, this was due to the lack of data or to incompatible 
units for valuation. For example, impacts on rail transportation and capacity were 
not included, because the analysis would require extensive modeling and external 
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data collection that could not be produced within the scope of this effort. 
Disruptions to emergency services were not included for the same reasons.  
 
Impacts to tribal resources were included but could not be monetarily valued due to 
the intangible nature of their value and the required anthropological, social, and 
historical analysis which could also not be produced within the scope of this study.  
 
These valuations should be viewed as a partial valuations that underestimate the full 
damages expected from the Proposed Action. This is because several impacts could 
not be valued. For example, private road crossings were not included in traffic 
delays, aquatic habitat degradation was not monetized, impacts on minority 
populations were not monetized, and health impacts from PM10 particulate matter 
were not included, among other. Each section identifies major impacts that could 
not be economically analyzed for a lack of data or other reasons.  


 Methodology and Approach 


1.   Economic Costs: Market and Non-Market Impact 
The economic cost incurred from the Proposed Action was assessed in this report. 
Economic costs include both market and non-market values, referred to as economic 
impacts. In this context, we examine the economic cost, or burden, of construction 
and operation of a coal export terminal. There are several valuation methods 
available for assessing economic value.  
 
Market value is identified through the market price associated with a good or 
service. One market impact from the construction of the export terminal is the 
impact to residential home prices in proximity of the project. Market prices and 
appraisal for homes adjacent to a busier train track are likely to see a loss in value 
and will sell at lower prices than homes that did not experience this change. This is 
identified as a market impact associated with the Proposed Action.  
 
Non-market values stem from the concepts of willingness-to-pay and willingness-to-
accept a particular outcome. Non-market values include those impacts that can be 
estimated, but may not be directly realized through transactions in the market. A 
non-market impact from the Proposed Action can be the loss of habitat for fish 
populations, valued for the recreational opportunities they provide or their role in 
food-webs that support many other species. The value that Washington residents 
place on every acre of fish habitat can be estimated and used as a non-market value.  
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The valuation of market and non-market impacts are dependent upon available data 
and relevant literature on the quantifiable impacts associated with the Proposed 
Action. Much of the findings of this report are based on the FEIS and relevant 
literature regarding the Proposed Action. Due to data limitations, the results of this 
report do not represent the total economic value associated with the Proposed 
Action. The findings of this report only measure a portion of the total economic 
burden associated with the Proposed Action. 


2. Definitions and Assumptions 
 


a) Reference to the Proposed Action for the Millennium Bulk Terminals – 
Longview 
All impacts are evaluated in reference to the incremental changes expected by 
the activities proposed for the project and in comparison to a future without the 
project. Throughout the report we reference the activities for this project as the 
Proposed Action or Proposed Action.  
 


b) Study Area(s) General and Specific to Each Impact 
The area of impact considered in this report is limited to the impacted parties 
within Washington State. There are many impacts beyond the limits of 
Washington State. These impacts are not directly considered within the scope of 
this report. In the case of impacts from greenhouse gases, a separate calculation 
for coal combustion outside Washington State is provided for illustrative 
purposes, following the FEIS approach. 


 
Also, while particular focus is placed on Cowlitz County, the county in which the 
Proposed Action will be taking place, other impacted parties within Washington 
State are considered where data is available and methods of quantification 
feasible.  
 
In general, the geographic boundary of impacts is determined by the train routes 
and vessel routes, as well as activities within the terminal area. The railroad line 
that would carry coal for the Proposed Action, the BNSF rail line, passes through 
15 counties in Washington State (See Figure 1). In addition, in Cowlitz County, 
coal would be transported on the BNSF Spur and Reynolds Lead to the terminal, 
where construction and operations of the Proposed Action would take place (See 
Figure 2). 
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Figure 1. Proposed Rail Transport Route & Impacted Counties 
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Figure 2. Cowlitz County Proposed Rail Transport Route & Export Terminal 


 


 


The geographic boundary of the impacts is limited to the 16 counties in 
proximity to the proposed rail route as well as the water area where vessels 
travel. The rail line runs through 15 counties but in some cases the boundary of 
impact extends to 16 counties due to the buffer extending far enough to touch 
another county. Each impact type has unique boundaries depending on the 
nature of the impact.  
 
The geographic boundaries of each impact type are summarized in Table 3 
below.  
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Table 3. Area of Impact by Impact Type 


Impact Type/Chapter Geographic Boundary for Economic Impact 


Chapter 1: Air quality and 
health impacts (Mortality 
Risk) 


150-foot buffer around rail, 1.5-mile buffer around terminal for mortality risk 


Chapter 1: Air quality and 
health impacts 


(Cancer Risk) 


2 miles across (1-mile buffer) for 10 cancers per million and 0.5 miles across 
(0.25-mile buffer) for 30 cancers per million along rail line across WA for lung 
cancer risk. The area around the terminal for increased risk of 1 cancer per 
million, for example, extends across the width of the Columbia River and 
approximately 4 miles west of the project area and approximately 2.5 miles 
east of the Proposed Action area. 


Chapter 2: Ecosystem 
Service Values from Land 
Cover Change 


212 acres in direct impact area, only 61 of these acres are natural lands 


Chapter 3: GHG and the 
Social Cost of Carbon 


Terminal & Trains for project areas in Cowlitz County and Washington State 


Chapter 4: Noise and 
Vibration Costs 


Cowlitz County Variable buffer around rail crossings, variable buffer around 
terminal; statewide crossing buffers based on Cowlitz County averages (0.16-
mile buffer, severe; 0.33-mile buffer, moderate) 


Chapter 5: Property 
Impacts 


1-mile buffer around rail line 


Chapter 6: Vehicle Delay 
Costs 


WA rail crossings along proposed coal transport route 


Chapter 7: Vessel 
Transport Accidents 


Downstream of the Port of Portland to 3 nautical miles seaward of the 
mouth of the Columbia, including all waters and ports adjacent to the deep-
draft channel downstream of Portland 


Chapter 8: Rail Safety 
Impacts 


WA rail proposed coal transport route 


Chapter 9: Impacts to Low 
Income and Minority 
Populations 


Impact locations of air quality and health, vehicle delay, and noise  


Chapter 10: Tribal 
Resources 


The Columbia River Basin 


 
c) Discount Rates 


Discount rates are adjustments placed on future costs or benefits to take into 
account 1.) how people value these same costs and benefits if accrued in the 
future and 2.) the potential cost of money, i.e. money invested now can 
generate more money in the future. With this rationale, a discount rate is used 
to bring future benefits and costs into alignment with current benefits and costs.   
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Often, a positive discount rate is used with the assumption that people value a 
dollar today more than a dollar tomorrow. When it comes to financial 
investments, there may be an opportunity cost of foregoing return from 
investments. The range of values used as discount rates varies greatly across 
agencies and applications. There is no standard across the board. The current 
rate for federal water projects is 2.75% (NRCS, 2018). This rate was chosen and 
used for this analysis based on federal acceptance for water projects.  


 
One of the challenges of using a positive discount rate, well recognized in 
academia (Arrow, Dasgupta, Goulder et al., 2004; Weitzman, 1998), is that it 
treats damages to people in the future as less than damages to people today and 
can lead to decisions that yield short-term benefits and significant long-term 
costs. This “intergenerational inconsistency” in discounting the present is more 
sharply at odds when the goal of public policy is to act as a trustee of the public 
by protecting the environment, health, and public goods for future generations. 
For these reasons, a zero discount rate is also considered in this analysis.  
 


d) Summary of Operations by Year 
The analyses of this report are based on the assumption of a gradual process for 
the terminal to achieve full operations. These assumptions are encapsulated in a 
ramp-up scenario for operations. All impacts that are driven by train traffic or 
the amount of coal throughput in the terminal are tied to this ramp-up scenario. 
  
The ramp-up of operations assumed for this analysis is created based on 
information provided in Table 2-4 of the FEIS (Cowlitz County and Ecology, 2017, 
Ch. 2). Ramp-up assumptions are summarized in Table 4, which provides the 
assumed intensity for the start-up of operations (1.5 years from start-up), 
increased operations (3 years from start-up), and full build-out operations (6 
years from start-up). The tons of coal, number of coal trains, and length of trains 
are taken into consideration in the building of the ramp-up scenario (See Table 
4). 
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Table 4. Ramp-up Scenario Used in this Report 


  
Trains 
Per Day1  


Loaded 
Trains 
Per Day 


Loaded 
Trains 
Per 
Year 


Terminal 
Throughp
ut 
(MMTYP) 


Tons Per 
Train2 


Train %3 Tons of 
Coal %4 


Year Operations Phase  Based on 2028 Operations 


0 2018 0 0 0 
                           
-    


                               
-    


                               
-    


    


1 2019 
Stage 1a = 
Half 
Capacity 


2 1 
                        


365  
                   


5,000,000  
                        


13,699  
            


0.125  
            


0.114  


2 2020 
Stage 1a = 
Full Capacity 


4 2 
                        


730  
                 


10,000,000  
                        


13,699  
            


0.250  
            


0.227  


3-5 
2021- 
2023 


Stage 1b 10 5 
                     


1,825  
                 


25,000,000  
                        


13,699  
            


0.625  
            


0.568  


6-9 
2024- 
2027 


Stage 2 = 
Full 
Operations 


16 8 
                     


2,920  
                 


40,000,000  
                        


13,699  
            


1.000  
            


0.909  


10-50 
2028- 
2068 


Stage 2 = 
Full 
Operations 
+ Rail Car 
Capacity 
Increase 


16 8 
                     


2,920  
                 


44,000,000  
                        


15,068  
            


1.000  
            


1.000  


 
1 Includes loaded and empty trains. 


2 Rounded to nearest ton. 


3 Located in Chapters 4, 6, and 8. 
4 Ch. 1, 3, & 5 


 
Impacts that were based on terminal activities or vessel transport used the coal 
throughput yearly assumptions. At full operations, 44 million metric tons were 
assumed to be exported out of the terminal. The years prior to full operation (six 
years) assume smaller impacts, based on the amount of coal throughput for each 
year as described above.    
 


e) Temporal Dimension 
The FEIS analyzes cumulative impacts up to Year 2038 (20 years from start date) 
(Cowlitz County and Ecology, 2017, Summary, pg. S-40).  The FEIS also states that 
“Operations of the Proposed Action would occur 24 hours per day, 7 days per 
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week, and the terminal would be designed for a minimum 30-year period of 
operation” (Cowlitz County and Ecology, 2017, Summary, pg. S-8). 
 
This analysis estimates cumulative impacts at 20 years and at 50 years out from 
the start of the Proposed Action. The 20-year time horizon was chosen based on 
cumulative impacts reported in the FEIS. The 50-year time horizon was used as 
the standard for large-scale projects at the US Army Corps of Engineers (USACE, 
2000). 
 


f) Inflation Adjusted Year 
Comparing dollars across time requires adjusting for inflation. Economic analyses 
across time need to be “normalized” or inflated/deflated to a consistent dollar-
year. The most recent year for which the US Bureau of Labor Statistics (BLS) 
provides inflation data and adjustment tables is 2017. The BLS deflators were 
used in this economic analysis to bring all values to 2017-dollar values (BLS, 
2017).  
 


g) Population Growth Adjustments  
The population of the State of Washington has been growing and is projected to 
continue growing. This analysis uses data from the State Growth Management 
Act population projections which indicates that the rate of population growth, 
including immigration, will decrease over the next 50 years (WOFM, 2018). 
Based on these estimates, population growth will continue, but at a decreasing 
rate. Health impacts are adjusted for population growth throughout the 
assessment period. Baseline population estimates are derived from US Census 
Block Group data, specifically American Community Survey 2016 population 
counts. Vehicle delay impacts are also adjusted for population growth but based 
on a rate including population growth and vehicle ownership increases, as 
described in the FEIS Vehicle Transportation Technical Report (Cowlitz County 
and Ecology, 2017, Vol. IIIc). 
 


--- 
 


The following ten chapters contained in this report present each impact area in a 
separate, self-contained chapter. Each chapter outlines major data sources, 
methods, results, and opinions. Attention has been paid to avoid double-counting 
any impact across chapters.  
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1 Costs from Air Quality Impacts 


1.1 Introduction 
The Proposed Action will result in air pollution emissions, including fine particulate 
pollutants. Fine particulates are known to impact human health and increase mortality 
risks. The damages to human health from increased exposure to particulates, including 
PM2.5, have been quantified in the academic literature. Using the expected Proposed 
Action emissions and concentration changes data provided in the Final Environmental 
Impact Statement (or FEIS), projected health outcomes and costs were calculated here. 
These costs were calculated for a subset of health impacts (respiratory, cardiovascular, 
and nervous system) that would occur within a distance from source of 150 feet to 1.5 
miles and that would result from PM2.5 emissions directly associated with the Proposed 
Action. 
 
Decades of epidemiological studies have demonstrated the link between air pollution – 
in the form of fine particulate matter – and respiratory, cardiovascular, and nervous 
system diseases. In a comprehensive review of epidemiological studies published in the 
medical journal Lancet, Brunekreef and Holgate (2002) state: “The health effects of air 
pollution have been subject to intense study in recent years. Exposure to pollutants such 
as airborne particulate matter and ozone has been associated with increases in 
mortality and hospital admissions due to respiratory and cardiovascular disease…Effects 
have been seen at very low levels of exposure, and it is unclear whether a threshold 
concentration exists for particulate matter and ozone below which no effects on health 
are likely” (pg. 1233). 
 
In regards to air quality and health impacts, diesel particulate matter (DPM) is of great 
concern, contributing to over 70% of the cancer risk associated with airborne toxics in 
the Seattle region (Puget Sound Clean Air Agency, 2011). Particles classified as PM2.5 
are 2.5 micrometers or smaller in size. The EPA notes: “The average human hair is about 
70 micrometers in diameter – making it 30 times larger than the largest [PM2.5] fine 
particle” (US EPA, 2016). When inhaled, such fine particles readily become lodged deep 
in lung tissues.   
 
The operation of diesel-powered, open-top coal trains results in nearly twice as much 
respirable PM2.5 as the passage of diesel-powered freight trains (Jaffe, Putz, Hof et al., 
2015).  Diesel coal train combustion leaves a trail of air that is contaminated by PM2.5 
particulates all along the train route. The Proposed Action will increase coal train traffic 
in Washington State, increase human exposure to PM2.5, and increase damage to 
human health along the train route and near the terminal site. Therefore, estimates of 
health impacts deserve close attention.  
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Health impacts in Washington State associated with the Proposed Action primarily 
result from: 


1. emissions from increased train, vehicle, and marine vessel traffic as well as other 
mobile sources; 


2. emissions originating from the delivery, handling, and storage of coal on site;  


3. increased risk of accidents that would disperse mercury and other hydrocarbons into 
the environment;  


4. increased probability of delay of emergency medical service response; and 


5. increased noise exposure. 


 
The proposed terminal would require an increase of 16 daily diesel trains and 1,680 
vessel transits a year (at full operation). Each would release toxic particulate matter 
from diesel fuel combustion and disperse harmful coal dust and surfactant residue from 
their loads. Diesel particulate matter emissions are associated with respiratory and 
cardiovascular health problems (Pope III, Burnett, Thun et al., 2002) as well as nervous 
system problems (Sram, Veleminksy, Veleminsky et al., 2017). Coal dust released during 
coal transport, delivery, and storage has also been linked to increased mortality risk (Jha 
and Muller, in press). 
 
Transporting and handling coal also poses risks of mercury, heavy metal, and polycyclic 
aromatic hydrocarbon contamination, which becomes significantly more serious in the 
event of a large-scale accident or spill. These contaminants are associated with 
neurological dysfunctions, among other health concerns (Northeast States for 
Coordinated Air Use Management, 2003; Oregon Water Science Center, 2017). 
 
Increased noise exposure is also a contributing factor to health problems. It affects 
cardiovascular health, cognitive impairment, sleep, and mental health (Basner, Babisch, 
Davis et al., 2014). 
 
In this chapter, the costs for four health conditions associated with PM2.5 emissions are 
estimated, including mortality risk from respiratory, cardiovascular, and nervous system 
conditions, as well as risks for lung cancer incidence. It should be noted, however, that 
there are multiple other health impacts that are not included here due to data 
limitations.  
 
According to the health impact assessment conducted for the Proposed Action (Cowlitz 
County and DOH, 2018), the health impacts of greatest concern are heart and lung 
diseases as well as total increased mortality. The FEIS looked at cancer risks associated 
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with inhalation of diesel particulate matter (Cowlitz County and DOH, 2018). 
Furthermore, while the U.S. National Ambient Quality Standards (or NAAQS) do provide 
standards to limit the concentration of particulate matter across the country, NAAQS 
regulations from 2013 clarified that the thresholds for PM 2.5 concentrations being 
regulated do not necessarily reflect health risks, and that negative health impacts can 
and do occur at levels below the stated thresholds (US EPA, 2013). 
 
There are many costs associated with health impacts. Some costs are born by 
individuals, others by communities, and others by public health systems. There are 
direct costs such as out-of-pocket expenses, public payer expenses, hospital costs, and 
insurance claims that are incurred in diagnosing and treating a health condition. Other 
direct costs reflect our willingness to pay to avoid the health problem or avoid early 
death (premature mortality). There are also indirect costs such as missed days of work 
or school, the nuisance of pain and suffering the symptoms, the value of caretaking 
outside medical facilities, and lost worker productivity, among others. Second-order 
economic costs can also arise from resulting unemployment, social service provision, 
and degradation of community vitality. 
 
In this analysis, only the costs associated with risk of death are estimated. This is based 
on the U.S. Department of Transportation value of a statistical life (USDOT, 2016), which 
is within the range used across government agencies (Moran et al., 2016; Viscusi and 
Aldy, 2003). This cost does not include the other costs mentioned above. A scenario is 
presented at the end of this chapter that quantifies the medical cost from cancer risks 
only. This is presented separately as a partial valuation.  


1.2 Methods 
Costs were estimated for the mortality risks of four health conditions associated with 
PM2.5 emissions attributable to the Proposed Action: respiratory, cardiovascular, and 
nervous system conditions, as well as risks for lung cancer incidence specifically. This 
was done by estimating the incidence of mortality-increasing disease from the current 
medical literature and calculating costs using the US Department of Transportation’s 
Value of a Statistical Value (VSL). 


 Area of Impact 
The area of impact was divided into three major sub-areas reflecting key differences in 
expected emissions as well as the granularity of the data available at different levels. 
 
Impact Area 1: The area around the terminal 
This area is restricted to a 1.5-mile buffer around terminal area. Although the modeling 
provided by Ecology (Annual_PM25_MBTL) only had data for a 0.6-mile buffer, the 
values were extrapolated to a 1.5-mile buffer based on the assumption that emissions 
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would travel further than 0.6 miles. This assumption is based on recent findings that 
PM2.5 emissions from coal storage facilities are recorded as far as 25 to 30 miles away 
from the facilities (Jha and Muller, in press; Clay, Lewis and Severnini, 2016).  
 
Impact Area 2: The area adjacent to the BNSF rail line in Cowlitz County 
This area is restricted to a 150-foot buffer from the rail line to include the population 
living within this distance of the BNSF rail line. This buffer was chosen as a 
representative point given the distances for which the FEIS reported PM2.5 
concentration increases. However, it should be noted that emissions would travel 
further than this. Section 5.7 reports concentration increases in this area at 50 feet, 100 
feet, and 150 feet from the rail lines (Cowlitz County and Ecology, 2017a, pg. 5.7-24).  
 
Impact Area 3: The area adjacent to BNSF main rail lines across Washington 
This area is adjacent to the BNSF rail lines in Washington State where Proposed Action 
coal trains will travel, restricted to a 150-foot buffer from the rail line, including the 
population living within that distance of the rail line. This buffer was chosen as a 
representative point given the distances for which the FEIS reported concentration 
increases. However, it should be noted that emissions would travel further than this. 
Section 5.7 reports concentration increases in this area at 100ft, and 200ft from the rail 
lines (Cowlitz County and Ecology, 2017a, pg. 5.7-27). 
 
Impact areas for mortality risk increases are also outlined in Figure 1.  
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Figure 1. Impact Area used to Estimate Mortality Risk Increase 


 


1.3 Analysis 


a) PM2.5 Emissions and concentration increases 
The primary causal factor for the respiratory, cardiovascular, and nervous system 
health impacts studied in this analysis is the emission and subsequent inhalation of 
PM2.5. Other emissions associated with the Proposed Action, such as PM10, also 
damage human health (Anderson, Thundiyil, and Stolbach, 2012) but were not 
included. While variations in PM2.5 concentrations may occur on a year-by-year 
basis and at 24-hour intervals, this analysis is based on annual average 
concentrations associated with the Proposed Action, as modeled in the FEIS. Mean 
PM2.5 concentrations associated with the project and their use for this analysis are 
summarized below in Table 1.  
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Table 1. Mean PM2.5 Annual Concentration Increase, from Data Provided by Department of Ecology 


Impact Area 
Mean PM2.5 
Impact, 
in μg/m3 


Description/ Source 


Cowlitz 
Terminal Area, 
1.5-mile buffer  


0.195 


This is an average annual concentration based on 
concentrations within the 0.6-mile buffer modeled area. 
This average is kept constant and extrapolated out to 1.5 
miles, making it an overestimated exposure beyond 0.6 
miles. However, given that emissions will travel further, 
possibly as far as 25 to 30 miles, it is an underestimate 
with respect to population exposed.  Source:  
Annual_PM25_MBTL 


Cowlitz Rail line, 
150-foot buffer 


0.115 


This is an average from concentrations within the 150-foot 
buffers from both sides of the train track.  Constraining 
the population exposed to 150 foot buffers is an 
underestimate of exposed population. Source: DPM 
Cowlitz 3yr 


WA Rail lines, 
150-foot buffer 


0.115 


This is an average from concentrations within the 150-foot 
buffers from both sides of the train track.  Constraining 
the population exposed to 150 foot buffers is an 
underestimate of exposed population. Source: DPM 
Cowlitz 3yr 


 


The PM2.5 concentrations were adjusted to reflect the Ramp-Up Scenario for each year 
(see Introduction for more details), where concentration increases ramp up to the 
values in Table 1 once the terminal reaches full operation in 2024. At full operation, the 
concentrations stay constant over time for the cumulative analysis. The analysis also 
assumes a fixed emissions rate, with no upgrade to locomotive efficiency or reduction in 
emissions. Finally, the data provided by Ecology did not include data modeled for 
Section 5.7 of the FEIS (Cowlitz County and Ecology, 2017a). Therefore, the analysis, if 
conducted solely from the mean data, would be conservative in this respect.  
 
Background concentrations of PM2.5 for each impact area were derived from the FEIS, 
as outlined in Table 2. Therefore, to estimate the impact from PM2.5 emissions, the 
increase in concentration of PM2.5 was translated into a percentage increase from the 
preexisting background concentrations.   
 
The maximum concentration impact reported in Tables 5.7-6, 5.7-11, and 5.6-8 from the 
FEIS (see Table 2 and Appendix A) were used to create a maximum emissions scenario 
where these would drive the impact in each corresponding impact area – e.g. a 1.7 
μg/m3 increase in concentration was used to infer impacts within a 150-foot boundary 
from the rail in Cowlitz County.  Maximum concentrations were also translated into a 
percentage increase from the background concentrations to calculate mortality rate 
increases. Maximum points represent the highest point estimate recorded in the model 
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generalized to the entire impact area. In this analysis, maximum concentrations were 
considered in part to account for emission increases in PM2.5 from coal dust, which was 
data that was not available for this analysis, and thus not accounted for. They were also 
used to offset the constraints put on population being exposed. They represent an 
upper bound of exposure.  


Table 2. PM 2.5 Concentrations Derived from the FEIS 


Impact Area Max PM2.5 
Impact 
in μg/m3 


Background 
PM2.5 
(μg/m3) 


Description and Source Table in the FEIS 


Cowlitz 
Terminal Area, 
1.5-mile buffer  


0.83 6.2 This is a maximum annual concentration point 
estimate based on concentrations modelled 
within a 0.6-mile buffer. This point is applied as a 
constant within the 1.5 mile buffer, making it an 
overestimated exposure. However, constraining 
the population exposed to 150 foot buffers is an 
underestimate of exposed population this is 
partially offset by constraining emissions to 1.5 
miles, as these will travel further, possibly as far 
as 25 to 30 miles.  Source: Table 5.6-8 


Cowlitz Rail 
line, 150-foot 
buffer 


1.7 5.9 This is a maximum annual concentration point 
estimate based on concentrations modelled 
within a 150-foot buffer. This point is applied as a 
constant to the 150-foot buffers, making it an 
overestimated exposure. However, this is offset 
by constraining the population exposed to 150 
foot buffers, which is an underestimate of 
exposed population.  Source: Table 5.7-6 


WA Rail lines, 
150-foot buffer 


0.93 8.9 This is a maximum annual concentration point 
estimate based on concentrations modelled 
within a 150-foot buffer. This point is applied as a 
constant to the 150-foot buffers, making it an 
overestimated exposure. However this is offset by 
constraining the population exposed to 150 foot 
buffers, which is an underestimate of exposed 
population.  Source: Table 5.7-11 


 


b) Impacts of PM2.5 on Mortality Risk 
The causal relationship between PM2.5 and mortality risk has been documented in 
comprehensive studies (Levy, Baxter, and Schwartz, 2009; Anderson, 2015). This 
analysis used findings from the most recent research (Jha and Muller, in press), 
which is consistent with previous comprehensive studies looking at the same 
relationships between increased PM2.5 concentrations and mortality risk (Lepeule, 
Laden, Dockery et al., 2012; Krewski, Jerrett, Burnett et al., 2009).    
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The findings from Jha and Muller (in press) show that a 10% increase in PM2.5 leads 
to a 1.1% increase in average, overall adult mortality rates, and a 6.6% increase in 
overall infant mortality rates. The relationship also has a log-linear semi-elasticity 
where one microgram per cubic meter increase in PM2.5 causes a 1% increase in 
adult mortality. Respiratory, cardiovascular, and nervous system-related deaths 
were of particular significance in correlation with PM2.5 emissions, and thus were 
used for this analysis.  As Jha and Muller state, “the effects of PM2.5 on all of the 
aforementioned [respiratory, cardiovascular, and nervous system] mortality rates, 
excepting the external-cause mortality rate, are positive, statistically significant, and 
economically significant when we instrument using the monthly level of coal 
stockpiles and the monthly number of coal deliveries from nearby power plants.” (in 
press, manuscript pg. 5).  
 
Jha and Muller’s (in press) findings on mortality risks were based on models 
incorporating hourly readings of ambient PM2.5 concentrations at roughly 1,000 
monitored sites across the contiguous United States between 2002-2012 and 
monthly mortality rates at the county level, controlling for meteorological conditions 
as well as other emissions from nearby power plants. Their results are presented as 
yearly fixed effects and closely match the findings of other large-scale studies that 
examine this relationship (Krewski et al., 2009; LePeule et al., 2012). LePeule et al. 
(2012) find that a 1 µg/m3 increase in PM2.5 is associated with an increase in all-
cause adult mortality of 1.4%, with a 2.6% increase in cardiovascular mortality, and a 
3.7% increase in lung cancer mortality. The concentration-response function 
developed by Krewski et al. (2009) estimates between a 0.5% and 0.8% increase in 
overall mortality from a 1 µg/m3 increase in PM2.5. This analysis did not include the 
greater impacts observed in children and infants. Only adult mortality was estimated 
for each impact area.  
 
A summary of mortality risks associated with PM2.5 concentration increases, as 
modeled by Jha and Muller is provided in Table 3 (in press). This table provides the 
empirical results relating PM2.5 concentration levels to mortality rates for the 
instrumental variables (IV) specification of Jha and Muller’s model (in press). The 
coefficients show that for a 1% increase in PM2.5 concentration levels, 
cardiovascular mortality rates increase by 0.134%, for example. Coefficients are 
provided for cardiovascular, respiratory, nervous system, and total mortality rate 
impacts.  
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Table 3. PM 2.5 on Adult Mortality Rate at a 25-mile buffer  


 Cardio MR Respiratory MR Nervous MR Total MR 


Log (PM2.5 +1) 0.134* 0.469* 0.239* 0.109* 


Observations 42,093 36,203 28,558 42,965 


R2 0.903 0.609 0.769 0.908 


*Denotes statistically significant at 1% level  
Source: Jha and Muller, in press, Table 9 


c) Mortality Risk and Impact 
To estimate impacts specific to Cowlitz County and Washington State, PM2.5 
percentage concentration increases were used to predict the expected mortality 
impacts reported above (Table 3).  Baseline mortality rates of Cowlitz County and 
Washington State for cardiovascular, respiratory, and nervous system diseases were 
derived from the Health Impact Assessment for the Proposed Action (Cowlitz County 
and DOH, 2017). Mortality rates used in the different impact areas are summarized 
in Table 4.  


Table 4. Mortality Rates for Washington State and Cowlitz County 


Mortality Rate Category 
Age Adjusted per 
100,000 people 


Source 


Cardiovascular in WA 105.9 Cowlitz County and DOH, 2017, Table 5, pg. 32 


Respiratory in WA 40.64 Cowlitz County and DOH, 2017, Table 6, pg. 33 


Nervous System in WA 61.2 
CDC Wonder Data, 1999-2016, G00-G98 
Diseases of the Nervous System 


Cardiovascular in Cowlitz 113.4 Cowlitz County and DOH, 2017, Table 5, pg. 32 


Respiratory in Cowlitz 61.8 Cowlitz County and DOH, 2017, Table 6, pg. 33 


Nervous System in Cowlitz 66.9 
CDC Wonder Data, 1999-2016, G00-G98 
Diseases of the Nervous System 


 
Mortality rate increases in each impact area for each of the health conditions were 
estimated based on the baseline mortality rate outlined in Table 4, percent increases 
in PM2.5 concentrations, and the population of each impact area as outlined in 
Table 5. Following the findings of Jha and Muller (in press), in Table 3, for every 
percent increase in PM2.5, a 1.34% increase in cardiovascular, 4.69% increase in 
respiratory, and 2.39% increase in nervous system mortality rates were calculated.   
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Table 5. Population Estimates for Areas Impacted by Increases in PM2.5 Concentrations 


Area of Impact 
Population 
Exposed* 


Description 


Cowlitz Terminal 
Area, 1.5-mile 
buffer  


12, 165 
Population estimate assumes an even distribution of people across 
census blocks and accounts only for the proportion of the census 
block within the 1.5 mile buffer.  


Cowlitz Rail line,  
150-foot buffer 


967 
Population estimate assumes an even distribution of people across 
census blocks and the proportion of the census block within the 
150 foot buffer from the BNSF rail line in Cowlitz County. 


WA Rail lines, 
150-foot buffer 
(excluding 
Cowlitz) 


17,931 
Population estimate assumes an even distribution of people across 
census blocks and the proportion of the census block within the 
150 foot buffer from the BNSF rail line across Washington State. 


* Population estimates are total population counts, including adults and children. The mortality effect of 
for adults was applied to both adults and children, although impacts on children have been shown to be 
larger.   


 
Two sets of PM2.5 concentration increases were used to estimate mortality effects 
across the three categories of respiratory, cardiovascular, and nervous system 
mortality rates. Mean PM2.5 and max PM2.5 concentrations for each impact area 
were used to estimate the increase in mortality rates, both of which were based on 
emissions, measured as concentration increases, modeled for the Proposed Action 
with maximum concentrations summarized in the FEIS (Cowlitz County and Ecology, 
2017a; Cowlitz County and Ecology, 2017b).  
 
The first estimate, denoted as “Lower Impact,” used mean concentration increases 
for each area of impact. The second estimate, denoted as “Higher Impact,” used 
maximum concentration increases as outlined in the FEIS (Cowlitz County and 
Ecology, 2017a, Tables 5.7-6, 5.7-11; Cowlitz County and Ecology, 2017b, Table 5.6-
8) and applied them to the area within the boundaries of each designated impact 
area. The resulting estimated, annual, regional mortality increases are presented in 
Table 6.  
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Table 6. Yearly Mortality Incidence Attributable to Project PM2.5 Emissions 


Area of Impact 
Lower Impact 
(no. of deaths/year) 


Higher Impact 
(no. of deaths/year) 


Cowlitz Terminal Area, 1.5-mile buffer  0.230 0.980 


Cowlitz Rail line, 150-foot buffer 0.011 0.168 


WA Rail lines (excluding Cowlitz), 150-foot buffer 0.111 0.897 


* Rounded to the nearest thousandth  
** No. of deaths represent expected deaths from cardiovascular, respiratory, 
and nervous system mortality rates 


  
These results line up within the range of what other studies have found regarding 
the incidence of mortalities associated with PM2.5 emissions (US EPA, 2018). As a 
sensitivity analysis, the incidence of mortality expected from the PM2.5 emissions in 
the terminal area was also calculated based on the estimated 4.37 tons per year of 
PM2.5 reported on Table 5.6-5 (Cowlitz County and Ecology, 2017b) and EPA’s 
incidence of associated mortality summarized in Table 22 (US EPA, 2018), based on 
research by LePeule et al. (2012). This calculation suggests a yearly mortality 
incidence of about 0.38 deaths per year for area sources and 0.28 deaths per year 
for locomotive and marine vessel emissions.    


d) Economic Cost of Increased Mortality Risk 
In order to estimate the economic cost of these mortality rate increases, the value of 
a statistical life (VSL) used by the U.S. Department of Transportation was used 
(USDOT, 2016). According to the EPA, the VSL reflects “how much people are willing 
to pay for small reductions in their risks of dying from adverse health conditions that 
may be caused by environmental pollution” (US EPA, 2014). This value was 
estimated at $9.6 million in 2015, (Moran et al., 2016). Updated to 2017 USD, using 
the Bureau of Labor Statistics CPI inflation rate, the value is $10.01M. Yearly cost 
estimates were calculated based on the increased mortality rate for each year, and 
the VSL. Table 7 shows Lower Values (representing lower impact estimates from 
mean PM2.5 concentrations) and Higher Values (representing higher impact 
estimates from max PM2.5 concentrations) for each area of analysis at full 
operations and with population estimates for 2016.  
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Table 7.  Economic Costs of Mortality Risk Impacts from Respiratory, Cardiovascular, and Nervous System 
Impacts Attributable to the Proposed Action Operations at Full Capacity with 2016 Populations 


Area of Impact Lower Value  Higher Value 


Cowlitz Terminal Area, 1.5-mile buffer   $2,302,000   $9,815,000  


Cowlitz Rail line, 150-foot  $114,000   $1,678,000  


WA Rail lines (excluding Cowlitz), 150-foot  $1,110,000   $8,980,000  


Total Area  $3,526,000   $20,474,000  


* Rounded for the nearest thousand 


 
The cumulative impacts at Year 20 and at Year 50 were calculated by adjusting 
yearly emissions to the Ramp-up Operations Scenario, based on coal throughput 
(see Introduction), and by incorporating population growth projections for the 
counties impacted (See Appendix B for method).  
 
Table 8 summarizes cumulative impacts from Year 0 to Year 50 for the higher values, 
with adjustments for the ramp up of terminal operations, population growth, and 
zero percent and 2.75 percent discount rates.   


 


Table 8. Annual and Cumulative Economic Costs from Mortality Risk for Higher Values 


  Discount Rate: 0% Discount Rate: 2.75% 


# Year 
Annual Impact* 
(US$2017) 


Cumulative Impact 
(US$2017) 


Annual Impact* 
(US$2017) 


Cumulative Impact 
(US$2017) 


0 2018  -  - - - 


1 2019 2,365,000  2,365,000  2,302,000  2,302,000  


2 2020 4,768,000  7,133,000  4,516,000  6,818,000  


3 2021 12,082,000  19,215,000  11,138,000  17,956,000  


4 2022 12,213,000  31,428,000  10,957,000  28,913,000  


5 2023 12,340,000  43,768,000  10,775,000  39,688,000  


6 2024 19,945,000  63,713,000  16,949,000  56,637,000  


7 2025 20,139,000  83,852,000  16,655,000  73,292,000  


8 2026 20,325,000  104,177,000  16,359,000  89,651,000  


9 2027 20,513,000  124,690,000  16,069,000  105,720,000  


10 2028 22,773,000  147,463,000  17,362,000  123,082,000  


11 2029 22,978,000  170,441,000  17,049,000  140,131,000  
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  Discount Rate: 0% Discount Rate: 2.75% 


# Year 
Annual Impact* 
(US$2017) 


Cumulative Impact 
(US$2017) 


Annual Impact* 
(US$2017) 


Cumulative Impact 
(US$2017) 


12 2030 23,180,000  193,621,000  16,739,000  156,870,000  


13 2031 23,383,000  217,004,000  16,434,000  173,304,000  


14 2032 23,579,000  240,583,000  16,128,000  189,432,000  


15 2033 23,772,000  264,355,000  15,825,000  205,257,000  


16 2034 23,959,000  288,314,000  15,522,000  220,779,000  


17 2035 24,139,000  312,453,000  15,220,000  235,999,000  


18 2036 24,306,000  336,759,000  14,916,000  250,915,000  


19 2037 24,468,000  361,227,000  14,613,000  265,528,000  


20 2038 24,625,000  385,852,000  14,313,000  279,841,000  


21 2039 24,777,000  410,629,000  14,016,000  293,857,000  


22 2040 24,928,000  435,557,000  13,724,000  307,581,000  


23 2041 25,071,000  460,628,000  13,434,000  321,015,000  


24 2042 25,212,000  485,840,000  13,147,000  334,162,000  


25 2043 25,349,000  511,189,000  12,865,000  347,027,000  


26 2044 25,482,000  536,671,000  12,586,000  359,613,000  


27 2045 25,612,000  562,283,000  12,312,000  371,925,000  


28 2046 25,743,000  588,026,000  12,044,000  383,969,000  


29 2047 25,872,000  613,898,000  11,780,000  395,749,000  


30 2048 25,998,000  639,896,000  11,521,000  407,270,000  


31 2049 26,123,000  666,019,000  11,266,000  418,536,000  


32 2050 26,246,000  692,265,000  11,016,000  429,552,000  


33 2051 26,366,000  718,631,000  10,771,000  440,323,000  


34 2052 26,483,000  745,114,000  10,529,000  450,852,000  


35 2053 26,597,000  771,711,000  10,291,000  461,143,000  


36 2054 26,708,000  798,419,000  10,057,000  471,200,000  


37 2055 26,815,000  825,234,000  9,828,000  481,028,000  


38 2056 26,920,000  852,154,000  9,602,000  490,630,000  


39 2057 27,021,000  879,175,000  9,380,000  500,010,000  


40 2058 27,119,000  906,294,000  9,162,000  509,172,000  


41 2059 27,213,000  933,507,000  8,948,000  518,120,000  


42 2060 27,304,000  960,811,000  8,738,000  526,858,000  


43 2061 27,392,000  988,203,000  8,531,000  535,389,000  


44 2062 27,476,000  1,015,679,000  8,328,000  543,717,000  
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  Discount Rate: 0% Discount Rate: 2.75% 


# Year 
Annual Impact* 
(US$2017) 


Cumulative Impact 
(US$2017) 


Annual Impact* 
(US$2017) 


Cumulative Impact 
(US$2017) 


45 2063 27,557,000  1,043,236,000  8,129,000  551,846,000  


46 2064 27,634,000  1,070,870,000  7,934,000  559,780,000  


47 2065 27,708,000  1,098,578,000  7,742,000  567,522,000  


48 2066 27,778,000  1,126,356,000  7,554,000  575,076,000  


49 2067 27,845,000  1,154,201,000  7,369,000  582,445,000  


50 2068 27,908,000  1,182,108,000  7,188,000  589,638,000  


*Includes population growth and operations as assumed in the Ramp-Up Scenario 
All numbers are rounded to the nearest thousand 


 
Table 9 summarizes cumulative impacts from Year 0 to Year 50 for the lower values. 


Table 9. Annual and Cumulative Economic Costs from Mortality Risk for Lower  Values 


  Discount Rate: 0% Discount Rate: 2.75% 


# Year 
Annual Impact* 
(US$2017) 


Cumulative Impact 
(US$2017) 


Annual Impact* 
(US$2017) 


Cumulative Impact 
(US$2017) 


0 2018  -  -  -  - 


1 2019 407,000  407,000   396,000   396,000  


2 2020 821,000   1,228,000   778,000   1,174,000  


3 2021 2,081,000  3,309,000   1,918,000   3,092,000  


4 2022 2,104,000  5,413,000   1,887,000   4,979,000  


5 2023 2,125,000  7,538,000   1,856,000   6,835,000  


6 2024 3,435,000  10,973,000   2,919,000   9,754,000  


7 2025  3,469,000  14,442,000   2,869,000   12,623,000  


8 2026  3,501,000  17,943,000   2,818,000   15,441,000  


9 2027 3,533,000  21,476,000   2,768,000   18,209,000  


10 2028 3,922,000  25,398,000   2,990,000   21,199,000  


11 2029 3,958,000  29,356,000   2,937,000   24,136,000  


12 2030 3,993,000  33,349,000   2,883,000   27,019,000  


13 2031 4,028,000  37,377,000   2,831,000   29,850,000  


14 2032 4,061,000  41,438,000   2,778,000   32,628,000  


15 2033 4,095,000  45,533,000   2,726,000   35,354,000  


16 2034 4,127,000  49,660,000   2,674,000   38,028,000  


17 2035  4,158,000  53,818,000   2,622,000   40,650,000  


18 2036 4,186,000  58,004,000   2,569,000   43,219,000  
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  Discount Rate: 0% Discount Rate: 2.75% 


# Year 
Annual Impact* 
(US$2017) 


Cumulative Impact 
(US$2017) 


Annual Impact* 
(US$2017) 


Cumulative Impact 
(US$2017) 


19 2037 4,214,000  62,218,000   2,517,000   45,736,000  


20 2038 4,241,000  66,459,000   2,465,000   48,201,000  


21 2039 4,268,000  70,727,000   2,414,000   50,615,000  


22 2040 4,294,000  75,021,000   2,364,000   52,979,000  


23 2041 4,318,000  79,339,000   2,314,000   55,293,000  


24 2042 4,342,000  83,681,000   2,265,000   57,558,000  


25 2043 4,366,000  88,047,000   2,216,000   59,774,000  


26 2044 4,389,000  92,436,000   2,168,000   61,942,000  


27 2045 4,411,000  96,847,000   2,121,000   64,063,000  


28 2046 4,434,000  101,281,000   2,074,000   66,137,000  


29 2047 4,456,000  105,737,000   2,029,000   68,166,000  


30 2048 4,478,000  110,215,000   1,984,000   70,150,000  


31 2049 4,499,000  114,714,000   1,941,000   72,091,000  


32 2050 4,521,000  119,235,000   1,897,000   73,988,000  


33 2051 4,541,000  123,776,000   1,855,000   75,843,000  


34 2052 4,561,000  128,337,000   1,814,000   77,657,000  


35 2053 4,581,000  132,918,000   1,773,000   79,430,000  


36 2054 4,600,000  137,518,000   1,732,000   81,162,000  


37 2055 4,619,000  142,137,000   1,693,000   82,855,000  


38 2056 4,637,000  146,774,000   1,654,000   84,509,000  


39 2057 4,654,000  151,428,000   1,616,000   86,125,000  


40 2058 4,671,000  156,099,000   1,578,000   87,703,000  


41 2059 4,687,000  160,786,000   1,541,000   89,244,000  


42 2060 4,703,000  165,489,000   1,505,000   90,749,000  


43 2061 4,718,000  170,207,000   1,469,000   92,218,000  


44 2062 4,733,000  174,940,000   1,434,000   93,652,000  


45 2063 4,746,000  179,686,000   1,400,000   95,052,000  


46 2064 4,760,000  184,446,000   1,367,000   96,419,000  


47 2065 4,772,000  189,218,000   1,334,000   97,753,000  


48 2066 4,785,000  194,003,000   1,301,000   99,054,000  


49 2067 4,796,000  198,799,000   1,269,000   100,323,000  


50 2068 4,807,000  203,607,000   1,238,000   101,560,000  


*Includes population growth and operations as assumed in the Ramp-Up Scenario 
All numbers are rounded to the nearest thousand 
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The cumulative economic costs of increased respiratory, cardiovascular, and nervous 
system deaths due to Proposed Action increases in PM2.5 emissions are presented 
as a range of values here, based on the lower and higher emissions scenarios 
presented here.  With the lower emissions scenario, the costs sums up to 
$203,607,000 when calculated with a 0% discount rate and to $101,560,000 when 
calculated with a 2.75% discount rate. With the higher emissions scenario, costs 
total $1.18 billion when calculated with a 0% discount rate and $590 million when 
calculated with a 2.75% discount rate. These damages reflect somewhere between 
20 to 118 premature deaths over 50 years.  


e) Scenario Analysis: Cancer Risk Impact 
A separate analysis was conducted for expected increases in lung cancer rates for 
cancer treatment, attributable to diesel particulate matter (DPM) associated with 
the Proposed Action based on data from the FEIS. The impact is calculated 
separately because it was assessed in a different temporal horizon and cost unit. 
Therefore, to present results transparently and account for different temporal 
assumptions on cancer incidence, this impact is presented as a scenario analysis. 
Cancer impacts are valued in terms of medical treatment costs for surviving patients, 
and not in terms of their cost as a mortality risk, and they are expected to play out 
15 to 70 years into the future.  


 
Lung cancer incidence impacts were studied in the FEIS, through an inhalation-only 
health risk assessment performed using the AERMOD dispersion model. The area of 
impact was identified with contour lines around the terminal and on both sides of the 
train tracks. Different contour lines indicate different risks of developing lung 
cancer, which range from 50 cancers per million people exposed at higher 
concentrations to 1 cancer per million exposed to lower concentrations. The area 
around the terminal has a specific boundary for the increased risk of 1 cancer per 
million, which extends across the width of the Columbia River and approximately 4 miles 
west of the Proposed Action area and approximately 2.5 miles east of it. For the 
predicted increased risk of 10 cancers per million along the BNSF main line, the contour 
line was approximately 2 miles across throughout Cowlitz County. The contour for 
increased risk of 30 cancers per million extends approximately 0.5 mile across (or 0.25 
mile on either side of the main line), as described in the FEIS.   
 
The population exposed within the different lung cancer incidence contour lines was 
estimated to include 42,163 drivers’ licenses as illustrated in  
Figure 2 (Cowlitz County and DOH, 2017). Extrapolating to account for the population 
without drivers’ licenses, using the same proportion of Washington State’s number of 
licensed drivers (Statista, 2018) to the State’s total population (U.S. Census Bureau, 
2017), resulted in an estimated number of people exposed in Cowlitz County of 54,472.  
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Cancer incidence was then calculated based on the delineation of each risk contour line 
and the population within that area, as summarized in Table 10.  


Figure 2. Map of Cancer Risk Contour Lines in Washington State


 


Table 10. Estimated Lung Cancer Rate Increase within Different Contour Lines in Cowlitz County* 


Cancer Per 
Million People 
Contour 


Buffer Size 
from train track 


Population Cowlitz 
(drivers license 
holders)* 


All population 
Cowlitz County 
(extrapolated) 


Number of 
Cancer Cases at 
Year 70 


Contour 50 Not Applicable  9   12  0.000581372 


Contour 30 0.25-mile buffer  4,734   6,116  0.183481112 


Contour 10 1-mile buffer  37,420   48,344  0.483443402 


Sum All Contours   42,163   54,472  0.667505886 


*Source: HIA 2017 


 
Contour lines for incidence along train tracks in Cowlitz County were replicated to model 
exposure from train emissions along train tracks in the rest of Washington State along 
BNSF main lines. Using the 2-mile-across contour line for the risk of 10 cancers per 
million, the estimated population exposed in Washington State would amount to 
495,622 people.  Of this population, 201,075 people would be exposed to the 30 cancers 
per million risk. Cancer impacts at the state level are summarized in Table 11. Overall,  
about 11 increased cancer diagnoses would be attributable to the project’s operations.  
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Table 11. Estimated Lung Cancer Rate Increase within Different Contour Lines 
in Washington State after 70 years 


Cancer Per Million 
People Contour 


Buffer Size from 
BNSF Main Line 


Population, 
Washington State 


Number 
of Cancer Cases 


Contour 30 0.25 mile 201,075  6.03225 


Contour 10 1 mile  495,622  4.95622 


Sum All Contours  696,697 10.98847 


 
The cost of every new cancer diagnosis is calculated as the cost of medical services, 
based on the NSCEP Cost of Illness Handbook (US EPA, 2007). These costs are broken 
down into an initial treatment cost of $40,000 (2017 USD) incurred over the first three 
months, maintenance costs per year of $18,000 (2017 USD), and a terminal treatment 
cost of $47,000. With an average life span of 10 years of survival after lung cancer 
diagnosis, these costs would amount to about $167,000 over ten years. Applying this 
value to the expected 10.9 cancer diagnoses attributable to the project in Washington 
State, the cost would amount to about $1.8 million (2017 USD).  
 
In the FEIS, lung cancer incidence is modeled at a 70-year time frame. Therefore, a 
conservative temporal horizon for this impact could assume that cancer incidence 
appears only after 70 years of exposure. It is likely that increased cancer incidence is a 
gradual process wherein some of the most vulnerable populations may be impacted 
earlier than that. The HIA for the Proposed Action states that “it typically takes about 15 
years of elevated exposure to diesel exhaust to develop lung cancer” (Cowlitz County 
and DOH, 2018, p.16). 
 
Due to the lack of data on the gradual increments of cancer incidence, and given that 
the FEIS presents this impact as a 70-year model, this impact is not added to the 
cumulative costs calculated in this section. 


 Primary Data Sources 


• Millennium Bulk Terminals-Longview SEPA Environmental Impact Statement. Section 
5.7 on Coal Dust (Cowlitz County and Ecology, 2017a)  


• Millennium Bulk Terminals-Longview SEPA Environmental Impact Statement. Section 
5.6 on Air Quality (Cowlitz County and Ecology, 2017b) 


• Millennium Bulk Terminals - Longview Health Impact Assessment (Draft) (Cowlitz 
County and DOH, 2017) 


• Millennium Bulk Terminals - Longview Health Impact Assessment (Final) (Cowlitz 
County and DOH, 2018 
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• Shapefiles generated by Washington’s Department of Ecology representing PM2.5 
concentration increases based on ICF modeling using EPA’s standard regulatory air 
dispersion model, AERMOD (Versions, 15181 & 16216r)  


o MBTL_Annual_PM25.ADO 


o MBTL_Rev_Cowlitz_County_3yrs_DPM_all.PLT 


o MBTL_Rev_Cowlitz_County_3yrs_DPM_fac.PLT 


o MBTL_Rev_Cowlitz_County_3yrs_DPM_mainline.PLT 


o MBTL_Rev_Cowlitz_County_3yrs_DPM_onsite.PLT 


o MBTL_Rev_Cowlitz_County_3yrs_DPM_reynold.PLT 


o MBTL_Rev_Cowlitz_County_3yrs_DPM_tugs.PLT 


• Jha and Muller (in press) 


• All citations are noted in the reference section of this chapter. 


 Data Limitations 


• Other impacts of air pollution such as morbidity costs and indirect costs such as 
lost/restricted activity days, hospitalization without death, premature birth, and 
social costs were not directly accounted for in this economic impact analysis.   


• Health damages from construction emissions are not included. 


• Not all PM2.5 modeled emissions data, associated with the Proposed Action, could 
be translated into concentration increases in this analysis in order to model 
mortality-risk impacts more comprehensively. This data gap was taken into 
consideration through the development of a higher emissions scenario.   


1.4 Results 


 Final Results and Discussion 
The HIA states there is increasing evidence that PM2.5 and PM10 are associated with 
multiple health impacts, such as strokes (Shah, Lee, McAllister, et al., 2015), 
development of type 2 diabetes (He, Wu, Zhao et al., 2017; Wang, Xu, Jing et al., 2014), 
neurological and cognitive impairment (Heusinkveld, Wahle, Campbell et al., 2016; Xu, 
Ha and Basnet, 2016), and poor birth outcomes like pre-term delivery or babies born 
with low birth weight (Lamichhane, Leem, Lee et al., 2015; Li, Huang, Jiao et al., 2017). 
 
Costs of health impacts are born on multiple levels, such as medical costs from 
increased hospitalization, medicinal treatment, and other medical care; loss of 
productivity from poor health; increased burden on informal care-takers; and reduced 
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quality of life; among others. In order to illustrate the economic cost of health impacts, 
mortality risk costs were used as a proxy, indicating the social value placed on avoiding 
premature mortality.  
 
The mortality risk cost associated with the increase in PM2.5 emissions generated by 
the Proposed Action is summarized in Table 12.  


Table 12. Summary of Economic Impact from Mortality Risk Costs due to PM2.5 


Impact Duration Discount Rate 


 0.00% 2.75% 


20 Year Impact (2019 - 2038)   


Low Value  $66,459,000                      $48,200,000                           


High Value  $385,852,000                             $279,843,000              


50 Year Impact (2019 - 2068)   


Low Value  $203,607,000                          $101,560,000                          


High Value $1,182,108,000                           $589,638,000                          


Rounded to the nearest thousand 


 
Health impacts also include an increased incidence of cancer rates within Washington 
State. About 11 new cancer diagnoses have been estimated to emerge from the 
Proposed Action at a cost of about $1.8 million (2017 USD) after 70 years of exposure. 


1.5 Opinion 
The Proposed Action will result in unavoidable air pollution emissions at the project site 
and along train routes. These emissions include hazardous fine particulate 
matter. Current epidemiological studies concerning the health impacts of fine 
particulate matter conclude that it is associated with increased mortality rates. Part of 
the impact to human health has been quantified in this analysis. From emissions 
data projected for the Proposed Action, health outcomes have been estimated, and a 
partial calculation of costs has been provided. These reflect the economic costs of 
increased mortality risks.   
 
The Proposed Action will emit both PM10 and PM2.5 particulates. Both are known to 
damage human health. Only damages related to PM2.5 within the immediate vicinity of 
the source were modeled for health impacts in this analysis. These particulates are 
highly mobile and damage health at greater distances than 1.5 miles from the terminal 
and 150 feet from the rail lines modeled. For example, a 2-mile buffer from the rail line 
increases the PM2.5 exposed population to 1.2million people, which is 65 times higher 
than the current buffer. Though there are many diseases and health costs related to 
PM2.5, only low and high damages for increased mortality were calculated.   
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Opinion 1: Health Costs and Air Quality 
It is my opinion, understanding data and modeling constraints, that the health costs of 
particulate emissions from the Proposed Action could be greater than the estimates of 
$589 million that was calculated with a 2.75% discount rate and $1.18 billion that was 
calculated with a discount rate of zero over 50 years.  
 
Opinion 2: Health Costs and Air Quality Higher Boundary 
The epidemiological evidence of the damaging effects of PM2.5 and PM10 continues to 
grow as the science expands. Studies from top medical journals state that there is no 
lower boundary of exposure to these small particulates, any exposure presents some 
health risks. The totality of potential hazards to human health is not yet fully 
understood. These particles can travel distances farther than those used in this analysis, 
and thus exposed population is likely far larger than estimated here. For these reasons, 
an upper boundary for the Proposed Project damages with regard to air quality and 
human health damages could not be estimated. 
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1.7 Appendices 


 Appendix A: Copies of Tables 5.7-6, 5.7-11, and 5.6-8 from the FEIS,  
with point estimates used highlighted in red 
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 Appendix B: Population Growth Adjustments  
 
Data Inputs:   


GIS data, Census Block Group – 2016 Population Estimates  


County Level Growth Management Act Population Projections 
<https://ofm.wa.gov/washington-data-research/population-demographics/population-
forecasts-and-projections/growth-management-act-county-projections/growth-
management-act-population-projections-counties-2010-2040-0>  
   
Process:  


Extracted 2017 – 2050 data for 15 impacted Counties (along proposed rail line) – 
Medium Series  


Calculated annual change in population for each year and county  


Average annual population growth across 15 impacted counties (1 value per year) for 
2017 – 2050 (span on data availability)  


Looked at change in growth rate over final 10 years of data (2041 – 2050), calculated 
average change (decrease) in population growth rate over those 10 years (0.014%).  


Applied this decrease in growth rate to the remaining analysis years for the 15 county 
average (2051 – 2068)  


Created summary with annual population growth rate per analysis year  
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 Additional Figures 


Figure 3. Cancer Risk Impact Area  


 


 


 


 


 


Left Intentionally Blank 


 


 


 


 







 
Reproduction of this publication for educational or other non-commercial purposes is authorized without prior 
written permission from the author, provided the source is fully acknowledged. Reproduction of this publication 
for resale or other commercial purposes is prohibited without prior written permission of the author.  


 


53 


Figure 4. Cancer Risk Impact Area Detail 
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2 Ecosystem Service Loss from Land Cover Change 


2.1 Introduction 
Ecosystems provide economic benefits. Wetlands absorb and purify water. Forests 
reduce runoff and flooding. Scrub-shrub areas provide habitat for wildlife. Many of 
these benefits are valuable to people, and there is a robust academic literature 
estimating the dollar value of some of these benefits. The Proposed Action will clear 
areas of wetlands, forest and other natural land cover types, and eliminate some of the 
benefits that these ecosystems currently provide.  
 
The Proposed Action will impact ecosystems within Cowlitz County and along the rail 
lines across Washington State. The causes of such ecosystem impacts that are 
associated with the Proposed Action include but are not limited to: 
 


• Emissions and dust from construction activities 


• Land clearing for the proposed docks 


• Disposal of dredged material in natural lands 


• Coal dust deposition from operations 


• Increased pollution emissions from rail traffic, marine vessels, and vehicles 


• Underwater noise impacts from construction and operations 


• Ballast water discharge 


• Physical and chemical management of vegetation and noxious weeds as part of the 
facility’s maintenance 


• Potential coal spills in terrestrial and aquatic ecosystems 


 
The economic impacts of ecosystem degradation can be estimated using ecosystem 
service values. Ecosystem services are the benefits that humans receive from nature, 
such as water filtration and air purification. There is no market for ecosystem services, 
in that they are not actively bought and sold. However, their value can be monetized 
using a variety of widely accepted economic best practices and methodologies for 
estimating such “non-market” values. While rigorous methods exist to effectively 
estimate these monetary values, the data to do so is incomplete. There is currently 
insufficient data available to quantify all of the identified environmental impacts and 
their respective risks and values. Data is still being collected on the impacts of coal 
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shipments in the Northwest, including a USGS science collaboration to acquire better 
data and studies (Oregon Water Science Center, 2018). In this chapter, only the impacts 
that are clearly quantified in the FEIS Section 4.6 (Cowlitz County and Ecology, 2017a) 
are monetized. This includes the permanent loss of terrestrial and aquatic ecosystems 
from clearing and grading activities during the construction phase. These direct impacts 
represent only a fraction of the ecosystems potentially impacted by the project. Thus, 
the estimated economic impacts to ecosystem services that are detailed in this report, 
while significant, are still underestimates. 


2.2 Methods 
The economic value of ecosystem services lost due to clearing and grading activities 
undertaken in the construction phase of the Proposed Action were estimated using a 
land-cover-based ecosystem service value framework. First, land cover loss at the 
Proposed Action construction site was identified. Then, peer-reviewed, academic 
estimates of annual, per-acre ecosystem service values for permanently lost land cover 
were estimated using the benefit transfer method (BTM). The total, permanent loss in 
ecosystem service value is presented as a yearly cost of the Proposed Action and a 
cumulative impact for fifty years.  


2.2.1 Frameworks and Definitions 
 
Natural Capital and Ecosystem Services: The planet’s stock of natural resources – like 
air, soil, plants, and animals – is known as natural capital. A forest is a natural capital 
asset that provides valuable goods, like timber, and services, like air quality 
improvement. Ecosystem services are the benefits that humans receive from nature, 
and their value is tied to the proper functioning of the ecosystems that produce them. 
When ecosystem function is degraded and services diminished or even lost, people 
might be exposed to greater risk (e.g. flooding) and to greater costs when the services 
that nature provides need to be replaced with costly, built alternatives. Therefore, this 
analysis requires an examination of the study area’s biophysical structures that allow 
ecosystem functions to occur, thus providing valuable goods and services.  
 
The Millennium Ecosystem Assessment (Millennium Ecosystem Assessment, 2005), The 
Economics of Ecosystems and Biodiversity (Pascual, Muradian, Brander et al., 2010), and 
economists like De Groot, Wilson and Boumans (2002) have established conceptual 
models for valuing natural capital and ecosystem goods and services, using a set of 21 
general ecosystem service categories. For a complete list of these 21 ecosystem service 
categories, see Appendix A.  
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Non-Market Valuation: Ecosystem services are non-market services, because they are 
not sold in traditional markets and thus do not have prices assigned to them, despite 
their considerable value. Because of this, non-market valuation methods are used to 
estimate their economic value. Non-market valuation methods rely on data collected on 
consumer preferences and information on ecological production functions. Numerous 
different methods of non-market valuation are widely accepted by economists and in 
the academic literature, and these are outlined in Appendix B.  
 
Benefit Transfer: Benefit transfer is a widely accepted valuation method that has been 
used for many decades in the ecosystem service valuation field. Authors such as 
Freeman (1984) have been conducting benefit transfer since the 1980s, and in the early 
1990s benefit transfer was broadly recognized as a distinct area of research (Johnston 
and Rosenberger, 2010; Rosenberger and Loomis, 2003). The benefit transfer method 
allows for the estimation of ecosystem service values without costly and time-intensive 
collection and analysis of primary data by transferring benefits (values), estimated in a 
previous study in a different location, to the area of interest, or target location. 


2.2.2 Analysis 
Clearing and grading would permanently alter or remove approximately 212 acres of 
land cover types from the Direct Impacts Study Area. The first step of the analysis was to 
determine affected land cover types. The majority of affected land (151 acres) would be 
developed land, which consists of industrial land with scattered grasses and weeds 
(Cowlitz County and Ecology, 2017a). The remaining land (61.14 acres) consists of 
various types of natural lands, such as forests, shrubs, and wetlands, as outlined in Table 
1 and Figure 1.  
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Table 1: Land cover Loss from Construction, from EIS Section 4.6 


Land Cover Vegetation Cover Area Lost to Proposed Action in Direct Study Area (acres) 


Developed land All Developed land 151.14 


Upland 


Forested  8.90 


Scrub-shrub  2.11 


Herbaceous  10.88 


Managed herbaceous  4.37 


Upland subtotal  26.26 


Wetlands  All wetlands 24.10 


Open water  All Open Water 10.78 


Total  212.28 


Source: Cowlitz County and Ecology, 2017a, Table 4.6-7. Permanent Impacts by Land Cover and Vegetation Cover 
Type in the Direct Impacts Study Area 


 


Figure 1. Land Cover Loss from Construction, as Outlined in FEIS Section 4.6 


 
Source: Cowlitz County and Ecology, 2017a. Pg. 4.6-19. Impacts on Existing Land Cover Classes 
and Vegetation Cover Types.  
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The framework used for this valuation examines the ecosystem services produced by 
each land cover type, or ecosystem. Permanent natural land cover losses noted in Table 
4.6-7 (FEIS) were mapped to National Land Cover Database (NLCD) classifications 
(National Land Cover Database, 2018). The mapping resulted in some minor 
reclassification: scrub/shrub, herbaceous, and managed herbaceous were aggregated 
under “shrub/scrub” (Table 2). 


Table 2. Natural Lands Lost due to Clearing and Grading 


Land Cover  Acres Lost 


Forests 8.9 


Shrub/Scrub 17.36 


Wetlands 24.1 


Open Water 10.78 


Source: Adjusted from Cowlitz County and Ecology, 2017a, Table 4.6-7  


 
Because an adequate mitigation plan has not been presented by MBTL to offset 
permanent loss of wetlands, wetland losses are included in this calculation. If a 
comprehensive mitigation plan was implemented and approved by the Washington 
State Department of Ecology, and it adhered to the no net loss in ecological 
functionality of the wetlands policy, all ecosystem services and their value for wetlands 
would be restored. Values for forestlands and other land cover types cleared from the 
site and not required to be mitigated would yet represent a damage, even if wetland 
loss was mitigated.  
 
Once land cover loss was determined, a collection of appropriate published ecosystem 
service valuation studies for each of the land cover types identified was created for 
conducting a benefit transfer valuation. A total of 40 studies were selected for their 
similarity to the land cover loss expected in the region of impact (the 61 acres of natural 
land in the direct impact area around the terminal). The studies were selected based on 
1) geographical proximity, 2) similarity in ecosystems, and 3) similarity in population 
characteristics. The full list of studies used in this valuation can be found in Appendix C. 
The 40 studies selected for this valuation contained 93 values across the different land 
cover types and ecosystem services. For each combination of land cover type and 
ecosystem service, there may be more than one study. Only the minimum value and the 
maximum value were used for each combination of land cover type and ecosystem 
services. The values used for this valuation and the studies that they were extracted 
from are presented in Appendix D. Partial losses and degradation could not be 
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monetarily valued with the land cover loss framework used for this valuation. Therefore, 
only permanent loss of natural land was included. 
 
For each combination of ecosystem service and land cover type valued in this analysis, a 
range of low and high values was used to estimate the economic cost of losing that type 
of land. When there are various studies for a given combination of ecosystem service 
(e.g. recreation) and land cover type (e.g. wetland), the analysis delivers a range of 
values. Variation in values may be due to each study focusing on different species, the 
wetlands being valued may be at different levels of ecosystem health/function, or the 
population benefiting from the recreation service may have different preferences about 
recreation, among other reasons. For each low and high value estimate, only one value 
for each general ecosystem service category was used. Values were not added for 
subcategories of ecosystem services. For example, if one study valued salmon habitat 
and another one valued general habitat, only one value for habitat was used. In some 
cases, subcategories were not specific enough to determine with certainty that they 
were exclusive. Therefore, for the sake of consistency and to avoid the risk of double 
counting, only one value for each general ecosystem service category was used. 


2.2.3 Major Data Sources 


• Millennium Bulk Terminals – Longview. SEPA Environmental Impact Statement, Vol I 
(Section 4.6), Vegetation (Cowlitz County and Ecology, 2017a).  


• Millennium Bulk Terminals – Longview. SEPA Environmental Impact Statement, Vol I 
(Section 4.3), Wetlands (Cowlitz County and Ecology, 2017b). 


• Earth Economics’ selection of primary valuation studies from the literature outlined 
in Appendix B to conduct the benefit transfer 


2.2.4 Data Limitations 
Given limited data and time to perform a primary ecosystem service valuation, which 
can take years to conduct and be very costly, secondary data was used to estimate the 
ecosystem service values lost due to the clearing of natural lands, as is the approach 
recommended in the academic literature (Rolfe, Johnston, Rosenberger et al., 2015). 
This secondary valuation was a simple unit value transfer, where values derived in 
similar locations were used to estimate the value of the same ecosystem at this study’s 
area of impact. It is possible that there are transfer errors in the application of this 
methodology, if the target transfer site is not identical to the original site where the 
study was conducted. Discrepancies of ecological attributes, populations, and the 
commensurability of ecosystem goods and services are documented sources for these 
types of errors (Kaul, Boyle, Kuminoff et al., 2013). Nevertheless, the benefit transfer 
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method has been found to provide reasonable approximations of ecosystem service 
values, when primary data is not available (Griffiths and Wheeler, 2005; Iovanna and 
Griffiths, 2006; Johnston and Rosenberger, 2010). 
 
It is also important to consider that there were many ecosystem services for which 
values were not available in the literature reviewed. Should those data gaps be filled, 
the land cover values would increase. Value estimates were not available for all of the 
ecosystem services provided by the natural land and aquatic habitat identified as 
impacted. In some cases, there were no values that met all criteria to be deemed as 
suitable for this valuation. For example, shrubs serve as habitat for some species of 
birds, terrestrial animals, and plants, however, there were transferable values for shrub 
habitat, because none met the criteria of this valuation. Such gaps result in no value 
being attributed to this ecosystem service, though one surely exists. Wetlands, forests, 
and aquatic systems provide habitat for at least 14 special status wildlife species, as 
identified in section 4.8 of the FEIS for this project. However, most of these special 
status species did not have exclusive valuation studies that could be used in this 
analysis. Therefore, there are many species and ecological functions that are not valued 
due to gaps in the valuation literature for this region.  
 
The extent of the data gaps that characterize this valuation is illustrated in Table 3. This 
table shows the land cover and ecosystem service combinations that could be valued 
(labeled “valued”), those that are present and valuable but could not be valued ( blank), 
and ecosystem services that are not applicable to the study area (labeled “N/A”).  


Table 3. Data Gaps and Values Available for this Benefit Transfer Valuation 


 Land Cover 


Ecosystem Service General Forests Shrub Water Wetlands 


Aesthetic Information   Valued Valued 


Air Quality Valued Valued 
  


Biological Control Valued Valued 
  


Climate Stability Valued 
   


Cultural Value   
   


Disaster Risk Reduction Valued Valued Valued Valued 


Energy and Raw Materials   
   


Habitat Valued 
 


Valued Valued 


Medicinal Resources   
   


Navigation  N/A N/A 
 


N/A 


Ornamental Resources   
   


Pollination & Seed Dispersal Valued Valued 
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 Land Cover 


Ecosystem Service General Forests Shrub Water Wetlands 


Recreation & Tourism Valued 
 


Valued Valued 


Science and Education    
   


Soil Formation Valued Valued 
  


Soil Retention Valued Valued 
 


Valued 


Soil Quality   
   


Water Capture, 
Conveyance, & Supply 


Valued 
  


Valued 


Water Quality Valued 
 


Valued Valued 


Water Storage Valued Valued Valued Valued 


 
The area of impact that was valued was limited to the direct impacts resulting in 
permanent losses as a result of clearing lands around the terminal. A larger area of 
aquatic habitat expected to be impacted and degraded could not be valued with the 
framework of this valuation.1 Also, natural lands (wetlands, aquatic, etc.) adjacent to the 
rail lines are expected to be impacted by coal dust and diesel particulate matter, among 
other substances (Washington Water Science Center, 2018). These indirect impacts 
from operations affect a much larger area, impacting ecosystem productivity and 
habitat.  
 
The risk of ecosystem service loss from vessel collisions and oil spills was not valued due 
to limited data availability on ecological function changes as a consequence of these 
events as well as on the predictability of the nature of these events. Nevertheless, there 
is a small risk that coal, oil, and other hazard substance spills could happen, having 
further impacts on the provisioning of ecosystem services. Ecosystems, like riparian 
areas and aquatic habitat, are many times fragile and susceptible to trickle down 
ecological effects arising from small stress events. 
 


                                                      
 
1 “Construction of the Proposed Action would result in the physical alteration or permanent loss of 
approximately 77.37 acres of aquatic habitat in the aquatic study area. Dredging to provide vessel access 
to Docks 2 and 3 would alter approximately 48 acres of benthic deepwater habitat and construction 
would result in the permanent loss of approximately of 5.17 acres of aquatic habitat (ditches and ponds) 
throughout the terrestrial habitats of the project area and 0.10 acre (4,312 square feet) of Columbia River 
bottom for the placement of 610 piles (7.07 square feet per pile multiplied by 610 piles).” (Cowlitz County 
and Ecology, 2017c, p. 4.8-21) 
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Finally, the increased risk of loss of ecological function arising from the introduction of 
invasive species, through ballast waters brought in by marine vessels, was also not 
quantified or valued.  
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2.3 Results 
The range of low and high values found for each ecosystem service in each land cover type is summarized in Table 4 and 
Appendix E. Values in the database are from studies conducted during different years. As is standard practice for bringing 
values established in different years to a common and most recent yearly value, values are all brought to 2017 dollars. 


Table 4. Ecosystem Service Values (2017$/acre/year) 


Land Cover Forests   Shrub/Scrub   Water   Wetlands 


Ecosystem Service General Min Max Min Max Min Max Min Max 


Aesthetic Information  $               -     $                 -     $        -     $             -     $        4.98   $    920.26   $       264.59   $ 1,296.12  


Air Quality  $          32.38   $       1,119.57   $     1.17   $          1.17   $           -     $           -     $              -      


Biological Control  $            1.77   $            12.31   $   38.60   $        38.60   $           -     $           -     $              -      


Climate Stability  $        604.59   $       1,198.26   $        -     $             -     $           -     $           -     $              -      


Disaster Risk Reduction  $        586.56   $          586.56   $   46.90   $        64.86   $      67.94   $    157.68   $    1,738.30   $ 7,755.81  


Habitat  $        106.84   $       3,934.25   $        -     $             -     $        3.45   $      18.63   $       113.48   $ 1,681.48  


Pollination & Seed Dispersal  $        207.67   $          651.39   $ 433.02   $      433.02   $           -     $           -     $              -      


General Recreation 
& Tourism  $          49.60   $          130.72   $        -     $             -     $    423.43   $24,550.07   $         69.45   $    597.57  


Recreational Fishing  $               -     $                 -     $        -     $             -     $        8.64   $        8.64   $              -      


Soil Formation  $            6.41   $              6.41   $     2.34   $          2.34   $           -     $           -     $              -      


Soil Retention  $          20.80   $          131.70   $     2.34   $        10.65   $           -     $           -     $           0.27   $        1.02  


Water Capture, 
Conveyance, & Supply  $            8.79   $          765.38   $        -     $             -     $           -     $           -     $       707.72   $19,203.31  


Water Quality  $          56.40   $          737.69   $        -     $             -     $    307.89   $    307.89   $       236.21   $11,231.22  


Water Storage  $          11.54   $          405.09   $   34.81   $      589.63   $        5.28   $        6.46   $    3,930.36   $ 4,808.76  


Total  $     1,693.35   $       9,679.33   $ 559.20   $   1,140.28   $    821.62   $25,969.63   $    7,060.37   $    46,575  
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Values were summed across general ecosystem service categories in order to derive an 
ecosystem service value for each land cover type. The low and high estimates of each 
ecosystem service resulted in a low and high estimate for each land cover type, 
presented in Table 5.  


Table 5: Summary of annual economic value, by land-cover type 


Land Cover Acres 
Total 2017 $per year 


Low High Low High 


Forests 
Upland  8.5 $1,693 $9,679 $14,224 $81,306 


Riparian 0.5 $1,693 $9,679 $846.67 $4,840 


Shrub  17.36 $559 $1,140 $9,708 $19,795 


Wetland  24.1 $7060 $46,575 $170,155 $1,122,464 


Open Water  10.78 $821 $25,970 $8,857 $279,953 


     $203,790 $1,508,358 


 


The loss of ecosystem services should be accounted for over the entire temporal horizon 
during which communities are prevented from receiving ecosystem services. For this 
analysis, cumulative impacts were calculated for fifty years after construction. 
Cumulative impacts are presented in Table 6.  


Table 6: Cumulative Values Based on High Values at a Zero and 2.75% Discount Rate 


Count   Year 
Annual Value 


0% discount 


Cumulative 


0% discount 


Annual Value 


2.75% discount 


Cumulative 


2.75% 


discount 


0 2018 $1,508,000  $1,508,000  $1,508,000  $1,508,000  


1 2019 $1,508,000  $3,017,000  $1,468,000  $2,976,000  


2 2020 $1,508,000  $4,525,000  $1,429,000  $4,405,000  


3 2021 $1,508,000  $6,033,000  $1,390,000  $5,796,000  


4 2022 $1,508,000  $7,542,000  $1,353,000  $7,149,000  


5 2023 $1,508,000  $9,050,000  $1,317,000  $8,466,000  


6 2024 $1,508,000  $10,559,000  $1,282,000  $9,748,000  


7 2025 $1,508,000  $12,067,000  $1,247,000  $10,995,000  


8 2026 $1,508,000  $13,575,000  $1,214,000  $12,209,000  


9 2027 $1,508,000  $15,084,000  $1,182,000  $13,391,000  


10 2028 $1,508,000  $16,592,000  $1,150,000  $14,541,000  


11 2029 $1,508,000  $18,100,000  $1,119,000  $15,660,000  


12 2030 $1,508,000  $19,609,000  $1,089,000  $16,749,000  
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Count   Year 
Annual Value 


0% discount 


Cumulative 


0% discount 


Annual Value 


2.75% discount 


Cumulative 


2.75% 


discount 


13 2031 $1,508,000  $21,117,000  $1,060,000  $17,809,000  


14 2032 $1,508,000  $22,625,000  $1,032,000  $18,841,000  


15 2033 $1,508,000  $24,134,000  $1,004,000  $19,845,000  


16 2034 $1,508,000  $25,642,000  $977,000  $20,822,000  


17 2035 $1,508,000  $27,150,000  $951,000  $21,773,000  


18 2036 $1,508,000  $28,659,000  $926,000  $22,699,000  


19 2037 $1,508,000  $30,167,000  $901,000  $23,600,000  


20 2038 $1,508,000  $31,676,000  $877,000  $24,477,000  


21 2039 $1,508,000  $33,184,000  $853,000  $25,330,000  


22 2040 $1,508,000  $34,692,000  $830,000  $26,160,000  


23 2041 $1,508,000  $36,201,000  $808,000  $26,968,000  


24 2042 $1,508,000  $37,709,000  $787,000  $27,755,000  


25 2043 $1,508,000  $39,217,000  $766,000  $28,521,000  


26 2044 $1,508,000  $40,726,000  $745,000  $29,266,000  


27 2045 $1,508,000  $42,234,000  $725,000  $29,991,000  


28 2046 $1,508,000  $43,742,000  $706,000  $30,696,000  


29 2047 $1,508,000  $45,251,000  $687,000  $31,383,000  


30 2048 $1,508,000  $46,759,000  $668,000  $32,052,000  


31 2049 $1,508,000  $48,267,000  $651,000  $32,702,000  


32 2050 $1,508,000  $49,776,000  $633,000  $33,335,000  


33 2051 $1,508,000  $51,284,000  $616,000  $33,951,000  


34 2052 $1,508,000  $52,793,000  $600,000  $34,551,000  


35 2053 $1,508,000  $54,301,000  $584,000  $35,135,000  


36 2054 $1,508,000  $55,809,000  $568,000  $35,703,000  


37 2055 $1,508,000  $57,318,000  $553,000  $36,256,000  


38 2056 $1,508,000  $58,826,000  $538,000  $36,794,000  


39 2057 $1,508,000  $60,334,000  $524,000  $37,317,000  


40 2058 $1,508,000  $61,843,000  $510,000  $37,827,000  


41 2059 $1,508,000  $63,351,000  $496,000  $38,323,000  


42 2060 $1,508,000  $64,859,000  $483,000  $38,805,000  


43 2061 $1,508,000  $66,368,000  $470,000  $39,275,000  


44 2062 $1,508,000  $67,876,000  $457,000  $39,732,000  


45 2063 $1,508,000  $69,384,000  $445,000  $40,177,000  


46 2064 $1,508,000  $70,893,000  $433,000  $40,610,000  


47 2065 $1,508,000  $72,401,000  $421,000  $41,032,000  
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Count   Year 
Annual Value 


0% discount 


Cumulative 


0% discount 


Annual Value 


2.75% discount 


Cumulative 


2.75% 


discount 


48 2066 $1,508,000  $73,910,000  $410,000  $41,442,000  


49 2067 $1,508,000  $75,418,000  $399,000  $41,841,000  


50 2068 $1,508,000  $76,926,000  $389,000  $42,230,000  


      


 
 
Using the high-range yearly value and a zero percent discount rate over fifty years of 
operations, cumulative economic impacts amount to nearly $77 million ($2017).  Results 
vary considerably with the use of different estimates along the range of values derived 
for each land cover type. They are also highly sensitive to the discount rate. Table 7 
summarizes these results using low and high estimates.  
 


Table 7. Cumulative values, Low, high, mid estimates 
at year 20 and year 50, using 0% and 2.75% discount rates  


Temporal Horizon 
0% Discount 2.75% Discount 


 Low  High  Low High  


50 years $10,393,000 $76,926,000  $5,706,000 $42,230,000  


20 years $4,280,000 $31,676,000  $3,307,000 $24,477,000  


Source: Earth Economics Calculations  


2.3.1 Discussion of Results 
Ecosystem services losses represent impacts on social welfare, much of which is 
obtained outside markets. Non-market valuation methods are used to estimate their 
value in monetary units, representing what their replacement cost would be or what 
society would be willing to pay for the same services within a market setting.  
 
The loss of ecosystem services through the clearing of 61.14 acres of natural lands 
during construction results in a loss of the benefits provided by nature to nearby 
communities. These include services like water regulation, air quality improvement, 
flood risk reduction, enhanced recreation opportunities, and habitat for fish species, 
among other valuable benefits. Using the benefit transfer method, this analysis 
estimates the cost of these losses at about $1.5 million ($2017) per year, which total 
$31.6 million after 20 years and nearly $77 million after 50 years of operation, using a 
zero percent discount rate and the high range values.  
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2.4 Opinion 
The benefits of natural systems, such as wetland, forests, rivers, riparian areas are well 
known, and their economic values well understood. Many of these values are 
nonmarket and public values, such as wetlands absorbing water and reducing 
downstream flooding.  
 
The valuation methodology applied here is widely accepted, well referenced in the 
academic journal literature, adopted by federal, state and local agencies and utilized by 
private firms.   
 
GIS information was utilized identifying the natural lands to be cleared and river area 
affected by the Proposed Action. Ecosystem services, such as habitat, water storage and 
water quality were identified for these lands. Finally, published dollar values per acre 
were used to establish the lost value as wetlands, forest lands, or river areas were 
cleared or otherwise impacted.  
 
Additional values identified as present and valuable on the site impacted by the 
Proposed Action did not have sufficient data to support a monetary value estimate. For 
example, forested areas provide aesthetic value, scrub/shrub areas provide habitat and 
river areas provide water conveyance, yet these and many other values present were 
not monetized.  
 
Opinion 1: The Value of Lost Ecosystem Services 
Utilizing well-accepted economic methods, and published ecosystem service values, it is 
my opinion that an underestimate of the true value of ecosystem services lost due to 
Proposed Action land clearing and riverine impacts is $1.5 million in annual damages 
and $76.9 million over a 50-year period at a zero discount rate, and $42.2 million at a 
2.75% discount rate over 50 years.  
 
Opinion 2: The Value of Lost Ecosystem Services 
More than 20 ecosystem services present and impacted by the Proposed Action could 
not be valued. For these reasons, an upper boundary for the Proposed Project 
damages with regard to lost ecosystem services could not be estimated.  
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2.6 Appendices 


2.6.1 Appendix A: Categories of Ecosystem Services 


Good/Service Economic Benefit to People 


Provisioning Services 


Food Producing crops, fish, game, and fruits 


Medicinal Resources Providing traditional medicines, pharmaceuticals, and assay organisms 


Ornamental Resources 
Providing resources for clothing, jewelry, handicrafts, worship, and 
decoration 


Energy and Raw 
Materials 


Providing fuel, fiber, fertilizer, minerals, and energy 


Water Storage 
The quantity of water held by a water body (surface or ground water) 
and its capacity to provide water supply reliability.  
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Good/Service Economic Benefit to People 


Regulating Services 


Air Quality Providing clean, breathable air 


Biological Control Providing pest and disease control 


Climate Stability 
Supporting a stable climate at global and local levels through carbon 
sequestration and other processes 


Disaster Risk Reduction 
Preventing and mitigating natural hazards such as floods, hurricanes, 
fires, and droughts 


Pollination and Seed 
Dispersal 


Pollination of wild and domestic plant species 


Soil Formation 
Creating soils for agricultural and ecosystems integrity; maintenance of 
soil fertility 


Soil Quality 
Improving soil quality by decomposing human and animal waste and 
removing pollutants 


Soil Retention Retaining arable land, slope stability, and coastal integrity 


Water Quality 
Improving water quality by decomposing human and animal waste and 
removing pollutants 


Water Capture, 
Conveyance, and Supply 


Providing natural irrigation, drainage, groundwater recharge, river 
flows, drinking water supply, and water for industrial use. 


Navigation 
Maintaining water depth that meets draft requirements for recreational 
and commercial vessels 


Supporting Services 


Habitat and Nursery 
Maintaining genetic and biological diversity, the basis for most other 
ecosystem functions; promoting growth of commercially harvested 
species 


Information Services 


Aesthetic Information 
Enjoying and appreciating the presence, scenery, sounds, and smells of 
nature 


Cultural Value 
Using nature as motifs in art, film, folklore, books, cultural symbols, 
architecture, media, and for religious and spiritual purposes 


Recreation and Tourism Experiencing the natural world and enjoying outdoor activities 


Science and Education Using natural systems for education and scientific research 
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2.6.2 Appendix B:  Primary Valuation Methods for Ecosystem Services 


Method Description 


Market Value (M) The value that an ecosystem good is sold for in a market.  


Avoided Cost (AC) 
The value of costs avoided that would have been incurred in the absence 
of particular ecosystem services. Example: The hurricane protection that is 
provided by barrier islands avoids property damages along coastlines. 


Replacement Cost (RC) 
The cost of replacing ecosystem services with man-made systems. 
Example: Natural water filtration is replaced with a costly man-made 
filtration plant. 


Factor Income (FI) 
The enhancement of income by ecosystem service provision. Example: 
Water quality improvements increase commercial fisheries catch and 
thereby also the incomes of fishermen. 


Travel Cost (TC) 


The cost of travel required to consume or enjoy ecosystem services. 
Travel costs can reflect the implied value of the service. Example: 
Recreational areas attract tourists. The value they place on that area 
must, at a minimum, be at least the price they were willing to pay to 
travel to it. 


Hedonic Pricing (HP) 


The reflection of service demand in the varying prices people will pay for 
associated goods. Example: Housing prices of properties in close proximity 
to recreational areas can be higher than those that are farther from these 
areas.   


Contingent Valuation 
(CV) 


The value for service demand elicited by posing hypothetical scenarios 
that involve some valuation of land use alternatives. Example: People 
would be willing to pay for increased wetland restoration, as expressed 
through surveys. 


Group Valuation (GV) 


Discourse-based contingent valuation, which is conducted by bringing 
together a group of stakeholders to discuss values in order to determine 
society’s willingness to pay. Example: Government, citizen’s groups, and 
businesses come together to determine the value of an area and the 
services it provides. 
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2.6.3 Appendix C: Bibliography for All Studies Used for the Longview Valuation 


Allen, J., Cunningham, M., Greenwood, A., Rosenthal, L. 1992. The Value of California’s 
Wetlands: An Analysis of their Economic Benefits. The Campaign to Save California 
Wetlands.  


Anielski, M., Wilson, S. J. 2005. Counting Canada’s Natural Capital: Assessing the Real 
Value of Canada’s Boreal Ecosystems.  :   


Bouwes, N. W., Scheider, R. 1979. Procedures in estimating benefits of water quality 
change. American Journal of Agricultural Economics 61(3):   


Brander, L. M., Brouwer, R., Wagtendonk, A. 2013. Economic valuation of regulating 
services provided by wetlands in agricultural landscapes: A meta-analysis. Ecological 
Engineering 56: 89-96.  


Colby, B. G., Smith-Incer, E. 2005. Visitor Values and Local Economic Impacts of Riparian 
Habitat Preservation: California's Kern River Preserve. Journal of the American Water 
Resources Association 41(3): 709-717.  


Costanza, R., Wilson, M., Troy, A., Voinov, A., Voinov, A., Liu, S., D'Agostino, J. 2006. The 
Value of New Jersey's Ecosystem Services and Natural Capital.  :   


Delfino, K., Skuja, M., Albers, D. 2007. Economic Oasis: Revealing the True Value of the 
Mojave Desert.   


Gregory, R., Wellman, K. F. 2001. Bringing stakeholder values into environmental policy 
choices: a community-based estuary case study. Ecological Economics 39: 37-52.  


Hovde, B., Leitch, J. A. 1994. Valuing Prairie Potholes: Five Case Studies. North Dakota 
State University.  


Ingraham, M. W., Fostera, S.  . 2008. The value of ecosystem services provided by the 
U.S. National Wildlife Refuge System in the contiguous U.S. Ecological Economics 67: 
608-618.  


Jordan, S. J., O’Higgins, T., Dittmar, J. A. 2012. Ecosystem Services of Coastal Habitats 
and Fisheries: Multiscale Ecological and Economic Models in Support of Ecosystem-
Based Management . Marine and Coastal Fisheries 4: 573-586.  


Kline, J. D., Alig, R. J., Johnson, R. L. 2000. Forest owner incentives to protect riparian 
habitat. Ecological Economics 33: 29-43.  
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Kulshreshtha, S. N., Gillies, J. A. 1993. Economic Evaluation of Aesthetic Amenities: A 
Case Study of River View. Water Resources Bulletin 29(2): 257-266.  


Leschine, T. M., Wellman, K. F., Green, T. H. 1997. The Economic Value of Wetlands: 
Wetlands’ Role in Flood Protection in Western Washington. Washington State 
Department of Ecology – Northwest Regional Office.  


Loomis, J. B. 2002. Quantifying Recreation Use Values from Removing Dams and 
Restoring Free-Flowing Rivers: A Contingent Behavior Travel Cost Demand Model for the 
Lower Snake River. Water Resources Research 38(6): 2-2.  


McKean, J. R., Johnson, D. M., Taylor, R. G. 2012. Three approaches to time valuation in 
recreation demand: A study of the Snake River recreation area in eastern Washington. 
Journal of Environmental Management 112: 321-329.  


McPherson, E. G. 1992. Accounting for benefits and costs of urban greenspace. 
Landscape and Urban Planning 22: 41-51.  


McPherson, E. G., Muchnick, J. 2005. Effects of Street Tree Shade on Asphalt Concrete 
Pavement Performance. Journal of Arboriculture 31(6): 303-310.  


McPherson, E. G., Scott, K. I., Simpson, R. D. 1998. Estimating cost effectiveness of 
residential yard trees for improving air quality in Sacramento, California, using existing 
models. Atmospheric Environment 31(1): 75-84.  


McPherson, E. G., Simpson, J. R., Peper, P. J., Xiao, Q. 1999. Benefit-Cost Analysis of 
Modesto's Municipal Urban Forest. Journal of Arboriculture 25(5): 235-248.  


McPherson, E. G., Simpson, R. D. 2002. A Comparison of Municipal Forest Benefits and 
Costs in Modesto and Santa Monica, California, USA. Urban Forestry & Urban Greening 
1(2): 61-74.  


Pimentel, D. 1998. Economic and Environmental Benefits of Biological Diversity in the 
State of Maryland. Therres, Glenn D (ed.) Maryland Department of Natural Resources .  


Pimentel, D., Wilson, C., McCullum, C., Huang, J., Paulette, D., Flack, J., Tran, Q., 
Saltman, T., Cliff, B. 1997. Economic and Environmental Benefits of Biodiversity. 
BioScience 47(11): 747-756.  


Piper, S. 1997. Regional Impacts and Benefits of Water-Based Activities: An Application 
in the Black Hills Region of South Dakota and Wyoming. Impact Assessment 15(4): 335-
359.  
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Qiu, Z., Prato, T., Boehm, G. 2006. Economic Valuation of Riparian Buffer and Open 
Space in a Suburban Watershed. Lanfear, Kenneth J (ed.) Journal of the American Water 
Resources Association 42(6): 1583-1596.  


Richardson, R. B. 2005. The Economic Benefits of California Desert Wildlands: 10 Years 
Since the California Desert Protection Act of 1994. The Wilderness Society.  


Schmidt, J. P., Moore, R. G., Alber, M. 2014. Integrating ecosystem services and local 
government finances into land use planning: A case study from coastal Georgia. 
Landscape and Urban Planning 122: 56-67.  


Sengupta, S., Osgood, D. E. 2003. The Value of Remoteness: a hedonic estimation of 
ranchette prices. Ecological Economics 44(1): 91-103.  


Swanson, C. S., Loomis, J. B. 1996. Role of Nonmarket Economic Values in Benefit-Cost 
Analysis of Public Forest Management. United States Forest Service (USFS).  


Thibodeau, F. R., Ostro, B. D. 1981. An economic analysis of wetland protection. Journal 
of Environmental Management 12: 19-30.  


Walls, T. 2011. Appendix C: Salmon Productivity Calculations for Smith Island 
Restoration Project. Snohomish County Public Works.  


Wang, Y., Neupane, A., Vickers, A., Klavins, T., Bewer, R. 2011. Ecosystem Services 
Approach Pilot on Wetlands. Alberta Environment and Sustainable Resource 
Development.  


Wilson, S. J. 2008. Ontario's wealth, Canada's future: Appreciating the value of the 
Greenbelt's eco-services.  :   


Wilson, S. J. 2010. Natural Capital in BC's Lower Mainland: Valuing the Benefits from 
Nature.  :   


Woodward, R., Wui, Y. 2001. The economic value of wetland services: a meta-analysis. 
Ecological Economics 37(2): 257-270.  


Wu, J., Skelton-Groth, K. 2002. Targeting conservation efforts in the presence of 
threshold effects and ecosystem linkages. Ecological Economics 42(1-2): 313-331.  


Xu, B. 2007. An Hedonic Analysis of Southwestern Louisiana Wetland Prices Using GIS. 
Louisiana State University.  
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Yoo, J., Simonit, S., Connors, J. P., Kinzig, A. P., Perrings, C. 2014. The valuation of off-site 
ecosystem service flows: Deforestation, erosion and the amenity value of lakes in 
Prescott, Arizona. Ecological Economics 97: 74-83.  


Zavaleta, E. 2000. The Economic Value of Controlling an Invasive Shrub. Ambio: A 
Journal of the Human Environment 29(8): 462-467.  


Zhongwei, L. 2006. Water Quality Simulation and Economic Valuation of Riparian Land-
Use Changes. University of Cincinnatti. 


2.6.4 Appendix D: Values Used for this Benefit Transfer 
with their Respective References in 2016$ 


Land Cover Ecosystem 
Service 
General 


Full Reference Min Value Max Value 


Forests Air Quality McPherson, E. G., Scott, K. I., Simpson, R. D. 
1998. Estimating cost effectiveness of 
residential yard trees for improving air quality 
in Sacramento, California, using existing 
models. Atmospheric Environment 31(1): 75-
84. 


 $        31.64   $       31.64  


    McPherson, E. G., Simpson, J. R., Peper, P. J., 
Xiao, Q. 1999. Benefit-Cost Analysis of 
Modesto's Municipal Urban Forest. Journal of 
Arboriculture 25(5): 235-248. 


 $    1,093.97   $  1,093.97  


          


  Biological 
Control 


Pimentel, D., Wilson, C., McCullum, C., Huang, 
J., Paulette, D., Flack, J., Tran, Q., Saltman, T., 
Cliff, B. 1997. Economic and Environmental 
Benefits of Biodiversity. BioScience 47(11): 
747-756. 


 $          1.73   $         1.73  


    Pimentel, D. 1998. Economic and 
Environmental Benefits of Biological Diversity 
in the State of Maryland. Therres, Glenn D 
(ed.) Maryland Department of Natural 
Resources. 


 $          1.81   $       12.03  


          


  Climate 
Stability 


McPherson, E. G. 1992. Accounting for 
benefits and costs of urban greenspace. 
Landscape and Urban Planning 22: 41-51. 


 $    1,170.86   $  1,170.86  


    McPherson, E. G., Muchnick, J. 2005. Effects 
of Street Tree Shade on Asphalt Concrete 


 $       590.77   $     590.77  
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Land Cover Ecosystem 
Service 
General 


Full Reference Min Value Max Value 


Pavement Performance. Journal of 
Arboriculture 31(6): 303-310. 


          


  Disaster Risk 
Reduction 


Wilson, S. J. 2010. Natural Capital in BC's 
Lower Mainland: Valuing the Benefits from 
Nature. 


 $       573.15   $     573.15  


          


  Habitat Kline, J. D., Alig, R. J., Johnson, R. L. 2000. 
Forest owner incentives to protect riparian 
habitat. Ecological Economics 33: 29-43. 


 $104.39   $131.63  


    Wu, J., Skelton-Groth, K. 2002. Targeting 
conservation efforts in the presence of 
threshold effects and ecosystem linkages. 
Ecological Economics 42(1-2): 313-331. 


 $       176.72   $  3,844.29  


          


  Pollination 
& Seed 
Dispersal 


Costanza, R., Wilson, M., Troy, A., Voinov, A., 
Voinov, A., Liu, S., D'Agostino, J. 2006. The 
Value of New Jersey's Ecosystem Services and 
Natural Capital.   


 $       202.92   $     202.92  


    Wilson, S. J. 2010. Natural Capital in BC's 
Lower Mainland: Valuing the Benefits from 
Nature.   


 $       636.49   $     636.49  


          


  Recreation 
& Tourism 


Wilson, S. J. 2008. Ontario's wealth, Canada's 
future: Appreciating the value of the 
Greenbelt's eco-services.  :  


 $       127.73   $     127.73  


    Wilson, S. J. 2010. Natural Capital in BC's 
Lower Mainland: Valuing the Benefits from 
Nature.  :  


 $        48.46   $       48.46  


          


  Soil 
Formation 


Costanza, R., Wilson, M., Troy, A., Voinov, A., 
Voinov, A., Liu, S., D'Agostino, J. 2006. The 
Value of New Jersey's Ecosystem Services and 
Natural Capital.  :  


 $          6.26   $         6.26  


          


  Soil 
Retention 


Yoo, J., Simonit, S., Connors, J. P., 
Kinzig, A. P., Perrings, C. 2014. The 
valuation of off-site ecosystem service 


 $        
20.32  


 $     
128.69  
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Land Cover Ecosystem 
Service 
General 


Full Reference Min Value Max Value 


flows: Deforestation, erosion and the 
amenity value of lakes in Prescott, 
Arizona. Ecological Economics 97: 74-
83. 


          


  Water 
Capture, 
Conveyance, 
& Supply 


McPherson, E. G. 1992. Accounting for 
benefits and costs of urban greenspace. 
Landscape and Urban Planning 22: 41-51. 


 $          8.59   $         8.59  


    McPherson, E. G., Simpson, J. R., Peper, P. J., 
Xiao, Q. 1999. Benefit-Cost Analysis of 
Modesto's Municipal Urban Forest. Journal of 
Arboriculture 25(5): 235-248. 


 $       397.30   $     747.87  


          


  Water 
Quality 


Costanza, R., Wilson, M., Troy, A., Voinov, A., 
Voinov, A., Liu, S., D'Agostino, J. 2006. The 
Value of New Jersey's Ecosystem Services and 
Natural Capital.   


 $55.11   $55.11  


    Wilson, S. J. 2010. Natural Capital in BC's 
Lower Mainland: Valuing the Benefits from 
Nature.  :  


 $       720.83   $     720.83  


          


  Water 
Storage 


Costanza, R., Wilson, M., Troy, A., Voinov, A., 
Voinov, A., Liu, S., D'Agostino, J. 2006. The 
Value of New Jersey's Ecosystem Services and 
Natural Capital.   


 $        11.27   $     395.82  


          


          


Shrub/Scrub Air Quality Delfino, K., Skuja, M., Albers, D. 2007. 
Economic Oasis: Revealing the True Value of 
the Mojave Desert.  


 $          1.15   $         1.15  


          


  Biological 
Control 


Wilson, S. J. 2008. Ontario's wealth, Canada's 
future: Appreciating the value of the 
Greenbelt's eco-services.  :  


 $        37.72   $       37.72  


          


  Disaster Risk 
Reduction 


Zavaleta, E. 2000. The Economic Value of 
Controlling an Invasive Shrub. Ambio: A 


 $        45.83   $       63.38  
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Land Cover Ecosystem 
Service 
General 


Full Reference Min Value Max Value 


Journal of the Human Environment 29(8): 
462-467. 


          


  Pollination 
& Seed 
Dispersal 


Wilson, S. J. 2008. Ontario's wealth, Canada's 
future: Appreciating the value of the 
Greenbelt's eco-services.  :  


 $       423.12   $     423.12  


          


  Soil 
Formation 


Wilson, S. J. 2008. Ontario's wealth, Canada's 
future: Appreciating the value of the 
Greenbelt's eco-services.  :  


 $          2.29   $         2.29  


          


  Soil 
Retention 


Richardson, R. B. 2005. The Economic Benefits 
of California Desert Wildlands: 10 Years Since 
the California Desert Protection Act of 1994. 
The Wilderness Society. 


 $        10.41   $       10.41  


    Wilson, S. J. 2008. Ontario's wealth, Canada's 
future: Appreciating the value of the 
Greenbelt's eco-services.  :  


 $          2.29   $         2.29  


          


  Water 
Storage 


Zavaleta, E. 2000. The Economic Value of 
Controlling an Invasive Shrub. Ambio: A 
Journal of the Human Environment 29(8): 
462-467. 


 $        34.02   $     576.15  


          


          


Water Aesthetic 
Information 


Kulshreshtha, S. N., Gillies, J. A. 1993. 
Economic Evaluation of Aesthetic Amenities: 
A Case Study of River View. Water Resources 
Bulletin 29(2): 257-266. 


 $        32.56   $     899.22  


    Sengupta, S., Osgood, D. E. 2003. The Value of 
Remoteness: a hedonic estimation of 
ranchette prices. Ecological Economics 44(1): 
91-103. 


 $          4.87   $         4.87  


          


  Disaster Risk 
Reduction 


Costanza, R., Wilson, M., Troy, A., Voinov, A., 
Voinov, A., Liu, S., D'Agostino, J. 2006. The 
Value of New Jersey's Ecosystem Services and 
Natural Capital.  :  


 $        66.39   $     154.07  
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Land Cover Ecosystem 
Service 
General 


Full Reference Min Value Max Value 


          


   Habitat Jordan, S. J., O’Higgins, T., Dittmar, J. A. 2012. 
Ecosystem Services of Coastal Habitats and 
Fisheries: Multiscale Ecological and Economic 
Models in Support of Ecosystem-Based 
Management . Marine and Coastal Fisheries 
4: 573-586. 


 $          3.37   $       18.21  


          


  Recreation 
& Tourism 


Piper, S. 1997. Regional Impacts and Benefits 
of Water-Based Activities: An Application in 
the Black Hills Region of South Dakota and 
Wyoming. Impact Assessment 15(4): 335-359. 


  


$ 627.97   


  


$ 627.97   


    Loomis, J. B. 2002. Quantifying Recreation Use 
Values from Removing Dams and Restoring 
Free-Flowing Rivers: A Contingent Behavior 
Travel Cost Demand Model for the Lower 
Snake River. Water Resources Research 38(6): 
2-2. 


 $  
23,988.73  


 
$23,988.73  


 Recreational 
Fishing 


Lew, D. K., Larson, D. M. 2011. A Repeated 
Mixed Logit Approach to Valuing a Local Sport 
Fishery: The Case of Southeast Alaska Salmon. 
Land Economics 87(4): 712-729. 


$   8.45  


 


$  8.45  


 


          


  Water 
Quality 


Bouwes, N. W., Scheider, R. 1979. Procedures 
in estimating benefits of water quality 
change. American Journal of Agricultural 
Economics 61(3):  


 $       300.85   $     300.85  


          


  Water 
Storage 


Delfino, K., Skuja, M., Albers, D. 2007. 
Economic Oasis: Revealing the True Value of 
the Mojave Desert.  


 $         5.16   $6.31  


          


Wetlands Aesthetic 
Information 


Qiu, Z., Prato, T., Boehm, G. 2006. Economic 
Valuation of Riparian Buffer and Open Space 
in a Suburban Watershed. Lanfear, Kenneth J 
(ed.) Journal of the American Water 
Resources Association 42(6): 1583-1596. 


 $       258.54   $  1,266.49  
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Land Cover Ecosystem 
Service 
General 


Full Reference Min Value Max Value 


  Disaster Risk 
Reduction 


Leschine, T. M., Wellman, K. F., Green, T. H. 
1997. The Economic Value of Wetlands: 
Wetlands’ Role in Flood Protection in Western 
Washington. Washington State Department of 
Ecology – Northwest Regional Office. 


 $    1,698.55   $  7,755.81  


          


  Habitat Jordan, S. J., O’Higgins, T., Dittmar, J. A. 2012. 
Ecosystem Services of Coastal Habitats and 
Fisheries: Multiscale Ecological and Economic 
Models in Support of Ecosystem-Based 
Management . Marine and Coastal Fisheries 
4: 573-586. 


 $       358.69   $  1,681.48  


    Gregory, R., Wellman, K. F. 2001. Bringing 
stakeholder values into environmental policy 
choices: a community-based estuary case 
study. Ecological Economics 39: 37-52. 


 $278.85   $418.28  


          


  Recreation 
& Tourism 


Anielski, M., Wilson, S. J. 2005. Counting 
Canada’s Natural Capital: Assessing the Real 
Value of Canada’s Boreal Ecosystems.   


 $     67.86   $  271.43   


    Wang, Y., Neupane, A., Vickers, A., Klavins, T., 
Bewer, R. 2011. Ecosystem Services Approach 
Pilot on Wetlands. Alberta Environment and 
Sustainable Resource Development. 


  


$   597.57   


$    597.57   


          


  Soil 
Retention 


Hovde, B., Leitch, J. A. 1994. Valuing Prairie 
Potholes: Five Case Studies. North Dakota 
State University. 


 $          0.26   $         1.02  


          


  Water 
Capture, 
Conveyance, 
& Supply 


Brander, L. M., Brouwer, R., Wagtendonk, A. 
2013. Economic valuation of regulating 
services provided by wetlands in agricultural 
landscapes: A meta-analysis. Ecological 
Engineering 56: 89-96. 


$   691.54    $  691.54   


    Thibodeau, F. R., Ostro, B. D. 1981. An 
economic analysis of wetland protection. 
Journal of Environmental Management 12: 
19-30. 


  


$  19,203.31   


  


$ 
19,203.31   
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Land Cover Ecosystem 
Service 
General 


Full Reference Min Value Max Value 


  Water 
Quality 


Wilson, S. J. 2010. Natural Capital in BC's 
Lower Mainland: Valuing the Benefits from 
Nature.  


  


$   230.81   


  


$  646.46   


    Zhongwei, L. 2006. Water Quality Simulation 
and Economic Valuation of Riparian Land-Use 
Changes. University of Cincinnatti. 


 $       274.34   
$11,231.22  


          


  Water 
Storage 


Costanza, R., Wilson, M., Troy, A., Voinov, A., 
Voinov, A., Liu, S., D'Agostino, J. 2006. The 
Value of New Jersey's Ecosystem Services and 
Natural Capital.  


 


$   3,840.49  


 


$  4,808.76  
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2.6.5 Appendix E: Detailed Table on Ecosystem Service Values 


Table 8: Ecosystem Service Values (2016$/acre/year) 


    Land Cover Type  
    


Forests  Shrub/ Scrub  Water  Wetlands  


Ecosystem Service 
General 


Ecosystem 
Service Specific 


Min of Min 
Value 


Max of 
Max Value 


Min of Min 
Value 


Max of 
Max Value 


Min of Min 
Value 


Max of 
Max Value 


Min of Min 
Value 


Max of 
Max Value 


Aesthetic 
Information 


Real Estate 
Value 


         $4.87   $899.22      


  Unspecified           $258.54   $1,266.49  


Aesthetic 
Information Total 


  
         $ 4.87   $899.22   $258.54   $1,266.49  


Air Quality Removal of Air 
Pollutants 


 $31.64   $1,093.97   $1.15   $1.15          


Air Quality Total    $31.64   $1,093.97   $1.15   $1.15          


Biological Control Pest Control  $ 1.73   $12.03   $37.72   $37.72          


  Unspecified  $2.51   $9.91           


Biological Control 
Total 


  
 $1.73   $12.03   $37.72   $37.72          


Climate Stability Temperature 
Regulation 


 $590.77   $1,170.86              


Climate Stability 
Total 


  
 $590.77   $1,170.86              


Disaster Risk 
Reduction 


Flood 
 $573.15  $573.15  $45.83  $63.38      $1,698.55  $7,755.81  
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    Land Cover Type  
    


Forests  Shrub/ Scrub  Water  Wetlands  


Ecosystem Service 
General 


Ecosystem 
Service Specific 


Min of Min 
Value 


Max of 
Max Value 


Min of Min 
Value 


Max of 
Max Value 


Min of Min 
Value 


Max of 
Max Value 


Min of Min 
Value 


Max of 
Max Value 


  Unspecified       $66.39  $154.07     


Disaster Risk 
Reduction Total 


  
$573.15  $573.15  $45.83  $63.38  $66.39  $154.07  $1,698.55  $7,755.81  


Habitat Biodiversity             $118.06  $118.06  


  Habitat $104.39  $131.63        $278.85  $483.53  


  Nursery       $3.37  $18.21  $110.89  $1,681.48  


  Other $176.72  $3,844.29           


  Unspecified          $158.82  $1,640.04  


Habitat Total   $104.39  $3,844.29      $3.37  $18.21  $110.89  $1,681.48  


Pollination & Seed 
Dispersal 


Other 
$423.18  $423.18              


  Pollination $202.92  $636.49  $423.12  $423.12        


  Unspecified $204.91  $204.91           


Pollination & Seed 
Dispersal Total 


  
$202.92  $636.49  $423.12  $423.12          


Recreation & 
Tourism 


Bird Watching 
            $210.85  $281.14  


  General 
Hunting 


          $67.86   $67.86  


  General 
Recreation 


 $48.46   $50.15      $627.97   $23,988.73     
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    Land Cover Type  
    


Forests  Shrub/ Scrub  Water  Wetlands  


Ecosystem Service 
General 


Ecosystem 
Service Specific 


Min of Min 
Value 


Max of 
Max Value 


Min of Min 
Value 


Max of 
Max Value 


Min of Min 
Value 


Max of 
Max Value 


Min of Min 
Value 


Max of 
Max Value 


  Other 
Recreation 


          $271.43   $271.43  


  Unspecified $127.73  $127.73     $413.75  $809.49  $127.83  $597.57  


Recreation & 
Tourism Total 


  
$48.46  $127.73      $413.75  $23,988.73  $67.86  $597.57  


Soil Formation Unspecified $6.26  $6.26  $2.29  $2.29          


Soil Formation 
Total 


  
$6.26  $6.26  $2.29  $2.29          


Soil Retention Erosion Control     $10.41  $10.41      $0.26  $1.02  


  Unspecified $20.32  $128.69  $2.29  $2.29        


Soil Retention Total   $20.32  $128.69  $2.29  $10.41      $0.26  $1.02  


Water Capture, 
Conveyance, & 
Supply 


Groundwater 
Recharge             


 
$19,203.31  


$19,203.31  


  Stormwater 
Runoff 
Reduction 


$8.59  $747.87           


  Unspecified          $691.54  $7,461.78  


Water Capture, Conveyance, & Supply 
Total 


$8.59  $747.87          $691.54  $19,203.31  
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    Land Cover Type  
    


Forests  Shrub/ Scrub  Water  Wetlands  


Ecosystem Service 
General 


Ecosystem 
Service Specific 


Min of Min 
Value 


Max of 
Max Value 


Min of Min 
Value 


Max of 
Max Value 


Min of Min 
Value 


Max of 
Max Value 


Min of Min 
Value 


Max of 
Max Value 


Water Quality Nutrient and/or 
Contaminant 
Removal 


            $230.81  $11,231.22  


  Unspecified       $300.85  $300.85     


  Waste 
Treatment 


$55.11  $720.83        $568.57  $1,733.95  


Water Quality Total   $55.11  $720.83      $300.85  $300.85  $230.81  $11,231.22  


Water Storage Groundwater 
Storage 


        $5.16  $6.31      


  Other $11.27  $395.82        $3,840.49  $4,808.76  


  Surface water 
Storage 


   $34.02  $576.15        


Water Storage 
Total 


  
$11.27  $395.82   $34.02  $576.15  $5.16  $6.31  $3,840.49  $4,808.76  


Recreational fishing Saltwater 
Fishing 


        $8.45  $8.45      


Recreational fishing 
Total 


  
        $8.45  $8.45      
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3 Greenhouse Gas Emissions and Climate Change Impacts 


3.1 Introduction 
There is a measurable, economic cost to society, including the residents of Washington 
State, resulting from the emission of greenhouse gases (Snover et al., 2013). The 
Proposed Action will result in increased greenhouse gas (GHG) emissions, primarily 
carbon dioxide (Cowlitz County and Ecology, 2017b, pg. 2-3). Greenhouse gas emission 
damages are calculated using the social cost of carbon - a methodology widely accepted 
in the academic literature (Ricke et al., 2018), adopted and retained by the Federal 
Government (Interagency Working Group, 2015) and used by state governments, 
including Washington State (WADOC, 2018). This section explains the accepted science 
and economics that provide a methodology for estimating the costs of carbon emissions 
and estimates the damages expected from the Proposed Action with ramp up and full 
build out.  
 
The warming of the earth’s atmosphere is changing climate and inflicting significant 
economic costs on communities, including across the State of Washington (Mauger, et 
al., 2018; Halofsky, et al., 2018). Storms and other disasters – like droughts, storms, 
wildfire – are increasing in severity and frequency, and the economic costs are 
increasing in concert (IPCC, 2014). The warming of the earth’s atmosphere, waters, and 
land surface is driven by an increase in the atmosphere’s concentration of greenhouse 
gases, primarily carbon dioxide and methane. These gasses are transparent to the sun’s 
light, allowing it to pass to the earth’s surface, where some of this light is converted to 
heat and subsequently trapped by the gasses. Greenhouse gasses block the heat from 
escaping the earth and radiating into space.  
 
This “greenhouse effect” increases the heat retention of the earth, warming the earth’s 
atmosphere, waters and land surfaces (IPCC, 2014). This is a similar process to the 
warming experienced in a parked car sitting in the sun with the windows rolled up. The 
windows allow light into the car interior, and do not allow heat to escape, heating up 
the interior of the car. The marginal increase in greenhouse gas emissions driven by 
human activities, are called anthropogenic sources. The burning of fossil fuels like 
gasoline, methane, coal, and oil is a primary anthropogenic source of greenhouse 
gasses. Figure 1 provides a visual depiction of the Greenhouse Effect.  
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Figure 1. Visual Depiction of the Greenhouse Effect 


 
 


Greenhouse gases include carbon dioxide, methane, nitrous oxide, ozone and others. 
The measure that scientists use to gage the potency of these greenhouse gasses is called 
the Global Warming Potential (GWP). The Global Warming Potential of each of these 
gasses is normalized to a standardized unit of carbon dioxide, called carbon dioxide 
equivalent (C02e), and is measured in metric tons (MT), which is the measure utilized in 
the FEIS and report.  


 


In October 2018, the United Nations Intergovernmental Panel on Climate Change 
released a report providing the evidence for human-driven global warming and climate 
change, referencing over 6,000 academic studies and the world’s top climate models. 
According to the study, anthropogenic sources of greenhouse gases have already 
increased global temperatures by approximately 1.0o C (1.8o F), since pre-industrial 
concentrations (IPCC, 2018). Sea level has risen by 8 inches since the late 1800s, and the 
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rate of sea level rise is accelerating (IPCC, 2014). Figure 2 shows the increase in global 
temperature attributed to anthropogenic emissions of GHGs.  


Figure 2. Graphic depicting the increase in global temperature 
attributed in anthropogenic emissions of GHGs 


 
 


The 2014 Intergovernmental Panel on Climate Change (IPCC, 2014) report states: 
“Warming of the climate system is unequivocal, and since the 1950s, many of the 
observed changes are unprecedented over decades to millennia. The atmosphere and 
ocean have warmed, the amounts of snow and ice have diminished, and sea level has 
risen.” (IPCC, 2014) As a result of these higher global temperatures, the October 2018 







 


Reproduction of this publication for educational or other non-commercial purposes is authorized without prior 
written permission from the author, provided the source is fully acknowledged. Reproduction of this publication 
for resale or other commercial purposes is prohibited without prior written permission of the author. 89 


 
 


IPCC report notes that droughts and precipitation deficits will be larger, heavy rain 
events will be more severe, tropical storms and hurricanes will be larger and more 
powerful, and the “fraction of global land area affected by flood hazards is projected to 
be larger.” Measurements in the United States show that the earth’s atmosphere, lakes, 
glaciers, and land surfaces are warming throughout the US (Wuebbles et al., 2017).  
 
As a result of these higher global temperatures, the October 2018 IPCC report notes that 
droughts and precipitation deficits will be larger, heavy rain events will be more severe, 
tropical storms and hurricanes will be larger and more powerful, and the “fraction of 
global land area affected by flood hazards is projected to be larger.”  
 
These physical climate change impacts have clear economic implications. The U.S. 
Global Change Research Program Climate Science Special Report notes that the 
increases in U.S. temperatures and sea level are driving costly climate-related disasters 
such as severe hurricanes, fires, floods, droughts, and hail storms. The cost of these 
climate-related disasters from 1980 to 2017 totals more than $1.1 trillion (Wuebbles et 
al., 2017). Since these totals were calculated, costs have only increased more. In 2017, 
record-setting hurricanes, fires, floods, and hail storms set a single-year disaster damage 
record of more than $337 billion, as calculated by Swiss RE, a global reinsurance 
company. According to their study of global damages, the US suffered more climate-
related disaster costs in 2017 than any other country in the world (Swiss Re Institute, 
2018).  
 


Figure 3. Swiss RE Institute Chart of Disasters Costs 
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Record floods extend beyond historic floodplains and fires burned outside expected 
areas damaging more houses across a wider area including a greater number of homes 
without flood insurance, with an estimated $193 billion in uninsured damages (Swiss Re 
Institute, 2018). Fires are larger, and the fire seasons are extended destroying private 
and public forestlands, timber and logging businesses, tourism, rural homes and 
communities. Post-wildfire, even if a house is not burned, it loses 15% of the value or 
more with the loss of beauty and aesthetic value (Loomis, 2004). FEMA recognizes that 
disasters can be linked. More severe drought leaves forests more vulnerable to larger 
wildfires. As greater areas of forest are burned off and post wildfire soils hold less 
water, it is setting the stage for floods and landslides that inflict greater downstream 
damage. The Federal Emergency Management Agency (FEMA) adopted post-fire 
mitigation policies that focus on replanting and other actions to reduce the threat to life 
and economic assets from flood, slide and drought disasters (FEMA, 2016). 


 


Washington State and Cowlitz County are experiencing climate impacts that are 
expected to increase in severity with a warmer climate. The FEIS (Chapter 5.8) provides 
a good description of some of these climate-related impacts (Cowlitz County and 
Ecology, 2017a, pgs. 5.8-11–5.8-13). The state is experiencing climate impacts across a 
wide spectrum of economic damages including human health, industrial productivity, 
property destruction, agricultural, seafood, and timber production, hydropower 
generation, shoreline erosion, as well as infrastructure damage including road, rail and 
airline infrastructure and toxic waste clean-up (Snover, et al., 2013). RiskMap, a flood 
preparedness a document prepared by Washington State for the FEMA states: 
“Washington is among the most flood-prone states west of the Mississippi River.” 
Furthermore, the study notes that for floods “More than $500 billion has been spent on 
restoration and repair, recovery efforts and preventative measures since 1980” 
(WADOE, 2016).    
 
A few examples of costly climate impacts to Washington State are included below. 


 
a) Culvert Replacement 


A warmer climate drives larger rainfall events causing more powerful floods, which 
wash out culverts and the roads they protect because the culverts were built to a 
standard assuming smaller, historic rainfall events (Mauger, et al., 2018). “Climate-
robust” culverts need to be designed, replacing culverts that may be too small or 
poorly designed for new rainfall regimes, to accommodate wildlife and service 
higher rainfall events (Mauger, et al., 2018).  
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b) Stormwater and Wastewater Infrastructure 


Heavy rainfall events have become more intense, and this poses significant risks for 
areas of dense population and industry, such as King County. New modeling 
indicates that stormwater and wastewater infrastructure must be enlarged in 
capacity to accommodate heavier rainfall in King County (Mauger, 20182). All this 
new infrastructure will come at great cost.  


 
c) Transportation Disruptions 


Road and railroad transportation disruptions that result from the increased rate of 
severe flooding events force business and manufacturing shutdowns and close 
major commuter routes. During the 2007 series of severe storms, 20 miles of I-5 and 
the primary West Coast North/South rail line were shut down for four days in Lewis 
County resulting in economic impacts surpassing $1 billion (WADOE, 2016). Expected 
property damages in Skagit County alone, with over 14,200 structures at risk of 
flooding, could exceed $4.3 billion from a single severe flood (WADOE, 2016). 


 
d) Fire Damages 


Washington State is heavily forested, and these forests are valuable federal, state, 
and private assets. Climate change is drastically altering the fire regime in 
Washington State by increasing the frequency of stand-replacing wildfires and the 
burn severity of mosaic fires. This places a new burden for forest management 
across the state’s forested landscape (Halofsky, et al. 2018). The largest fire in 
Washington State history was the 2015 Okanagan Complex (304,000 acres), the 
second largest fire the 2014 Carlton Complex (256,000 acres) with six of the ten 
largest fires occurring since 2000. The Joint Legislative Audit and Review Committee 
(JLARC, 2018) reported that, “Washington State agencies spent around $434 million 
from 2010-2016 responding to 6,850 fires and more than 11,000 total incidents,” 
with further investments required.  


 
e) Ocean Acidification 


Washington State is the second largest oyster producer in the Nation, yet ocean 
acidification is damaging the oyster and shellfish industry.  
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Figure 4. NOAA Diagram of Ocean Acidification 


 
 
Barton et al. (2015) discuss the damaging impact of ocean acidification on the oyster 
and shellfish industry on the West Coast, including Washington State. Increased 
carbon dioxide in the atmosphere dissolves in ocean water creating carbonic acid, 
lowering pH, and acidifying ocean waters. Carbonic acid reacts with carbonates in 
seawater, which oysters, and bivalves require to build shells. This inhibits shell 
formation in oysters and other shellfish.  


 
Oysters are particularly vulnerable to ocean acidification in the larval stage, called 
spat, which are seaborn and must begin forming a calcium shell before settling on a 
substrate and growing into an adult oyster. North Pacific Ocean and Puget Sound 
waters are becoming too acidified for oyster spat to form their initial shell at the 
larval stage and the larvae die before settling on a marine substrate. This has 
increased costs to the shellfish industry as they import calcified oyster spat from 
Hawaii or attempt to grow them in terrestrial aquaculture operations to replace the 
natural and previously free process of oyster spat settling to repopulate oyster farms 
(Barton et al. 2015).  
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f) Disease Range Expansion 


West Nile virus, previously unknown in Washington State, has expanded its range 
with global warming. The Washington State Department of Health has reported 
West Nile virus has been found in mosquitoes or horses in seven counties in 
Washington State (Washington State Department of Health, 2018). West Nile virus is 
most dangerous when it manifests as a neuroinvasive disease (WNND). In his article 
“Economic Burden of West Nile Virus in the United States,” Barrett (2014) estimates 
that 17,367 cases of WNND, with 1,654 deaths have cost $673 million to $1.01 
billion in hospitalization costs alone, not including lost income, worktime, 
productivity, and other economic impacts of illness. Washington State is expected to 
experience increased hospitalization costs, as well as lost income and other impacts 
as West Nile virus is expected to infect people. 


 
--- 


 
Recognizing that anthropogenic sources of greenhouse gases are increasing global 
temperatures, and that anthropogenic driven climate change is causing increased 
economic damage and costs, economists have spent two decades refining methods for 
calculating marginal damage estimates for C02e emissions.  


 


Well accepted methods and conservative values have been used for calculating the 
social cost of carbon emitted due the Proposed Action in this analysis. As the FEIS notes: 
“In 2007, the Supreme Court ruled that greenhouse gases are air pollutants under the 
Clean Air Act” (Cowlitz County and Ecology, 2017a, pg. 5.8-26). As with lead in gasoline 
and many other pollutants, it is possible, useful, and sometimes mandated to calculate 
the costs that these pollutants impose on society including harms to human health, 
environmental damages, cultural impacts, and economic costs. This is done by 
multiplying emissions levels by the social cost of carbon. 
 
The social cost of carbon is an estimate of the damages to health and property with the 
release of each additional metric ton of carbon into the atmosphere. In 2009, the Office 
of Management and Budget organized an Interagency Working Group to calculate the 
social cost of carbon. Since then, it has been cited in over 160 federal regulatory actions 
and applied agencies including the Environmental Protection Agency; Council of 
Economic Advisors; Office of Management and Budget, Office of Science and 
Technology; and the Departments of Treasury, Commerce, Agriculture, Transportation, 
Interior, and Energy (Leggett, 2017). The federal value is revised periodically and has 
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been adopted for use by many state and local governments including Washington State 
(WADOC, 2018). The Washington State value is $72/MtCO2e ($2017). 
 
Over 100 peer-reviewed academic journal studies have estimated the cost of an 
additional metric ton (Mt) of C02e to society for many nations, agencies, companies, 
and climate change scenarios (Ricke et al., 2018). These different calculations of the 
social cost of carbon emissions from an additional metric ton of C02e emitted generally 
differ in amount due to three characteristics: 
 
a) The Inclusion of a Broader Set of Costs 


These additional damages may include health, such as costs related to the spread of 
diseases with a warming climate such as dengue fever or the West Nile virus, or a 
more inclusive calculation of disaster costs, such as larger floods because warmer air 
holds more moisture resulting in larger rainfall events.  
 


b) The Treatment of Time Preferences with a Discount Rate 
In comparing future benefits/costs to present benefits/costs, the discount rate is 
used to express future costs or benefits in today’s value, reflecting a time 
preference. A larger discount rate means future value is more quickly reduced with 
lower value, a lower discount rate gives greater value to future damages.  


 
c) The Acceleration of Climate Change Damages  


Climate change impacts have accelerated, and modeling shows they are expected to 
continue to accelerate with rising temperatures. For example, as sea surface 
temperatures rise, hurricanes are becoming larger and inflicting greater damages; 
droughts are more prolonged and fires larger; damage to ports from sea level rise is 
low initially but accelerates as sea levels rise, exacerbating storm, wave, and flood 
damage to port facilities.  
 


Stanford University has estimated a value for the social cost of carbon that is more 
inclusive of a broader range of costs than the Interagency analysis that informed the 
value adopted by federal agencies and Washington State (Moore and Diaz, 2015). The 
Stanford study estimates the cost per metric ton (Mt) of carbon on the order of two to 
three times larger than the value adopted by Washington State (WADOC, 2018). This is 
supported by Stern (2007). In order to show the range of potential damages, a 
calculation with the Stanford value is also provided in this analysis, for illustrative 
purposes. 
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The social cost of carbon value accepted by the State of Washington (WADOC, 2018) is 
$72/MtCO2e ($2017), and the higher Stanford University value of $229/MtCO2e in 
$2017 (Moore and Diaz, 2015).  


3.2 Methods 
The Proposed Action involves port construction and operations, movement of coal by 
rail, and export by ship to Asia to fuel thermal power plants. Estimated Proposed Action 
emissions were calculated in the SEPA Greenhouse Gas Emissions (GHG) Technical 
Report (Cowlitz County and Ecology, 2017b, pgs. 3-1–3-20) for the FEIS. The emissions 
data included construction, operations, and combustion GHG emissions within 
Washington State and emissions from coal combustion outside Washington State were 
provided (Cowlitz County and Ecology, 2017b, pg. 3-21).  
 
The costs of GHG emissions were calculated by multiplying those estimated emissions 
levels by the Washington State social cost of carbon value at a discount rate of 2.75% 
under three scenarios. For illustrative purposes, the calculation was also made with a 
zero-discount rate, showing a trustee value. In addition, the higher Stanford social cost 
of carbon was used under three scenarios and with a 2.75% and zero discount rate.  


 


The calculations that estimated the social cost of carbon utilized a 2.5% discount rate, 
which differs from the U.S. Army Corps discount rate adopted for this report (USACE, 
2000). To bring the social cost of carbon analysis from this chapter into alignment with 
the other analyses in this report, the embedded 2.5% discount rate was replaced with 
the higher 2.75% discount rate and then a discount rate of zero. The overall effect of 
this lowers the value that is estimated with the 2.75% discount rate (relative to using 
the embedded 2.5% discount rate) and raises the value that is estimated using a 
discount rate of zero.  


 


The FEIS No-Action Alternative includes an expansion of the existing terminal (Cowlitz 
County and Ecology, 2017a, pg. 5.8-23). The GHG Technical Report calculated the net 
emissions difference between the No-Action Alternative and the Proposed Action, which 
are the figures adopted for this analysis (Cowlitz County and Ecology, 2017b, pgs. 3-40–
3-41).  


 


The ramp-up schedule is shown in the scenario tables and was based on the ramp-up 
schedule in Table 68 the GHG Technical Report (Cowlitz County and Ecology, 2017b, pg. 
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3-36). All emissions were calculated as net emissions of the Proposed Action with the No 
Action Alternative.  


 


The FEIS states, “Geographically, the analysis of greenhouse gas emissions from the 
Proposed Action includes emissions from the transport of Powder River Basin and Uinta 
Basin coals from mines to the coal export terminal in Cowlitz County, final transport to 
Asia, and the end-use combustion of coal in Asia” (Cowlitz County and Ecology, 2017a, 
pg. 5.8-7). The FEIS GHG Technical Report calculation includes carbon dioxide equivalent 
emissions from the construction, operations and combustion phases of the project for 
Washington State and for combustion in Asia (Cowlitz County and Ecology, 2017b, pgs. 
3-18–3-19). This economic analysis includes the emissions from the following Proposed 
Action phases and activities: 


• Construction: Including construction materials, equipment operation, vegetation 
removal, and loss of sediment; 


• Operations: Including terminal operations emissions, employee commuting, 
locomotive emissions, tug boats, bulk carrier vessels, and vehicle and vessel 
idling with in Washington State; 


o Transport: Rail and vessel transport only within Washington State 


o Combustion: Coal combustion emissions (excluded in WA State analysis) 


 


The GHG Technical Report examined four scenarios for the Proposed Action (Cowlitz 
County and Ecology, 2017b, pgs. 2-10–2-24):  


1) 2015 U.S. and International Energy Policy Scenario based on the U.S. Clean Power 
Plan and International Energy Agency’s 2015 scenario with new international climate 
and energy policies;  


2) No Clean Power Plan Scenario assuming no implementation of the Clean Power Plan 
or post-2015 international climate policy advancements; 


3) Lower Boundary Scenario assuming significant declines in coal demand with 
renewable energy replacement; 


4) Upper Boundary Scenario based on assumptions of aggressive coal power plant 
construction and high coal demand and prices. 
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The primary focus of this chapter is an economic estimation of the costs associated with 
scenarios 1, 2, and 4 – calculated using the social cost of carbon as accepted by the 
Washington Department of Commerce (WADOC, 2018) as well as the Stanford 
University value (Moore and Diaz, 2015).  
 
Though there is no evidence to show that the Millennium Bulk Terminal project is 
economically viable under any of the scenarios Scenario 3, the Lower Bound scenario, 
was not included in the analysis, because both low coal demand and low prices in Asia 
would render the Proposed Action economically unviable.  
 
Emissions data for the three included scenarios were drawn from the SEPA Greenhouse 
Gas Emissions Technical Report (Cowlitz County and Ecology, 2017b, Chapter 3) and 
used to estimate ramp-up rates to calculate Washington State emissions and 
combustion emissions for the exported coal.  
 
The yearly estimated emissions from terminal operations and fuel combustion were 
derived from the GHG Technical Report (Cowlitz County and Ecology, 2017b, Chapter 3). 
Annual emissions were multiplied separately by the two values for the social cost of 
carbon, and finally summed across the 20-year and 50-year Proposed Action periods. 
The carbon emissions tallied for the 20-year model were assumed to continue at full 
operation for another 30-years, providing emissions for the 50-year emissions. 
Mitigation measures for carbon emissions, if implemented, could be deducted from 
these values.  
 
For the Opinion, the more conservative 2015 Energy Policy Scenario was adopted, the 
more conservative Washington State social cost of carbon value was utilized (WADOC, 
2018), and the more conservative 2.75% discount rate was applied. 


3.3 Analysis 


 


• Millennium Bulk Terminals-Longview SEPA Environmental Impact Statement. Section 
5.8 on Greenhouse Gas Emissions and Climate Change and its associated technical 
report (Cowlitz County and Ecology, 2017a).  


• Washington State Social Cost of Carbon (WADOC, 2018).  


• Stanford University Social Cost of Carbon (Moore and Diaz, 2015). 


• United Nations Intergovernmental Panel on Climate Change (IPCC, 2018). 
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• All citations noted in the reference section of this chapter. 


3.4 Results 
 


3.4.1 Global Costs from Greenhouse Gas Emissions  
Table 1: C02e Emissions from the Proposed Millennium Terminal Under Three Scenarios 
shows the emissions provided in the SEPA GHG Technical Report (Cowlitz County and 
Ecology, 2017b, Chapter 3) from different emissions categories associated with 
construction and operations for scenarios 1, 2, and 4 across 18 months of project 
construction and 20 years of operation, for both total emissions and annual emissions. 
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Table 1: C02e Emissions from the Proposed Millennium Terminal Under Three Scenarios 


 Total Emissions 2018-2038 (MtCO2e) Annualized Emissions (MtCO2e) 


Activity Type  
2015 Energy 


Policy 
Upper Bound 


No Clean 
Power Plan 


2015 Energy 
Plan 


Upper 
Bound 


No Clean 
Power Plan 


Vegetation Removal, Soil Disturbance, and Wetland Loss Emissions 12,121 12,121 12,121 606 606 606 


Potential Loss of Sediment Carbon from Dock Dredging 17,654 17,654 17,654 883 883 883 


Locomotive Emissions within Washington (Excluding Cowlitz Co.) 4,420,000 4,116,000 4,620,000 221,000 205,800 231,000 


Locomotive Operation Emissions within Cowlitz Co. 310,000 310,000 310,000 15,500 15,500 15,500 


Vehicle-Crossing Delay Emissions from Fossil Fuel Combustion from Vehicles Idling within 
Cowlitz Co.* 


2,439 2,439 2,439 122 122 122 


Coal Export Terminal Construction Emissions 11,776 11,776 11,776 589 589 589 


Embedded Emissions in Construction Materials 185,441 185,441 185,441 9,272 9,272 9,272 


Emissions from Dredging during Construction – Fuel Use 377 377 377 19 19 19 


Coal Export Terminal Operation Emissions from Mobile Combustion 12,977 12,977 12,977 649 649 649 


Dredging Emissions during Operations – Fuel Use 1,355 1,355 1,355 68 68 68 


Coal Export Terminal Operation—Indirect Emissions from Electricity Consumption 3,191 3,191 3,191 160 160 160 


Employee Commuting 3,922 3,922 3,922 196 196 196 


Emissions from Vessel Idling and Tugboat Use at Coal Export Terminal 104,740 104,740 104,740 5,237 5,237 5,237 


Emissions from Helicopter and Pilot Boat Trips for Pilot Transfers to Vessels 5,402 5,402 5,402 270 270 270 


Emissions from Vessel Transport within Cowlitz Co. 120,000 120,000 120,000 6,000 6,000 6,000 


Emissions from Vessel Transport within Washington (excluding transport within Cowlitz Co.) 150,000 150,000 150,000 7,500 7,500 7,500 


Net Emissions from Coal Combustion: Global (8,500,000) 749,455,000 23,910,000 (427,500) 37,472,750 1,195,000 


Net Emissions from Changes in International Vessel Transport to Asian Markets 15,160,000 16,865,000 13,320,000 758,000 843,250 666,000 


Net Emissions from Natural Gas Substitution in the United States  890,000 (240,000) <5,000 44,500 (12,000) <250 


Locomotive Emissions from Extraction Sites to Washington 9,500,000 9,285,000 8,960,000 475,000 464,250 448,000 


Net Direct Emissions (Generated in Cowlitz Co.) for the Proposed Action   600,000 600,000 600,000 30,000 30,000 30,000 


Net Emissions Generated within Washington State, excluding Cowlitz Co.  4,570,000 4,270,000 4,770,000 228,500 213,500 238,500 


Net emissions (direct + indirect) excluding coal extraction: Global 22,358,956 780,419,956 51,748,956 1,117,948 39,020,998 2,587,448 
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Net emissions to 2038 are highest under scenario 4 (the Upper Bound) at more than 780 million tons of C02e. The scenario 2 (No Clean 
Power Plan) emissions are at over 51 million tons of C02e emissions by 2038. Emissions from scenario 1 (2015 Clean Power Plan) scenario 
were more than 22 million tons of C02e. By multiplying these emissions estimates by the social cost of carbon, the economic damages can 
be estimated. Table 2 shows the carbon emissions under the 2015 Energy Policy Scenario including construction, operations, and overseas 
combustion emissions, as well as the costs of those carbon emissions calculated annually with two social cost of carbon values, Washington 
State and Stanford. 


Table 2: 2015 Energy Policy MBT-L Social Cost of C02e Emissions, 2019-2038 


Year 
Annual Emissions (MtCO2e) Social Cost of Carbon (0%) Discount Rate (2.75%) 


Construction Operations Total GHG SCC (WADOC) SCC (Stanford) SCC (WADOC) SCC (Stanford) 


1 2019 107,797 - 107,797 $7,891,890 $25,323,322 $7,475,106 $23,985,955 


2 2020 107,797 - 107,797 $8,069,457 $25,943,743 $7,438,730 $23,915,923 


3 2021 - 41,909 41,909 $3,207,811 $10,333,460 $2,877,938 $9,270,826 


4 2022 - 41,909 41,909 $3,279,987 $10,586,630 $2,863,934 $9,243,758 


5 2023 - 41,909 41,909 $3,353,787 $10,846,002 $2,849,997 $9,216,769 


6 2024 - 41,909 41,909 $3,429,247 $11,111,729 $2,836,129 $9,189,859 


7 2025 - 41,909 41,909 $3,506,405 $11,383,967 $2,822,328 $9,163,027 


8 2026 - 41,909 41,909 $3,585,299 $11,662,874 $2,808,594 $9,136,274 


9 2027 - 41,909 41,909 $3,665,968 $11,948,614 $2,794,926 $9,109,598 


10 2028 - 1,986,364 1,986,364 $177,666,254 $580,206,297 $131,827,134 $430,509,067 


11 2029 - 1,986,364 1,986,364 $181,663,745 $594,421,352 $131,185,639 $429,252,106 


12 2030 - 1,986,364 1,986,364 $185,751,179 $608,984,675 $130,547,266 $427,998,815 


13 2031 - 1,986,364 1,986,364 $189,930,580 $623,904,799 $129,912,000 $426,749,183 


14 2032 - 1,986,364 1,986,364 $194,204,018 $639,190,467 $129,279,824 $425,503,200 


15 2033 - 1,986,364 1,986,364 $198,573,609 $654,850,633 $128,650,726 $424,260,855 


16 2034 - 1,986,364 1,986,364 $203,041,515 $670,894,474 $128,024,688 $423,022,137 


17 2035 - 1,986,364 1,986,364 $207,609,949 $687,331,389 $127,401,697 $421,787,036 


18 2036 - 1,986,364 1,986,364 $212,281,173 $704,171,008 $126,781,737 $420,555,541 







 


 


Reproduction of this publication for educational or other non-commercial purposes is authorized without prior 
written permission from the author, provided the source is fully acknowledged. Reproduction of this publication 
for resale or other commercial purposes is prohibited without prior written permission of the author. 101 


 
 


Year 
Annual Emissions (MtCO2e) Social Cost of Carbon (0%) Discount Rate (2.75%) 


Construction Operations Total GHG SCC (WADOC) SCC (Stanford) SCC (WADOC) SCC (Stanford) 


19 2037 - 1,986,364 1,986,364 $217,057,499 $721,423,197 $126,164,794 $419,327,642 


20 2038 - 1,986,364 1,986,364 $221,941,293 $739,098,066 $125,550,854 $418,103,328 


Total 20-Year 215,593 22,143,362 22,358,956 $2,229,710,664 $7,353,616,698 $1,450,094,040 $4,779,300,901 


21 2039 - 1,986,364 1,986,364 $226,934,972 $757,205,968 $124,939,901 $416,882,588 


22 2040 - 1,986,364 1,986,364 $232,041,009 $775,757,514 $124,331,921 $415,665,413 


23 2041 - 1,986,364 1,986,364 $237,261,932 $794,763,574 $123,726,899 $414,451,791 


24 2042 - 1,986,364 1,986,364 $242,600,325 $814,235,281 $123,124,822 $413,241,713 


25 2043 - 1,986,364 1,986,364 $248,058,833 $834,184,045 $122,525,674 $412,035,168 


26 2044 - 1,986,364 1,986,364 $253,640,156 $854,621,555 $121,929,442 $410,832,145 


27 2045 - 1,986,364 1,986,364 $259,347,060 $875,559,783 $121,336,112 $409,632,635 


28 2046 - 1,986,364 1,986,364 $265,182,369 $897,010,997 $120,745,668 $408,436,628 


29 2047 - 1,986,364 1,986,364 $271,148,972 $918,987,767 $120,158,098 $407,244,112 


30 2048 - 1,986,364 1,986,364 $277,249,824 $941,502,967 $119,573,387 $406,055,078 


31 2049 - 1,986,364 1,986,364 $283,487,945 $964,569,790 $118,991,522 $404,869,516 


32 2050 - 1,986,364 1,986,364 $289,866,424 $988,201,750 $118,412,487 $403,687,415 


33 2051 - 1,986,364 1,986,364 $296,388,418 $1,012,412,692 $117,836,271 $402,508,766 


34 2052 - 1,986,364 1,986,364 $303,057,158 $1,037,216,803 $117,262,858 $401,333,557 


35 2053 - 1,986,364 1,986,364 $309,875,944 $1,062,628,615 $116,692,236 $400,161,781 


36 2054 - 1,986,364 1,986,364 $316,848,152 $1,088,663,016 $116,124,391 $398,993,425 


37 2055 - 1,986,364 1,986,364 $323,977,236 $1,115,335,260 $115,559,309 $397,828,481 


38 2056 - 1,986,364 1,986,364 $331,266,724 $1,142,660,974 $114,996,976 $396,666,938 


39 2057 - 1,986,364 1,986,364 $338,720,225 $1,170,656,168 $114,437,380 $395,508,786 


40 2058 - 1,986,364 1,986,364 $346,341,430 $1,199,337,244 $113,880,507 $394,354,016 


41 2059 - 1,986,364 1,986,364 $354,134,112 $1,228,721,006 $113,326,344 $393,202,617 


42 2060 - 1,986,364 1,986,364 $362,102,130 $1,258,824,671 $112,774,878 $392,054,581 
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Year 
Annual Emissions (MtCO2e) Social Cost of Carbon (0%) Discount Rate (2.75%) 


Construction Operations Total GHG SCC (WADOC) SCC (Stanford) SCC (WADOC) SCC (Stanford) 


43 2061 - 1,986,364 1,986,364 $370,249,428 $1,289,665,876 $112,226,095 $390,909,896 


44 2062 - 1,986,364 1,986,364 $378,580,040 $1,321,262,689 $111,679,983 $389,768,553 


45 2063 - 1,986,364 1,986,364 $387,098,091 $1,353,633,625 $111,136,528 $388,630,543 


46 2064 - 1,986,364 1,986,364 $395,807,798 $1,386,797,649 $110,595,717 $387,495,855 


47 2065 - 1,986,364 1,986,364 $404,713,473 $1,420,774,192 $110,057,539 $386,364,480 


48 2066 - 1,986,364 1,986,364 $413,819,526 $1,455,583,159 $109,521,979 $385,236,409 


49 2067 - 1,986,364 1,986,364 $423,130,465 $1,491,244,947 $108,989,025 $384,111,631 


50 2068 - 1,986,364 1,986,364 $432,650,901 $1,527,780,448 $108,458,665 $382,990,137 


Total 50-Year 215,593 81,734,271 81,949,864 $11,805,291,732 $40,333,416,724 $4,945,446,655 $16,770,455,551 


 


 
Following scenario 1 (2015 Energy Policy), the social cost attributed to carbon emissions across 20 years using the damages from emissions 
with the more conservative Washington State social cost of carbon (SCC) value (WADOC, 2018) and the zero-discount rate (treating damage 
to people in the future and present equally) would be over $2.2 billion. Using the more comprehensive Stanford SSC value (Moore and Diaz, 
2015), the estimated damages from emissions total $7.4 billion. At the 50-year scale the damages from emissions with a zero-discount rate 
with the Washington State SCC total $11.8 billion and with the Stanford calculation $40.3 billion. With a 2.75% discount rate, over 50 years 
damages range at $4.9 billion with the Washington SCC and $16.7 billion with the Stanford SCC.  
 
Table 3 shows the carbon emissions under scenario 2 (No Clean Power Plan), including construction, operations, and overseas combustion 
emissions, as well as the costs of those carbon emissions calculated annually with two social cost of carbon values, Washington State and 
Stanford. 
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Table 3: No Clean Power Plan MBT-L Social Cost of C02e Emissions, 2019-2038 


Year 
Annual Emissions (MtCO2e) Social Cost of Carbon (0%) Discount Rate (2.75%) 


Construction Operations Total GHG SCC (WADOC) SCC (Stanford) SCC (WADOC) SCC (Stanford) 


1 2019 107,797 - 107,797 $7,891,890 $25,323,322 $7,475,106 $23,985,955 


2 2020 107,797 - 107,797 $8,069,457 $25,943,743 $7,438,730 $23,915,923 


3 2021 - 2,027,143 2,027,143 $155,162,700 $499,832,278 $139,206,657 $448,432,392 


4 2022 - 2,027,143 2,027,143 $158,653,861 $512,078,169 $138,529,253 $447,123,101 


5 2023 - 2,027,143 2,027,143 $162,223,572 $524,624,084 $137,855,145 $445,817,632 


6 2024 - 2,027,143 2,027,143 $165,873,603 $537,477,374 $137,184,317 $444,515,975 


7 2025 - 2,027,143 2,027,143 $169,605,759 $550,645,570 $136,516,753 $443,218,118 


8 2026 - 2,027,143 2,027,143 $173,421,888 $564,136,386 $135,852,438 $441,924,050 


9 2027 - 2,027,143 2,027,143 $177,323,881 $577,957,728 $135,191,355 $440,633,761 


10 2028 - 3,395,455 3,395,455 $303,699,523 $991,794,289 $225,342,949 $735,904,514 


11 2029 - 3,395,455 3,395,455 $310,532,762 $1,016,093,249 $224,246,390 $733,755,888 


12 2030 - 3,395,455 3,395,455 $317,519,750 $1,040,987,533 $223,155,167 $731,613,535 


13 2031 - 3,395,455 3,395,455 $324,663,944 $1,066,491,728 $222,069,253 $729,477,437 


14 2032 - 3,395,455 3,395,455 $331,968,883 $1,092,620,775 $220,988,624 $727,347,576 


15 2033 - 3,395,455 3,395,455 $339,438,183 $1,119,389,984 $219,913,254 $725,223,933 


16 2034 - 3,395,455 3,395,455 $347,075,542 $1,146,815,039 $218,843,117 $723,106,491 


17 2035 - 3,395,455 3,395,455 $354,884,741 $1,174,912,007 $217,778,186 $720,995,231 


18 2036 - 3,395,455 3,395,455 $362,869,648 $1,203,697,352 $216,718,439 $718,890,136 


19 2037 - 3,395,455 3,395,455 $371,034,215 $1,233,187,937 $215,663,848 $716,791,187 


20 2038 - 3,395,455 3,395,455 $379,382,485 $1,263,401,041 $214,614,389 $714,698,366 


Total 20-Year 215,593 51,533,363 51,748,956 $4,921,296,287 $16,167,409,588 $3,394,583,369 $11,137,371,201 
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Year 
Annual Emissions (MtCO2e) Social Cost of Carbon (0%) Discount Rate (2.75%) 


Construction Operations Total GHG SCC (WADOC) SCC (Stanford) SCC (WADOC) SCC (Stanford) 


21 2039 - 3,395,455 3,395,455 $387,918,591 $1,294,354,367 $213,570,036 $712,611,655 


22 2040 - 3,395,455 3,395,455 $396,646,759 $1,326,066,049 $212,530,766 $710,531,037 


23 2041 - 3,395,455 3,395,455 $405,571,311 $1,358,554,667 $211,496,553 $708,456,494 


24 2042 - 3,395,455 3,395,455 $414,696,666 $1,391,839,256 $210,467,373 $706,388,008 


25 2043 - 3,395,455 3,395,455 $424,027,341 $1,425,939,318 $209,443,201 $704,325,561 


26 2044 - 3,395,455 3,395,455 $433,567,956 $1,460,874,831 $208,424,012 $702,269,136 


27 2045 - 3,395,455 3,395,455 $443,323,235 $1,496,666,265 $207,409,784 $700,218,715 


28 2046 - 3,395,455 3,395,455 $453,298,008 $1,533,334,588 $206,400,490 $698,174,281 


29 2047 - 3,395,455 3,395,455 $463,497,213 $1,570,901,286 $205,396,108 $696,135,816 


30 2048 - 3,395,455 3,395,455 $473,925,900 $1,609,388,367 $204,396,614 $694,103,303 


31 2049 - 3,395,455 3,395,455 $484,589,233 $1,648,818,382 $203,401,983 $692,076,724 


32 2050 - 3,395,455 3,395,455 $495,492,491 $1,689,214,432 $202,412,192 $690,056,062 


33 2051 - 3,395,455 3,395,455 $506,641,072 $1,730,600,186 $201,427,218 $688,041,299 


34 2052 - 3,395,455 3,395,455 $518,040,496 $1,772,999,891 $200,447,037 $686,032,420 


35 2053 - 3,395,455 3,395,455 $529,696,407 $1,816,438,388 $199,471,626 $684,029,405 


36 2054 - 3,395,455 3,395,455 $541,614,576 $1,860,941,128 $198,500,961 $682,032,239 


37 2055 - 3,395,455 3,395,455 $553,800,904 $1,906,534,186 $197,535,020 $680,040,904 


38 2056 - 3,395,455 3,395,455 $566,261,424 $1,953,244,274 $196,573,779 $678,055,383 


39 2057 - 3,395,455 3,395,455 $579,002,307 $2,001,098,758 $195,617,215 $676,075,660 


40 2058 - 3,395,455 3,395,455 $592,029,858 $2,050,125,678 $194,665,307 $674,101,716 


41 2059 - 3,395,455 3,395,455 $605,350,530 $2,100,353,757 $193,718,030 $672,133,536 


42 2060 - 3,395,455 3,395,455 $618,970,917 $2,151,812,424 $192,775,363 $670,171,102 
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Year 
Annual Emissions (MtCO2e) Social Cost of Carbon (0%) Discount Rate (2.75%) 


Construction Operations Total GHG SCC (WADOC) SCC (Stanford) SCC (WADOC) SCC (Stanford) 


43 2061 - 3,395,455 3,395,455 $632,897,763 $2,204,531,828 $191,837,284 $668,214,398 


44 2062 - 3,395,455 3,395,455 $647,137,962 $2,258,542,858 $190,903,769 $666,263,407 


45 2063 - 3,395,455 3,395,455 $661,698,567 $2,313,877,158 $189,974,797 $664,318,113 


46 2064 - 3,395,455 3,395,455 $676,586,784 $2,370,567,149 $189,050,345 $662,378,498 


47 2065 - 3,395,455 3,395,455 $691,809,987 $2,428,646,044 $188,130,392 $660,444,546 


48 2066 - 3,395,455 3,395,455 $707,375,712 $2,488,147,872 $187,214,916 $658,516,241 


49 2067 - 3,395,455 3,395,455 $723,291,665 $2,549,107,495 $186,303,894 $656,593,566 


50 2068 - 3,395,455 3,395,455 $739,565,728 $2,611,560,628 $185,397,306 $654,676,504 


Total 50-Year 215,593 153,403,636 153,619,229 $21,289,623,650 $72,542,491,097 $9,369,476,740 $31,634,836,930 


 
 
The costs under the No Clean Power Plan scenario, calculated over a twenty-year period with the Washington State SCC value, results in 
damages totaling $4.9 billion. Costs increase to $16.2 billion with the Stanford SCC calculation. At 50 years, the damages total $21 billion 
with Washington State value for SCC and $72.5 billion with the Stanford SCC, both calculated with a discount rate of zero. The damages at a 
2.75% discount rate with the Washington SSC are over $9.3 billion, using the Stanford value they are over $31 billion.  
 
Table 4 shows the carbon emissions under scenario 4 (Upper Bound), including construction, operations, and overseas combustion 
emissions, as well as the costs of those carbon emissions calculated annually with two social cost of carbon values, Washington State and 
Stanford. 
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Table 4: Upper Bound Scenario MBT-L Social Cost of CO2e Emissions, 2019-2038 


Year 
Annual Emissions (MtCO2e) Social Cost of Carbon (0%) Discount Rate (2.75%) 


Construction Operations Total GHG SCC (WADOC) SCC (Stanford) SCC (WADOC) SCC (Stanford) 


1 2019 107,797 - 107,797 $7,891,890 $25,323,322 $7,475,106 $23,985,955 


2 2020 107,797 - 107,797 $8,069,457 $25,943,743 $7,438,730 $23,915,923 


3 2021 - 26,201,429 26,201,429 $2,005,524,368 $6,460,481,896 $1,799,287,741 $5,796,122,980 


4 2022 - 26,201,429 26,201,429 $2,050,648,666 $6,618,763,702 $1,790,532,083 $5,779,199,993 


5 2023 - 26,201,429 26,201,429 $2,096,788,261 $6,780,923,413 $1,781,819,031 $5,762,326,417 


6 2024 - 26,201,429 26,201,429 $2,143,965,997 $6,947,056,037 $1,773,148,379 $5,745,502,106 


7 2025 - 26,201,429 26,201,429 $2,192,205,232 $7,117,258,909 $1,764,519,920 $5,728,726,917 


8 2026 - 26,201,429 26,201,429 $2,241,529,850 $7,291,631,753 $1,755,933,448 $5,712,000,707 


9 2027 - 26,201,429 26,201,429 $2,291,964,271 $7,470,276,731 $1,747,388,760 $5,695,323,333 


10 2028 - 54,254,545 54,254,545 $4,852,687,428 $15,847,465,370 $3,600,660,566 $11,758,709,884 


11 2029 - 54,254,545 54,254,545 $4,961,872,895 $16,235,728,271 $3,583,139,103 $11,724,377,884 


12 2030 - 54,254,545 54,254,545 $5,073,515,036 $16,633,503,614 $3,565,702,903 $11,690,146,124 


13 2031 - 54,254,545 54,254,545 $5,187,669,124 $17,041,024,452 $3,548,351,551 $11,656,014,310 


14 2032 - 54,254,545 54,254,545 $5,304,391,679 $17,458,529,551 $3,531,084,633 $11,621,982,152 


15 2033 - 54,254,545 54,254,545 $5,423,740,492 $17,886,263,525 $3,513,901,740 $11,588,049,357 


16 2034 - 54,254,545 54,254,545 $5,545,774,653 $18,324,476,982 $3,496,802,461 $11,554,215,636 


17 2035 - 54,254,545 54,254,545 $5,670,554,583 $18,773,426,668 $3,479,786,391 $11,520,480,700 


18 2036 - 54,254,545 54,254,545 $5,798,142,061 $19,233,375,621 $3,462,853,124 $11,486,844,260 


19 2037 - 54,254,545 54,254,545 $5,928,600,257 $19,704,593,324 $3,446,002,257 $11,453,306,029 


20 2038 - 54,254,545 54,254,545 $6,061,993,763 $20,187,355,860 $3,429,233,390 $11,419,865,719 


Total 20-Year 215,593 780,204,363 780,419,956 $74,847,529,964 $246,063,402,744 $51,085,061,318 $167,741,096,385 


21 2039 - 54,254,545 54,254,545 $6,198,388,623 $20,681,946,079 $3,412,546,122 $11,386,523,045 


22 2040 - 54,254,545 54,254,545 $6,337,852,367 $21,188,653,758 $3,395,940,059 $11,353,277,723 


23 2041 - 54,254,545 54,254,545 $6,480,454,045 $21,707,775,775 $3,379,414,803 $11,320,129,467 
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Year 
Annual Emissions (MtCO2e) Social Cost of Carbon (0%) Discount Rate (2.75%) 


Construction Operations Total GHG SCC (WADOC) SCC (Stanford) SCC (WADOC) SCC (Stanford) 


24 2042 - 54,254,545 54,254,545 $6,626,264,261 $22,239,616,281 $3,362,969,962 $11,287,077,994 


25 2043 - 54,254,545 54,254,545 $6,775,355,207 $22,784,486,880 $3,346,605,145 $11,254,123,021 


26 2044 - 54,254,545 54,254,545 $6,927,800,699 $23,342,706,809 $3,330,319,961 $11,221,264,268 


27 2045 - 54,254,545 54,254,545 $7,083,676,215 $23,914,603,126 $3,314,114,025 $11,188,501,453 


28 2046 - 54,254,545 54,254,545 $7,243,058,930 $24,500,510,902 $3,297,986,949 $11,155,834,295 


29 2047 - 54,254,545 54,254,545 $7,406,027,755 $25,100,773,419 $3,281,938,351 $11,123,262,516 


30 2048 - 54,254,545 54,254,545 $7,572,663,380 $25,715,742,368 $3,265,967,848 $11,090,785,837 


31 2049 - 54,254,545 54,254,545 $7,743,048,306 $26,345,778,056 $3,250,075,061 $11,058,403,981 


32 2050 - 54,254,545 54,254,545 $7,917,266,893 $26,991,249,618 $3,234,259,610 $11,026,116,670 


33 2051 - 54,254,545 54,254,545 $8,095,405,398 $27,652,535,234 $3,218,521,121 $10,993,923,629 


34 2052 - 54,254,545 54,254,545 $8,277,552,019 $28,330,022,347 $3,202,859,217 $10,961,824,581 


35 2053 - 54,254,545 54,254,545 $8,463,796,940 $29,024,107,895 $3,187,273,528 $10,929,819,254 


36 2054 - 54,254,545 54,254,545 $8,654,232,371 $29,735,198,538 $3,171,763,681 $10,897,907,373 


37 2055 - 54,254,545 54,254,545 $8,848,952,599 $30,463,710,902 $3,156,329,308 $10,866,088,666 


38 2056 - 54,254,545 54,254,545 $9,048,054,033 $31,210,071,820 $3,140,970,041 $10,834,362,859 


39 2057 - 54,254,545 54,254,545 $9,251,635,249 $31,974,718,579 $3,125,685,515 $10,802,729,683 


40 2058 - 54,254,545 54,254,545 $9,459,797,042 $32,758,099,184 $3,110,475,367 $10,771,188,866 


41 2059 - 54,254,545 54,254,545 $9,672,642,475 $33,560,672,614 $3,095,339,234 $10,739,740,140 


42 2060 - 54,254,545 54,254,545 $9,890,276,931 $34,382,909,093 $3,080,276,756 $10,708,383,234 


43 2061 - 54,254,545 54,254,545 $10,112,808,162 $35,225,290,366 $3,065,287,574 $10,677,117,882 


44 2062 - 54,254,545 54,254,545 $10,340,346,345 $36,088,309,980 $3,050,371,333 $10,645,943,815 


45 2063 - 54,254,545 54,254,545 $10,573,004,138 $36,972,473,575 $3,035,527,677 $10,614,860,767 


46 2064 - 54,254,545 54,254,545 $10,810,896,731 $37,878,299,177 $3,020,756,253 $10,583,868,473 


47 2065 - 54,254,545 54,254,545 $11,054,141,908 $38,806,317,507 $3,006,056,709 $10,552,966,667 


48 2066 - 54,254,545 54,254,545 $11,302,860,101 $39,757,072,286 $2,991,428,696 $10,522,155,086 
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Year 
Annual Emissions (MtCO2e) Social Cost of Carbon (0%) Discount Rate (2.75%) 


Construction Operations Total GHG SCC (WADOC) SCC (Stanford) SCC (WADOC) SCC (Stanford) 


49 2067 - 54,254,545 54,254,545 $11,557,174,453 $40,731,120,557 $2,976,871,865 $10,491,433,465 


50 2068 - 54,254,545 54,254,545 $11,817,210,878 $41,729,033,011 $2,962,385,871 $10,460,801,543 


Total 50-Year 215,593 2,407,846,364 2,408,061,957 $336,390,174,417 $1,146,857,208,482 $146,555,378,957 $495,261,512,638 


 


The Upper Bound scenario, with 780 million tons of C02e emissions across 20 years multiplied by the Washington State SCC value totals 
over $74.8 billion in damages. Using the Stanford SSC value, damages increase to $246 billion. At 50-years, with 2.4 billion tons of CO2e 
emissions, damages increase to $336 billion using the Washington State and over $1.146 trillion with the Stanford SSC value (Moore and 
Diaz, 2015), both calculated with a discount rate of zero. The 50-year damages at a 2.75% discount rate for the Washington State SCC is over 
$146 billion and with the Stanford SSC over $495 billion.  
 


3.4.2 Costs from Emissions Released in Washington State  
Tables 5, 6 and 7 utilize Project Action emissions data from the GHG Technical Report for the three market/emissions scenarios: 2015 
Energy Policy (1), No Climate Plan (2), and Upper Bound (4) scenarios. These tables show for each scenario the construction, operations, and 
total GHG emissions within Washington State. Damages were again calculated with the Washington State and Stanford University social 
cost of carbon estimates and two discount rates.  


Table 5: 2015 Energy Policy Scenario MBT-L Social Cost of CO2e Emissions, 2019-2038: Washington State (Including Cowlitz Co.) 


Year 
Annual Emissions (MtCO2e) Social Cost of Carbon (0%) Discount Rate (2.75%) 


Construction Operations Total GHG SCC (WADOC) SCC (Stanford) SCC (WADOC) SCC (Stanford) 


1 2019 107,797 - 107,797 $7,891,890 $25,323,322 $7,475,106 $23,985,955 


2 2020 107,797 - 107,797 $8,069,457 $25,943,743 $7,438,730 $23,915,923 


3 2021 - 126,344 126,344 $9,670,693 $31,152,619 $8,676,214 $27,949,062 


4 2022 - 126,344 126,344 $9,888,284 $31,915,858 $8,633,994 $27,867,459 


5 2023 - 126,344 126,344 $10,110,770 $32,697,797 $8,591,980 $27,786,094 


6 2024 - 126,344 126,344 $10,338,262 $33,498,893 $8,550,170 $27,704,967 


7 2025 - 126,344 126,344 $10,570,873 $34,319,616 $8,508,563 $27,624,077 
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Year 
Annual Emissions (MtCO2e) Social Cost of Carbon (0%) Discount Rate (2.75%) 


Construction Operations Total GHG SCC (WADOC) SCC (Stanford) SCC (WADOC) SCC (Stanford) 


8 2026 - 126,344 126,344 $10,808,718 $35,160,446 $8,467,159 $27,543,423 


9 2027 - 126,344 126,344 $11,051,914 $36,021,877 $8,425,956 $27,463,004 


10 2028 - 370,000 370,000 $33,093,897 $108,075,040 $24,555,443 $80,190,934 


11 2029 - 370,000 370,000 $33,838,510 $110,722,879 $24,435,952 $79,956,800 


12 2030 - 370,000 370,000 $34,599,876 $113,435,589 $24,317,042 $79,723,349 


13 2031 - 370,000 370,000 $35,378,374 $116,214,761 $24,198,711 $79,490,580 


14 2032 - 370,000 370,000 $36,174,387 $119,062,023 $24,080,956 $79,258,491 


15 2033 - 370,000 370,000 $36,988,311 $121,979,042 $23,963,774 $79,027,079 


16 2034 - 370,000 370,000 $37,820,548 $124,967,529 $23,847,162 $78,796,343 


17 2035 - 370,000 370,000 $38,671,510 $128,029,233 $23,731,117 $78,566,281 


18 2036 - 370,000 370,000 $39,541,619 $131,165,950 $23,615,637 $78,336,890 


19 2037 - 370,000 370,000 $40,431,305 $134,379,515 $23,500,719 $78,108,169 


20 2038 - 370,000 370,000 $41,341,010 $137,671,814 $23,386,360 $77,880,116 


Total 20-Year 215,593 4,954,408 5,170,000 $496,280,206 $1,631,737,548 $338,400,745 $1,111,174,997 


21 2039 - 370,000 370,000 $42,271,182 $141,044,773 $23,272,558 $77,652,729 


22 2040 - 370,000 370,000 $43,222,284 $144,500,370 $23,159,310 $77,426,006 


23 2041 - 370,000 370,000 $44,194,785 $148,040,629 $23,046,612 $77,199,945 


24 2042 - 370,000 370,000 $45,189,168 $151,667,624 $22,934,463 $76,974,543 


25 2043 - 370,000 370,000 $46,205,924 $155,383,481 $22,822,860 $76,749,800 


26 2044 - 370,000 370,000 $47,245,558 $159,190,377 $22,711,800 $76,525,713 


27 2045 - 370,000 370,000 $48,308,583 $163,090,541 $22,601,280 $76,302,280 


28 2046 - 370,000 370,000 $49,395,526 $167,086,259 $22,491,298 $76,079,500 


29 2047 - 370,000 370,000 $50,506,925 $171,179,872 $22,381,852 $75,857,370 


30 2048 - 370,000 370,000 $51,643,331 $175,373,779 $22,272,938 $75,635,889 


31 2049 - 370,000 370,000 $52,805,306 $179,670,437 $22,164,553 $75,415,054 
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Year 
Annual Emissions (MtCO2e) Social Cost of Carbon (0%) Discount Rate (2.75%) 


Construction Operations Total GHG SCC (WADOC) SCC (Stanford) SCC (WADOC) SCC (Stanford) 


32 2050 - 370,000 370,000 $53,993,425 $184,072,363 $22,056,697 $75,194,864 


33 2051 - 370,000 370,000 $55,208,277 $188,582,135 $21,949,365 $74,975,317 


34 2052 - 370,000 370,000 $56,450,464 $193,202,398 $21,842,555 $74,756,411 


35 2053 - 370,000 370,000 $57,720,599 $197,935,856 $21,736,266 $74,538,144 


36 2054 - 370,000 370,000 $59,019,313 $202,785,285 $21,630,493 $74,320,514 


37 2055 - 370,000 370,000 $60,347,247 $207,753,524 $21,525,235 $74,103,520 


38 2056 - 370,000 370,000 $61,705,060 $212,843,486 $21,420,489 $73,887,160 


39 2057 - 370,000 370,000 $63,093,424 $218,058,151 $21,316,253 $73,671,431 


40 2058 - 370,000 370,000 $64,513,026 $223,400,576 $21,212,525 $73,456,332 


41 2059 - 370,000 370,000 $65,964,569 $228,873,890 $21,109,301 $73,241,861 


42 2060 - 370,000 370,000 $67,448,772 $234,481,300 $21,006,579 $73,028,016 


43 2061 - 370,000 370,000 $68,966,369 $240,226,092 $20,904,357 $72,814,795 


44 2062 - 370,000 370,000 $70,518,113 $246,111,631 $20,802,633 $72,602,197 


45 2063 - 370,000 370,000 $72,104,770 $252,141,366 $20,701,404 $72,390,220 


46 2064 - 370,000 370,000 $73,727,128 $258,318,830 $20,600,667 $72,178,862 


47 2065 - 370,000 370,000 $75,385,988 $264,647,641 $20,500,420 $71,968,121 


48 2066 - 370,000 370,000 $77,082,173 $271,131,508 $20,400,662 $71,757,995 


49 2067 - 370,000 370,000 $78,816,521 $277,774,230 $20,301,388 $71,548,482 


50 2068 - 370,000 370,000 $80,589,893 $284,579,699 $20,202,598 $71,339,582 


Total 50-Year 215,593 16,054,408 16,270,001 $2,279,923,911 $7,774,885,654 $989,480,157 $3,344,767,648 


 
 
Under scenario 1, emissions are estimated at 5.17 million tons of CO2e in Washington State across 20 years, totaling $496 million in 
damages with the Washington SSC and a discount rate of zero. Damages increase to $1.6 billion with the Stanford SSC and a discount rate of 
zero. At 50-years under this scenario, the Proposed Action is estimated to release 16.2 million tons of CO2e within Washington State, 
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totaling over $2.2 billion in damages (Washington SSC, 0%), and with the more comprehensive Stanford SSC, damages total more than $7.7 
billion. The 50-year damages at a 2.75% discount rate for the Washington State SCC is over $989 million and with the Stanford SSC over 
$3.34 billion.  
 


Table 6: Upper Bound Scenario MBT-L Social Cost of CO2e Emissions, 2019-2038: Washington State (Including Cowlitz Co.) 


Year 
Annual Emissions (MtCO2e) Social Cost of Carbon (0%) Discount Rate (2.75%) 


Construction Operations Total GHG SCC (WADOC) SCC (Stanford) SCC (WADOC) SCC (Stanford) 


1 2019 107,797 - 107,797 $7,891,890 $25,323,322 $7,475,106 $23,985,955 


2 2020 107,797 - 107,797 $8,069,457 $25,943,743 $7,438,730 $23,915,923 


3 2021 - 99,201 99,201 $7,593,098 $24,459,974 $6,812,268 $21,944,651 


4 2022 - 99,201 99,201 $7,763,943 $25,059,243 $6,779,118 $21,880,579 


5 2023 - 99,201 99,201 $7,938,632 $25,673,195 $6,746,129 $21,816,694 


6 2024 - 99,201 99,201 $8,117,251 $26,302,188 $6,713,302 $21,752,995 


7 2025 - 99,201 99,201 $8,299,889 $26,946,592 $6,680,633 $21,689,483 


8 2026 - 99,201 99,201 $8,486,637 $27,606,783 $6,648,124 $21,626,156 


9 2027 - 99,201 99,201 $8,677,586 $28,283,150 $6,615,773 $21,563,014 


10 2028 - 360,000 360,000 $32,199,468 $105,154,093 $23,891,783 $78,023,611 


11 2029 - 360,000 360,000 $32,923,956 $107,730,369 $23,775,521 $77,795,805 


12 2030 - 360,000 360,000 $33,664,745 $110,369,763 $23,659,825 $77,568,664 


13 2031 - 360,000 360,000 $34,422,201 $113,073,822 $23,544,692 $77,342,186 


14 2032 - 360,000 360,000 $35,196,701 $115,844,130 $23,430,119 $77,116,370 


15 2033 - 360,000 360,000 $35,988,627 $118,682,312 $23,316,104 $76,891,212 


16 2034 - 360,000 360,000 $36,798,371 $121,590,028 $23,202,644 $76,666,712 


17 2035 - 360,000 360,000 $37,626,334 $124,568,984 $23,089,735 $76,442,868 


18 2036 - 360,000 360,000 $38,472,927 $127,620,924 $22,977,377 $76,219,677 


19 2037 - 360,000 360,000 $39,338,567 $130,747,637 $22,865,565 $75,997,138 







 


 


Reproduction of this publication for educational or other non-commercial purposes is authorized without prior 
written permission from the author, provided the source is fully acknowledged. Reproduction of this publication 
for resale or other commercial purposes is prohibited without prior written permission of the author. 112 


 
 


Year 
Annual Emissions (MtCO2e) Social Cost of Carbon (0%) Discount Rate (2.75%) 


Construction Operations Total GHG SCC (WADOC) SCC (Stanford) SCC (WADOC) SCC (Stanford) 


20 2038 - 360,000 360,000 $40,223,685 $133,950,954 $22,754,297 $75,775,248 


Total 20-Year 215,593 4,654,407 4,870,000 $469,693,962 $1,544,931,206 $318,416,844 $1,046,014,941 


21 2039 - 360,000 360,000 $41,128,718 $137,232,752 $22,643,570 $75,554,007 


22 2040 - 360,000 360,000 $42,054,114 $140,594,955 $22,533,382 $75,333,411 


23 2041 - 360,000 360,000 $43,000,332 $144,039,531 $22,423,731 $75,113,460 


24 2042 - 360,000 360,000 $43,967,839 $147,568,499 $22,314,613 $74,894,150 


25 2043 - 360,000 360,000 $44,957,116 $151,183,928 $22,206,026 $74,675,481 


26 2044 - 360,000 360,000 $45,968,651 $154,887,934 $22,097,968 $74,457,451 


27 2045 - 360,000 360,000 $47,002,945 $158,682,688 $21,990,435 $74,240,057 


28 2046 - 360,000 360,000 $48,060,512 $162,570,414 $21,883,425 $74,023,297 


29 2047 - 360,000 360,000 $49,141,873 $166,553,389 $21,776,937 $73,807,171 


30 2048 - 360,000 360,000 $50,247,565 $170,633,947 $21,670,966 $73,591,675 


31 2049 - 360,000 360,000 $51,378,136 $174,814,479 $21,565,511 $73,376,809 


32 2050 - 360,000 360,000 $52,534,144 $179,097,434 $21,460,570 $73,162,570 


33 2051 - 360,000 360,000 $53,716,162 $183,485,321 $21,356,139 $72,948,957 


34 2052 - 360,000 360,000 $54,924,775 $187,980,711 $21,252,216 $72,735,967 


35 2053 - 360,000 360,000 $56,160,583 $192,586,239 $21,148,799 $72,523,600 


36 2054 - 360,000 360,000 $57,424,196 $197,304,602 $21,045,885 $72,311,852 


37 2055 - 360,000 360,000 $58,716,240 $202,138,564 $20,943,472 $72,100,722 


38 2056 - 360,000 360,000 $60,037,356 $207,090,959 $20,841,557 $71,890,209 


39 2057 - 360,000 360,000 $61,388,196 $212,164,688 $20,740,138 $71,680,311 


40 2058 - 360,000 360,000 $62,769,431 $217,362,722 $20,639,213 $71,471,025 


41 2059 - 360,000 360,000 $64,181,743 $222,688,109 $20,538,779 $71,262,351 


42 2060 - 360,000 360,000 $65,625,832 $228,143,968 $20,438,834 $71,054,286 


43 2061 - 360,000 360,000 $67,102,413 $233,733,495 $20,339,375 $70,846,828 


44 2062 - 360,000 360,000 $68,612,218 $239,459,966 $20,240,400 $70,639,976 


45 2063 - 360,000 360,000 $70,155,993 $245,326,735 $20,141,906 $70,433,728 


46 2064 - 360,000 360,000 $71,734,502 $251,337,240 $20,043,892 $70,228,082 


47 2065 - 360,000 360,000 $73,348,529 $257,495,002 $19,946,355 $70,023,036 
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Year 
Annual Emissions (MtCO2e) Social Cost of Carbon (0%) Discount Rate (2.75%) 


Construction Operations Total GHG SCC (WADOC) SCC (Stanford) SCC (WADOC) SCC (Stanford) 


48 2066 - 360,000 360,000 $74,998,871 $263,803,630 $19,849,292 $69,818,589 


49 2067 - 360,000 360,000 $76,686,345 $270,266,819 $19,752,702 $69,614,739 


50 2068 - 360,000 360,000 $78,411,788 $276,888,356 $19,656,582 $69,411,485 


Total 50-Year 215,593 15,454,407 15,670,000 $2,205,131,080 $7,522,048,281 $951,899,515 $3,219,240,223 


 
 
The Proposed Action Upper Bound Scenario is estimated to produce 4.87 million tons of CO2e emissions in Washington State across 20 
years, totaling $470 million in damages with the Washington SSC (0% discount rate), and $1.5 billion in damages with the Stanford SSC (0%). 
At 50-years, the Proposed Action Upper Bound scenario is estimated to release 15.6 million tons of CO2e within Washington state with $2.2 
billion in damages using the Washington State SSC, and $7.5 billion in damages using the more comprehensive Stanford SSC, both calculated 
with a discount rate of zero. The 50-year damages at a 2.75% discount rate for the Washington State SCC is over $951 million and with the 
Stanford SSC over $3.21 billion.  


 


Table 7: No Climate Power Plan Scenario MBT-L Social Cost of CO2e Emissions, 2019-2038: Washington State (Including Cowlitz Co.) 


Year 
Annual Emissions (MtCO2e) Social Cost of Carbon (0%) Discount Rate (2.75%) 


Construction Operations Total GHG SCC (WADOC) SCC (Stanford) SCC (WADOC) SCC (Stanford) 


1 2019 107,797 - 107,797 $7,891,890 $25,323,322 $7,475,106 $23,985,955 


2 2020 107,797 - 107,797 $8,069,457 $25,943,743 $7,438,730 $23,915,923 


3 2021 - 154,915 154,915 $11,857,590 $38,197,366 $10,638,224 $34,269,368 


4 2022 - 154,915 154,915 $12,124,386 $39,133,201 $10,586,456 $34,169,311 


5 2023 - 154,915 154,915 $12,397,185 $40,091,965 $10,534,941 $34,069,547 


6 2024 - 154,915 154,915 $12,676,122 $41,074,218 $10,483,676 $33,970,074 


7 2025 - 154,915 154,915 $12,961,334 $42,080,536 $10,432,660 $33,870,891 


8 2026 - 154,915 154,915 $13,252,964 $43,111,509 $10,381,893 $33,771,998 


9 2027 - 154,915 154,915 $13,551,156 $44,167,741 $10,331,373 $33,673,393 
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Year 
Annual Emissions (MtCO2e) Social Cost of Carbon (0%) Discount Rate (2.75%) 


Construction Operations Total GHG SCC (WADOC) SCC (Stanford) SCC (WADOC) SCC (Stanford) 


10 2028 - 370,000 370,000 $33,093,897 $108,075,040 $24,555,443 $80,190,934 


11 2029 - 370,000 370,000 $33,838,510 $110,722,879 $24,435,952 $79,956,800 


12 2030 - 370,000 370,000 $34,599,876 $113,435,589 $24,317,042 $79,723,349 


13 2031 - 370,000 370,000 $35,378,374 $116,214,761 $24,198,711 $79,490,580 


14 2032 - 370,000 370,000 $36,174,387 $119,062,023 $24,080,956 $79,258,491 


15 2033 - 370,000 370,000 $36,988,311 $121,979,042 $23,963,774 $79,027,079 


16 2034 - 370,000 370,000 $37,820,548 $124,967,529 $23,847,162 $78,796,343 


17 2035 - 370,000 370,000 $38,671,510 $128,029,233 $23,731,117 $78,566,281 


18 2036 - 370,000 370,000 $39,541,619 $131,165,950 $23,615,637 $78,336,890 


19 2037 - 370,000 370,000 $40,431,305 $134,379,515 $23,500,719 $78,108,169 


20 2038 - 370,000 370,000 $41,341,010 $137,671,814 $23,386,360 $77,880,116 


Total 20-Year 215,593 5,154,405 5,370,000 $512,661,430 $1,684,826,978 $351,935,932 $1,155,031,493 


21 2039 - 370,000 370,000 $42,271,182 $141,044,773 $23,272,558 $77,652,729 


22 2040 - 370,000 370,000 $43,222,284 $144,500,370 $23,159,310 $77,426,006 


23 2041 - 370,000 370,000 $44,194,785 $148,040,629 $23,046,612 $77,199,945 


24 2042 - 370,000 370,000 $45,189,168 $151,667,624 $22,934,463 $76,974,543 


25 2043 - 370,000 370,000 $46,205,924 $155,383,481 $22,822,860 $76,749,800 


26 2044 - 370,000 370,000 $47,245,558 $159,190,377 $22,711,800 $76,525,713 


27 2045 - 370,000 370,000 $48,308,583 $163,090,541 $22,601,280 $76,302,280 


28 2046 - 370,000 370,000 $49,395,526 $167,086,259 $22,491,298 $76,079,500 


29 2047 - 370,000 370,000 $50,506,925 $171,179,872 $22,381,852 $75,857,370 


30 2048 - 370,000 370,000 $51,643,331 $175,373,779 $22,272,938 $75,635,889 


31 2049 - 370,000 370,000 $52,805,306 $179,670,437 $22,164,553 $75,415,054 


32 2050 - 370,000 370,000 $53,993,425 $184,072,363 $22,056,697 $75,194,864 


33 2051 - 370,000 370,000 $55,208,277 $188,582,135 $21,949,365 $74,975,317 


34 2052 - 370,000 370,000 $56,450,464 $193,202,398 $21,842,555 $74,756,411 


35 2053 - 370,000 370,000 $57,720,599 $197,935,856 $21,736,266 $74,538,144 







 


 


Reproduction of this publication for educational or other non-commercial purposes is authorized without prior 
written permission from the author, provided the source is fully acknowledged. Reproduction of this publication 
for resale or other commercial purposes is prohibited without prior written permission of the author. 115 


 
 


Year 
Annual Emissions (MtCO2e) Social Cost of Carbon (0%) Discount Rate (2.75%) 


Construction Operations Total GHG SCC (WADOC) SCC (Stanford) SCC (WADOC) SCC (Stanford) 


36 2054 - 370,000 370,000 $59,019,313 $202,785,285 $21,630,493 $74,320,514 


37 2055 - 370,000 370,000 $60,347,247 $207,753,524 $21,525,235 $74,103,520 


38 2056 - 370,000 370,000 $61,705,060 $212,843,486 $21,420,489 $73,887,160 


39 2057 - 370,000 370,000 $63,093,424 $218,058,151 $21,316,253 $73,671,431 


40 2058 - 370,000 370,000 $64,513,026 $223,400,576 $21,212,525 $73,456,332 


41 2059 - 370,000 370,000 $65,964,569 $228,873,890 $21,109,301 $73,241,861 


42 2060 - 370,000 370,000 $67,448,772 $234,481,300 $21,006,579 $73,028,016 


43 2061 - 370,000 370,000 $68,966,369 $240,226,092 $20,904,357 $72,814,795 


44 2062 - 370,000 370,000 $70,518,113 $246,111,631 $20,802,633 $72,602,197 


45 2063 - 370,000 370,000 $72,104,770 $252,141,366 $20,701,404 $72,390,220 


46 2064 - 370,000 370,000 $73,727,128 $258,318,830 $20,600,667 $72,178,862 


47 2065 - 370,000 370,000 $75,385,988 $264,647,641 $20,500,420 $71,968,121 


48 2066 - 370,000 370,000 $77,082,173 $271,131,508 $20,400,662 $71,757,995 


49 2067 - 370,000 370,000 $78,816,521 $277,774,230 $20,301,388 $71,548,482 


50 2068 - 370,000 370,000 $80,589,893 $284,579,699 $20,202,598 $71,339,582 


Total 50-Year 215,593 16,254,405 16,469,998 $2,296,305,135 $7,827,975,084 $1,003,015,344 $3,388,624,144 


 
 
Under the No Climate Plan Scenario, the Proposed Action is estimated to release 5.37 million tons of CO2e emissions in Washington State 
across 20 years, totaling $512 million in damages, using the Washington SSC and a discount rate of zero. Damages increase to $1.7 billion 
when using the Stanford SSC and a discount rate of zero. At 50 years, the Proposed Action Upper Bound scenario is estimated to release 
16.4 million tons of CO2e within Washington State, totaling $2.3 billion in damages using the Washington SSC and a discount rate of zero. 
Damages increase to more than $7.8 billion when using the Stanford SSC and a discount rate of zero. The 50-year damages at a 2.75% 
discount rate for the Washington State SCC is over $1billion and with the Stanford SSC over $3.4 billion.  
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Table 8: Summary of Estimated Costs from Washington State Greenhouse Gas Emissions (Including Cowlitz Co.) MBT-L 2019-2038 


Estimated Total Costs from GHG Emissions within Washington State (including Cowlitz Co.) 


 
2015 Energy 


Policy 
Upper Bound 


No Clean Power 
Plan 


2015 Energy Plan Upper Bound 
No Clean Power 


Plan 


WADOC SCC SCC (WADOC) – 0% Discount Rate SCC (WADOC) – 2.75% Discount Rate 


20 – Year Total $496,280,206 $469,693,962 $512,661,430 $338,400,745 $318,416,844 $351,935,932 


50 – Year Total $2,279,923,911 $2,205,131,080 $2,296,305,135 $989,480,157 $951,899,515 $1,003,015,344 


Stanford SCC SCC (Stanford) – 0% Discount Rate SCC (Stanford) – 2.75% Discount Rate 


20 – Year Total $1,631,737,548 $1,544,931,206 $1,684,826,978 $1,111,174,997 $1,046,014,941 $1,155,031,493 


50 – Year Total $7,774,885,654 $7,522,048,281 $7,827,975,084 $3,344,767,648 $3,219,240,223 $3,388,624,144 
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Summary Table 8 shows the estimated damages of the Proposed Action from GHG 
emissions within Washington State (including Cowlitz Co.). Three scenarios developed in 
the GHG Technical Report (Cowlitz County and Ecology, 2017b) are presented with two 
SSC values (WADOC and Stanford), and discounted at 0% and 2.75% over the 20 – year 
period and 50 – year period. See Tables 5-7 for annual costs associated for each 
emissions scenario.  
 
One of the challenges of climate change has been that global temperatures have been 
rising rapidly, and natural disasters driven by costs have been rising sharply (Swiss Re 
Institute, 2018). These are low estimates. A single disaster driven to a larger size by 
climate change could easily cost far beyond $1 billion, according to flood scenarios that 
the State of Washington has developed (WADOE, 2016). 
 
The Proposed Action greenhouse gas emissions are substantial within Washington State 
with substantial associated damages. The 2015 Energy Policy Scenario, with the most 
conservative approach to global future damages and discounted at 2.75% would yet 
result in nearly $1 billion in damages. Damages with the more comprehensive Stanford 
value and a zero-discount rate would show damages on the order of $7.7 billion. Any of 
the Proposed Action scenarios examined would result in substantial damages. 


3.5 Opinion 
The science of global warming is well known and well published in thousands of 
academic journal articles. Anthropogenic greenhouse gas emissions are increasing the 
concentrations of these gasses in the earth’s atmosphere. This is warming the earth’s 
atmosphere, oceans, glaciers, and lands. The marginal increase in global temperatures 
caused by anthropogenic greenhouse gas sources is driving increased economic costs. 
Dollar damages from drought, wildfires, floods, hurricanes, hail, sea level rise, ocean 
acidification, and other climate-driven disasters are increasing in frequency and severity. 
These rising climate-related costs are due to anthropocentric greenhouse gas emissions, 
including burning coal. 
  
As the frequency and severity of climate-related disasters increase, so do the economic 
damages to communities across the world and in Washington State. Last year, was a 
record-setting year in the United States for climate-related disaster damages, totaling in 
the hundreds of billions.  
 
The emissions released by the Proposed Action during construction, operations, and as a 
result of the combustion of exported coal were estimated with reasonable engineering 
certainty in the FEIS GHG Technical Report (Cowlitz County and Ecology, 2017b) and 
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other supporting documents and to a technical quality that can be applied to estimate 
the economic costs of these emissions.  
 
The report calculates two damage estimates for project-related emissions. One with a 
lower value for the social cost of carbon emissions, based on the value adopted by the 
State of Washington $72/MtCO2e (2017 dollars), and one with a higher value based on 
a Stanford University value at $229/MtCO2e (2017 dollars).  
 
Opinion 1: Green House Gas Emissions Damages Due to Proposed Action Net GHG 
Emissions within Washington State: Most Conservative Estimated Damages 
It is my opinion that there is reasonable certainty that greenhouse gas-induced 
economic damages will be caused by the Proposed Action with the ramp-up and full 
build out. Following the more conservative 2015 Energy Policy scenario, which assumes 
national and international policies that slow GHG emissions and applying the more 
conservative Washington State Department of Commerce social cost of carbon value, I 
estimate the most conservative increased damages from GHG emissions within 
Washington State as a result of the Proposed Action at full build out would be over $951 
million at a 2.75% discount rate calculated over 50 years. Considering damages to 
people in the future as equal to present damages (zero discount rate) the damages 
would be $2.2 billion over 50 years.  


 
Opinion 2: Green House Gas Emissions Damages Due to Proposed Action Net GHG 
Emissions within Washington State: More Comprehensive Estimated Damages 
Informed by climate-related damage trends, the recent October 2018 United Nation’s 
climate impacts study, a suite of studies from the University of Washington on 
accelerating climate impacts within the state, and the more recent and comprehensive 
approach of the Stanford University team to better estimate the social cost of carbon, 
but retaining the 2015 Energy Policy Scenario projections for GHG emissions reported in 
the FEIS, and including only Proposed Action emissions within Washington State, it is my 
opinion that the cost of Proposed Action-related carbon emissions may be much higher 
than the conservatively estimated opinion above. 
 
Considering a more comprehensive estimate of the social cost of carbon emissions at 
full project build out with the Stanford values it is my opinion that the Proposed Action 
damages from Washington State emissions are on the order of $3.3 billion with a 2.75% 
discount rate, and $7.7 billion with a zero-discount rate, estimated over 50 years. If 
effective mitigation actions were taken, lowering net carbon emissions, these values 
would be lowered accordingly. 
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4 Noise and Vibration Costs 


4.1 Introduction 
The Proposed Action will increase the number of trains traveling along the rail line 
through Cowlitz County and Washington State during construction and operations. 
Residents along the rail line will be subject to additional noise impacts due to this 
increase in rail traffic. Noise is defined as a loud or unpleasant sound that causes 
disturbance or any sound that is undesired or interferes with one’s hearing of 
something. Noise is considered a pollutant which damages health; it can have auditory 
and non-auditory health effects. These negative effects on human health include 
annoyance, reduced productivity and cognitive performance, sleep disturbance, and 
extended recovery from existing shocks and stressors (Basner, Babisch, Davis et al., 
2014; Hammer, Swinburn, and Neitzel, 2014; Passchier-Vermeer and Passchier, 2000; 
Recio, Linares, Banegas et al., 2016). Recent literature has identified quantifiable health 
impacts from marginal increases in decibel exposure (Dickens, Angulo, Turner et al., 
2014). As the number of trains increases, individuals working or residing in proximity to 
the rail line will be negatively impacted by the increase in noise. The FEIS Technical 
Report on Noise and Vibration (Cowlitz County and Ecology, 2017a) identifies noise 
impacts generated by the increase in rail traffic during construction and operations of 
the proposed terminal. This analysis only estimates the noise impacts associated with 
operations, although impacts from noise during construction and vibration impacts are 
also expected. The FEIS Report Volume 1 Section 5.5.8 states that the noise impacts due 
to an increase in train traffic is “an unavoidable and significant adverse impact” (Cowlitz 
County and Ecology, 2017b).   


4.2 Methods 
Noise impacts were calculated using the Final Environmental Impact Statement Noise 
and Vibration Technical Report (Cowlitz County and Ecology, 2017a) and information 
from the United Kingdom Department of Environment, Food, and Rural Affairs 
(UKDEFR), with particular contributions from the Interdepartmental Group on Costs and 
Benefits Noise Subject Group. The FEIS Noise and Vibration report identified specific 
households that would be impacted, categorized as moderate or severe based on the 
change from existing ambient noise levels and predicted noise levels due to the 
Proposed Action. The UKDEFR published a report, “Environmental Noise: Valuing 
impacts on: sleep disturbance, annoyance, hypertension, productivity and quiet,” that 
identifies specific marginal costs associated with an increase in decibels that an 
individual is subject to, i.e. the cost for each additional decibel realized in the 
environment (Dickens et al., 2014). This chapter provides both the increase in decibels 
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realized due to the Proposed Action and the marginal cost for each additional decibel. 
These figures were used to estimate the total cumulative impact to households that are 
moderately and severely impacted by the noise level increases due to the Proposed 
Action. 
 
Vibrations are also considered as an impact from the Proposed Action. While vibration 
impacts are identified in the FEIS Noise and Vibration Technical Report, this analysis 
does not attempt to attribute monetary value to vibration impacts. 
 
The initial damage assessment examines health impacts within Cowlitz County using 
data reported in the FEIS Noise and Vibration Technical Report. This analysis is 
extrapolated throughout Washington State using the contour lines defined in the FEIS 
that outline the distance for moderate to severe impacts. The contour lines provide a 
sound distance from the rail crossing that can be applied across the state. The results 
exclude crossings that have existing noise ordinances that ban the use of the train horn. 
Noise related to train engines and rail cars is not included. By extrapolating the horn 
noise impact contour lines in Cowlitz County to other crossings with horn use, the 
analysis is able to estimate the impact of additional train movement and subsequent 
Proposed Action noise increases throughout the state. 


4.2.1 Definitions and Assumptions 
 
Day-night sound level (Ldn): is the A-weighted Leq for a 24-hour period with a 10-
decibel penalty applied to noise levels between 10 p.m. and 7 a.m. 
 
Leq: Equivalent Nose Level, used to describe the total sound energy measured over a 
stated time period. In the Ecology report, Leq is “generally referenced to 1 hour unless 
otherwise indicated”. 
 
Quiet Zone: As stated by the Federal Railroad Administration, “A quiet zone is a section 
of a rail line at least one‐half mile in length that contains one or more consecutive public 
highway‐rail grade crossings at which locomotive horns are not routinely sounded when 
trains are approaching the crossings. The prohibited use of train horns at quiet zones 
only applies to trains when approaching and entering crossings and does not include 
train horn use within passenger stations or rail yards.  Train horns may be sounded in 
emergency situations or to comply with other railroad or FRA rules even within a quiet 
zone. Quiet zone regulations also do not eliminate the use of locomotive bells at 
crossings. Therefore, a more appropriate description of a designated quiet zone would 
be a ‘reduced train horn area’ ” (FRA, n.d., pg. 2). 
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Statewide Noise Impact: This analysis assumes that noise impacts at crossings in 
Washington State not listed as Quiet Zones will have comparable noise levels and 
subsequent impacts to nearby residences as those crossings modeled in Cowlitz County. 


4.2.2 Estimating Per-Unit Impacts 
Millennium Bulk Terminal – Longview, LLC (MBT-L) anticipates a maximum annual 
throughput capacity of up to 44 million metric tons of coal per year at full terminal 
operations. Movements of coal would arrive by train via the Reynolds Lead and BNSF 
Spur track from the BNSF main line to the east in Kelso, Washington and be exported via 
vessels transiting the Columbia River. Operations would occur 24 hours per day, 7 days 
per week. The terminal is designed for a minimum 30-year period of operation. 
Approximately 8 loaded trains will enter and 8 empty trains will leave the export 
terminal each day. The Washington State Department of Ecology (Ecology) provided 
information for the number of empty and full trains moving throughout the state. Each 
train creates additional noise that increases the average daily decibels impacting nearby 
residents. These noise level impacts have direct health impacts on individuals, ranging 
from sleep disturbance to hypertension. Noise impacts vary based on the existing 
ambient noise levels and the increases projected due to the Proposed Action. 
 
The primary source of noise impacts occurs from train horns. As stated in the FEIS Noise 
and Vibration Technical Report (Cowlitz County and Ecology, 2017a): 
 


“The noise model included the FRA provision that horns be sounded not fewer 
than 15 seconds or more than 20 seconds before the locomotive reaches a 
crossing. To be conservative, the analysis assumes locomotive horn sounding 
would begin 20 seconds before the locomotive reaches a crossing (or 600 feet at 
20 miles per hour) with a source reference level of 113 dBA SEL, per the FRA 
guidelines (2012) for assessing train horn noise impacts in the vicinity of grade 
crossings. 
  
“Day-night sound level (Ldn) is the A-weighted Leq for a 24-hour period with a 
10-decibel penalty applied to noise levels between 10 p.m. and 7 a.m. To 
calculate the Ldn metric, it is necessary to define the number of trains that pass 
during daytime hours (7 a.m. to 10 p.m.) and nighttime hours (10 p.m. to 7 a.m.). 
The proposed coal export terminal would operate 24 hours a day and 7 days a 
week. For the Ldn calculations, it was assumed rail traffic would be evenly 
distributed; therefore, 62.5% of the daily train traffic was assumed to pass in the 
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day and the remaining 37.5% was assumed to pass in the night” (Cowlitz County 
and Ecology, 2017a, pg. 2-20).  


 
The decibel level occurring at the site of the horn sounding is 113 dBA SEL (sound 
exposure level). It is important to note that the decibel level increase is estimated as an 
A-weighted decibel (dBA), which means the noise impact has been weighted. Recent 
literature suggests that the weighting embedded in the dBA unit may underestimate 
loudness for decibel levels above 60 dB (St. Pierre, Jr. and Maguire, 2004). It is also 
important to note that the noise contours estimated provide results in day-to-night 
average noise levels (Ldn) which would also underestimate train horn noise impacts, 
which are acute over a 20-second period. While this is the best available science in 
measuring noise impacts, this method underestimates the noise impacts from train horn 
sounding.  
 
The noise impact is categorized as moderate or severe based on Federal Trade 
Administration and Federal Railroad Administration guidance; stated in the FEIS 
Technical Report on Noise and Vibration: 
 
“The FTA/FRA guidance defines two levels of potential impact, moderate impact or 
severe impact. The level of impact is determined by the existing level of noise exposure 
and the change in noise exposure that would result from the Proposed Action using a 
sliding scale according to the land uses affected. Noise impacts are assessed by 
comparing the existing outdoor noise exposure with Proposed Action-related outdoor 
noise levels, as illustrated in Figure 6. The criterion for each degree of impact is based 
on a sliding scale that is dependent on the existing noise exposure and noise exposure 
with project-related trains. As the existing level of noise exposure increases, the 
additional noise exposure causing a moderate or severe impact decreases” (Cowlitz 
County and Ecology, 2017a, pg. 2-25). 
 
Noise receptors within the study area were analyzed to obtain existing levels of noise, 
and the Cadna/A® model was used to predicting noise levels resulting from both the 
Proposed Action and No-Action alternatives. The FEIS provides a summary of methods 
used for measuring existing ambient sound levels and predicting future sound levels. 
The FEIS Technical Report on Noise and Vibration notes the following:  
 


“Field surveys were performed from October 28 through November 10, 2014, 
and from January 11 through January 16, 2015, to measure existing outdoor 
ambient sound levels at representative noise-sensitive receptors (ambient noise 
levels). Noise-sensitive receptors include residential and industrial land uses such 
as schools and churches (Figure 4). The surveys focused on locations in the study 
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areas where noise-sensitive receptors (mostly residential properties) could be 
exposed to noise from project activities and where receptors are close to 
railroad grade crossings. Institutional noise-sensitive receptors, such as schools 
and churches, were also considered during the selection of the ambient survey 
locations.” 
 
Prior to the field survey, the project team coordinated with the City of Longview 
and the Cowlitz County Public Utilities District to identify and access 
representative noise-sensitive receptors where short-term (10-minute) and long-
term (24-hour) sound level meters could be set up for sound pressure level (SPL) 
measurements” (Cowlitz County and Ecology, 2017a, pg. 2-1). 


 
Figure 1 illustrates the specific locations of short-term and long-term surveys.  


Figure 1. Ambient Sound Pressure Level Survey Locations 


 
Source: Figure 5. Ambient Sound Pressure Level Survey Locations in Cowlitz County and Ecology, 2017a, pg. 2-3.  


 
The Technical Report on Noise and Vibration summarizes the methods for predicting 
noise levels to be generated in the No-Action and Proposed Action alternatives. “The 
Cadna/A® model was used to predict noise levels generated by rail traffic along the 
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BNSF Spur and Reynolds Line for existing conditions (2015), the No-Action Alternative in 
2018 (No Action 2018), the No-Action Alternative in 2028 (No Action 2028), and 
operation of the Proposed Action in 2028 (Operations 2028). A summary of the model 
input is provided in Tables 12 through 15. The noise levels were predicted for trains 
running without sounding horns at crossings and for trains running with horns sounding 
at crossings” (Cowlitz County and Ecology, 2017a, pg. 2-21). 
 
The results of this model are provided in Table 19 of the FEIS Technical Report on Noise 
and Vibration and summarized Table 1 below. 


Table 1. 2028 Noise Impact Assessment with Proposed Action-Related Rail Traffic 
(condensed from source). 


Location 
Measured 


Existing Level, 
Ldn (dBA) 


Total Noise, Ldn 
(dBA) 


Increase (dBA) Impact Type 


N1, 602 California Way  76 78 2 MI 


N1s, 605 California Way  76 79 3 SI 


N2, 111 15th Avenue  73 76 3 SI 


N2s-a, 111 15th Avenue  76 78 2 MI 


N2s-b, 111 15th Avenue  73 76 3 SI 


N2s-c, 139 15th Avenue  71 74 3 SI 


N2s-d, 151 15th Avenue  70 72 2 MI 


N2s-e, 163 15th Avenue  70 72 2 MI 


S10, Alder Street  69 71 2 MI 


Source: Table 19. 2028 Noise Impact Assessment with Proposed Action-Related Rail Traffic. 
Cowlitz County and Ecology, 2017a, pg. 3-9.  


 
The number of residences with moderate or severe impacts from increased noise due to 
train traffic increases during operations are summarized in Table 20 of the FEIS 
Technical Report on Noise and Vibration and in Table 2 below. 
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Table 2. Estimated Number of Noise-Sensitive Receptors with Noise Impacts 
from Proposed Action-Related Train Traffic 


Reynolds Lead Crossing(s) Estimated Number of Receptors Impacted  


 Moderate Impact (a) Severe Impact (a) 


3rd Avenue & California Way  34 single-family residences  10 single-family residences  


Oregon Way & Industrial Way (b)  135 single-family residences  
18 multi-family residences (c)  


34 single-family residences  
5 multi-family residences (e)  


Private driveway at Weyerhaeuser 
(near Douglas Street & 
Washington Way)  


4 single-family residences  
2 multi-family residences (d)  


0  


Total Properties  193  49  


a Per FTA/FRA guidance as described in Section 2.1, Methods.  
b If the Industrial Way/Oregon Way Intersection Project grade-FEISrates the Oregon Way and Industrial Way 
crossings of the Reynolds Lead by 2028, the moderate and severe noise impacts at the Oregon Way and Industrial 
Way crossings would not occur because Proposed Action-related trains would not be required to sound horns for 
public safety at these crossings.  
c Estimated 52 individual residences affected  
d Estimated 4 individual residences affected  
e Estimated 16 individual residences affected  


Source: Table 20. Estimated Number of Noise-Sensitive Receptors with Noise Impacts from Proposed Action-
Related Train Traffic. Cowlitz County and Ecology, 2017a, pg. 3-12.  


 


The residences impacted include both single- and multi-family units. In this context, unit 
and residence are synonymous in order to be consistent with further discussions of 
households in this report. The costs of noise impacts are reported in cost per household. 
In order to estimate the impacts, multi-family units must be converted to single-family 
unit equivalents. The notes section of Table 2 provides estimates of individual units 
affected within each multi-family unit. The 18 multi-family units moderately impacted at 
the Oregon Way & Industrial Way crossing were estimated to equal 52 single-family 
units (note c) and the 5 multi-family units impacted at the Oregon Way & Industrial Way 
crossing were estimated to equal 16 single-family units (note e). The 2 multi-family units 
moderately impacted at the private driveway at Weyerhaeuser (near Douglas Street & 
Washington Way) were estimated to equal 4 single-family units. These estimates were 
used to identify the number of single-family units impacted by increased noise. Noise 
level impacts are estimated as a cost per household, i.e. per unit. The resulting impact is 
229 households moderately impacted and 60 households severely impacted. The 
households, or units, are categorized by crossing and impact level, summarized in 
Table 3. 
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Table 3. Estimated Number of Individual Residences Impacted 


  Moderate Impact Severe Impact 


 3rd Avenue & California Way 34 10 


 Oregon Way & Industrial Way 187 50 


 Private driveway at Weyerhaeuser 
(near Douglas Street & Washington Way) 


8 0 


Total residences 229 60 


Source: Table 20. Estimated Number of Noise-Sensitive Receptors with Noise Impacts from 
Proposed Action-Related Train Traffic. Cowlitz County and Ecology, 2017a, pg. 3-12.  


 


4.2.3 Estimating Statewide Impacts 
To extend the analysis across Washington State, assumptions need to be made 
regarding the scale of the impact and the number of households affected. Cowlitz 
County is highly industrial and many of the households in proximity to the rail line are 
already subject to high levels of noise pollution. Ambient noise levels in Cowlitz County 
from all other sources ranged between 62 and 77 decibels. When noise levels are 
already high, additional noise impacts from the increase in rail transportation are not as 
damaging relative to existing noise impacts. The analysis assumes that all other parcels 
in proximity to rail crossings in Washington State are subject to equal or lesser sound 
pressure levels. This is a reasonable assumption, because residences in proximity to 
industrial zones are often subject to higher levels of noise than residents in proximity to 
urban and rural zones. 
 
The total number of households in Cowlitz County that were subject to moderate and 
severe impacts are illustrated in Figure 16 in the FEIS Noise and Vibration Technical 
Report and Figure 2 below. 
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Figure 2. Noise Impacts from Proposed Action-Related Rail Traffic 


 
Source: Figure 16. Noise Impacts from Proposed Action-Related Rail Traffic. 
Cowlitz County and Ecology, 2017a, pg. 3-11. 


 
The associated contour lines can be found in Figure 14, Noise Contours for Proposed 
Action 2028 Rail Traffic, Mid-Reynolds Lead, Including Train Horns in the FEIS Noise and 
Vibration Technical Report and are illustrated as Figure 3 below. 
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Figure 3. Noise Contours for Proposed Action 2028 Rail Traffic, 
Mid-Reynolds Lead, Including Train Horns. 


 
Source: Figure 14. Noise Contours for Proposed Action 2028 Rail Traffic, Mid-Reynolds Lead  Including Train Horns. 
Cowlitz County and Ecology, 2017a, pg. 3-7.  


 


These contour lines were used to establish distances to map on other crossings 
throughout Washington State. Mapping these figures in ArcGIS, the analysis provided 
distances for moderate and severe impacts that could be transposed onto other 
crossings throughout Washington State. The analysis showed a 0.16-mile buffer for 
those residences subject to severe impacts, and a 0.33-mile buffer for those residences 
subject to moderate impacts. These distances were used to map impacts based on the 
distance from each rail crossing in Washington State. Households with moderate to 
severe impacts were within the 65 and 70 Ldn contour lines. These contour lines were 
mapped onto every crossing in Washington State, excluding those that are established 
Quiet Zones, as defined in Federal Railroad Administration regulations (FRA, n.d.), where 
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train horn sounding is prohibited. The households within each contour line were 
identified and categorized as either moderate or severe impacts. The result is an 
additional 18,965 households that are close enough to the rail crossings to be negatively 
affected by increases in sound pressure levels. Of the total number of households 
impacted outside of Cowlitz County, 14,286 households will be moderately impacted 
and 4,679 will be severely impacted.  


Table 4. Count of Households Impacted Statewide 


 Moderate Impact Severe Impact 


Cowlitz County 229 60 


Statewide (Excluding Cowlitz County) 14,286 4,679 


Total  14,515 4,739 


Source: United States Department of Transportation – Office of Spatial Analysis and Visualization.  
WA Dept. of Ecology Washington State Parcel Database 2017. 


Table 20. Estimated Number of Noise-Sensitive Receptors with Noise Impacts from Proposed Action-Related 
Train Traffic. Cowlitz County and Ecology, 2017a, pg. 3-12.  


 
Without knowing existing ambient noise levels in those areas, the analysis assumes that 
the marginal cost for decibel increases will be similar to those impacts realized in 
Cowlitz County. Rail crossings with required train horn use were identified by GIS data 
provided by the United States Department of Transportation Office of Spatial Analysis 
and Visualization. The analysis takes the average health cost per household at the 
moderate and severe levels for each crossing and applies those values to the 
households identified and categorized by decibel exposure level, throughout the state. 
With the number of households identified and categorized as moderate or severe 
impacts, the analysis provides an average cost across Washington State due to increased 
noise from additional train movements. 


4.2.4 Impact Exposure 
The economic cost of noise impacts were calculated using the United Kingdom 
Department for Environment, Food & Rural Affairs guidance on noise pollution. The 
report presents results as a cost-per-decibel increase, i.e. marginal cost per decibel, per 
household (Dickens et al., 2014). Each calculation was made using Disability-Adjusted 
Life Years (DALYs), which measure the cost of negative health outcomes associated with 
particular impacts; in this context those impacts are noise level increases. DALYs are 
used frequently in academic literature to estimate the loss or gain in healthy life years in 
a population due to particular health burdens (Henschke, Kamper, and Maher, 2015; 
Hoffmann, Maculloch, and Batz, 2015; Kassebaum, Smith, Bernabé et al., 2017; 
Lobstein, Jackson-Leach, Moodie et al., 2015; Scallan, Hoekstra, Mahon et al., 2015). The 
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economic costs considered include sleep disturbance, annoyance, hypertension, and 
productivity. 
 
Our analysis uses a marginal cost per decibel increase based on Dickens et al. (2014). 
Research on noise damage from marginal increases in decibel levels by trains is not as 
advanced in the United States as Europe. The UK study is applicable in the US, because it 
is based upon health impacts and decibel levels, and there is no evidence to suggest that 
increased decibels would impact a UK resident differently than a US resident. No US 
studies report results on a marginal decibel increase for each additional decibel unit of 
noise. This is critical to understanding the economic cost of noise impacts, because each 
additional decibel has different health impacts at different decibel levels. That is to say, 
a decibel increase from 50 to 51 dBA does not impart the same level of noise health 
impact as a decibel increase from 55 to 56 dBA. The marginal impact of noise increases 
as the decibel level increases, i.e. the health impacts increase at an increasing rate. It is 
also worth noting that the United Kingdom spends significantly less than the United 
States on general healthcare expenditures. This is true whether comparing the total 
health expenditures to GDP or on a per capita basis. The Organization for Economic 
Cooperation and Development (OECD) estimates that healthcare expenditures in the 
United States are 17.2% of GDP and nearly $10,000 per capita, compared to the United 
Kingdom which spending equals 9.2% of GDP and just over $4,000 per capita (OECD, 
2017). It is likely that the health costs would be higher in the United States for the same 
health impacts noted in the United Kingdom. Thus, the healthcare costs associated with 
noise impacts are likely an underestimate of what would be paid for services in the 
United States.  
 
The report summarizes the marginal cost per decibel, per household for five categories 
of impact. These values are summarized below in Table 5, converted from 2014 pounds 
(£) to 2017 USD ($). All figures reported in British pounds are converted to US dollars 
using the US Internal Revenue Service 2014 exchange rate and inflated to 2017 dollars. 


Table 5. Marginal Cost of Noise Impacts, $ per household per dB change, 2017 prices 


Noise Metric 
(dBA) 


Direct AMI* Strokes Dementia Annoyance 
Central Sleep 
Disturbance 
night time noise 


Total 


45 46 $0.00 $0.00 $0.00 $2.56 $8.93 $11.50 


46 47 $0.00 $0.00 $0.00 $2.60 $9.90 $12.49 


47 48 $0.00 $0.00 $0.00 $2.70 $10.86 $13.56 


48 49 $0.00 $0.00 $0.00 $2.89 $11.82 $14.72 


49 50 $0.00 $0.00 $0.00 $3.15 $12.79 $15.95 


50 51 $0.00 $1.87 $2.83 $3.50 $13.75 $21.95 


51 52 $0.00 $1.87 $2.83 $3.93 $14.72 $23.35 
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Noise Metric 
(dBA) 


Direct AMI* Strokes Dementia Annoyance 
Central Sleep 
Disturbance 
night time noise 


Total 


52 53 $0.00 $1.87 $2.84 $4.43 $15.68 $24.83 


53 54 $0.00 $1.88 $2.85 $5.02 $16.64 $26.38 


54 55 $0.00 $1.89 $2.85 $5.67 $17.61 $28.02 


55 56 $0.00 $1.89 $2.86 $6.42 $18.57 $29.74 


56 57 $0.00 $1.89 $2.87 $7.23 $19.53 $31.52 


57 58 $0.00 $1.90 $2.87 $8.13 $20.50 $33.40 


58 59 $1.02 $1.91 $2.88 $9.10 $21.46 $36.37 


59 60 $2.02 $1.91 $2.89 $10.16 $22.43 $39.40 


60 61 $2.86 $1.91 $2.89 $11.29 $23.39 $42.35 


61 62 $3.73 $1.92 $2.90 $12.50 $24.35 $45.40 


62 63 $4.62 $1.93 $2.91 $13.80 $25.32 $48.57 


63 64 $5.54 $1.93 $2.91 $15.16 $26.28 $51.83 


64 65 $6.48 $1.94 $2.92 $16.62 $27.24 $55.20 


65 66 $7.45 $1.95 $2.92 $18.14 $28.21 $58.68 


66 67 $8.45 $1.95 $2.93 $19.74 $28.21 $61.28 


67 68 $9.47 $1.95 $2.94 $21.43 $28.21 $64.01 


68 69 $10.52 $1.96 $2.94 $23.20 $28.21 $66.83 


69 70 $11.59 $1.97 $2.95 $25.04 $28.21 $69.76 


70 71 $12.70 $1.97 $2.96 $26.96 $28.21 $72.80 


71 72 $13.82 $1.97 $2.96 $28.96 $28.21 $75.93 


72 73 $14.98 $1.98 $2.97 $31.04 $28.21 $79.18 


73 74 $16.16 $1.98 $2.98 $33.20 $28.21 $82.53 


74 75 $17.36 $1.99 $2.98 $35.43 $28.21 $85.98 


75 76 $18.59 $2.00 $2.99 $37.75 $28.21 $89.54 


76 77 $19.85 $2.00 $2.99 $37.75 $28.21 $90.80 


77 78 $21.13 $2.00 $2.99 $37.75 $28.21 $92.08 


78 79 $22.44 $2.00 $2.99 $37.75 $28.21 $93.39 


79 80 $23.77 $2.00 $2.99 $37.75 $28.21 $94.72 


80 81 $25.13 $2.00 $2.99 $37.75 $28.21 $96.08 


Source: Table A1.2 Rail noise marginal values £ per household per dB change, 2014 prices and Table A1.4 Central 
Sleep Disturbance night time noise marginal values, £ per household per dB change, 2014 prices (Dickens et al., 2014, 
pgs. 41 & 43) 
 
*Acute Myocardial Infarction, i.e. heart attack 


 


4.2.5 Data Limitations 
This report identifies the impacts to Cowlitz County residents from moderate and severe 
impacts as identified by the FEIS. The FEIS only cites increases up to a certain threshold. 
It is probable that other residents within Cowlitz County, and certainly throughout the 
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state, will also realize an increase in ambient noise levels in their community. While 
these impacts may be small, there is a marginal cost to any additional increase in 
decibels experienced by individuals. The estimate reported in this chapter should be 
considered a conservative estimate, because it only considers moderate and severe 
impacts, rather than the totality of impact levels. In addition, this report does not 
include marginal impacts to other affected residents in Cowlitz County or Washington 
State. 


4.3 Results 


4.3.1 Annual Impacts 
Using the marginal cost per decibel, the change from existing ambient noise levels to 
the estimated increase from Table 6 below provides the information necessary to 
estimate the annual cost per residence. The annual cost to adjacent residents is the sum 
of all marginal costs starting from the Measured Existing Level to the Total Noise. The 
total cost relative to each noise receptor is summarized below in Table 6. The total 
increase in decibels (dBA) is also noted. 


Table 6. 2028 Noise Impact Assessment and Annual Cost Attributed 
to Each Adjacent Individual Residence 


Location 
Measured 
Existing Level, 
Ldn (dBA) 


Total Noise, 
Ldn (dBA) 


Increase (dBA) 
Annual Cost per 
Residence from 
Proposed Action 


N1, 602 California Way  76 78 2 $177 


N1s, 605 California Way  76 79 3 $252 


N2, 111 15th Avenue  73 76 3 $241 


N2s-a, 111 15th Avenue  76 78 2 $185 


N2s-b, 111 15th Avenue  73 76 3 $241 


N2s-c, 139 15th Avenue  71 74 3 $206 


N2s-d, 151 15th Avenue  70 72 2 $131 


N2s-e, 163 15th Avenue  70 72 2 $114 


S10, Alder Street  69 71 2 $122 


Source: Table 19. 2028 Noise impact assessment and annual cost attributed to each adjacent individual 
residence. Cowlitz County and Ecology, 2017a, pg. 3-9.  


 
The product of the annual cost per residence and the total number of residences within 
the impact area provides the total annual cost of noise attributed to an increase in rail 
traffic as a result of the Proposed Action. The results are summarized below as an 
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annual cost figure. Cumulative impacts to be realized throughout the lifetime of the 
project are illustrated in a later section of this chapter. 


Table 7. Annual Cost of Proposed Action-Related Train Traffic 


Reynolds Lead 
Crossing(s) 


Residence 
(Moderate 
Impact) 


Residence 
(Severe Impact) 


Annual Cost per 
residence 
(Moderate) 


Annual cost per 
residence 
(Severe) 


EST.IMPACT/YR 
(2017 USD) 


3rd Avenue & 
California Way 


34 10 $184 $262 $8,873 


Oregon Way & 
Industrial Way 


187 50 $149 $239 $39,767 


Private driveway at 
Weyerhaeuser (near 
Douglas Street & 
Washington Way 


8 0 $127 N/A $1,017 


Total 229 60     $49,658 


Compiled from Table 20 in Cowlitz County and Ecology, 2017a, pg. 3-12. and Dickens et al., 2014 


 
The total estimated annual cost to the 289 Cowlitz County residences subject to 
moderate and severe impacts is $49,658 per year at full terminal operations (Cowlitz 
County and Ecology, 2017a, pg. 3-12). Statewide impacts are estimated using the 
average cost per household for moderate and severe impacts. The average annual cost 
per residence moderately impacted by noise increases is $153. The average annual cost 
per residence severely impacted by noise increases is $250. These per household costs 
were applied to the moderate and severe impacts throughout the state as identified 
with the Cowlitz County noise contour lines. The annual cost across the state, excluding 
Cowlitz County, is $2 million for the larger number of households moderately impacted, 
and $1 million for those severely impacted. 
 
Cumulative impacts are estimated using the anticipated terminal throughput 
summarized in the FEIS Volume 1 Table 2-4 Coal Export Terminal Rail Operation by Stage 
(Cowlitz County and Ecology, 2017c, pg. 2-24). The annual impacts start at zero (prior to 
construction) and increases until reaching a maximum throughput in year six of the 
project (full operation). The changes in operation that influence noise impacts are 
described in the cumulative impact section of this chapter. 


4.3.2 Cumulative Impacts 
The FEIS states, “The coal export terminal would be designed for a minimum 30-year 
period of operation” (Cowlitz County and Ecology, 2017c, pg. 2-11) and assumes 
construction will begin in 2018 and full operations will occur by 2024. The increase in 
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operational capacity is summarized in the introduction, as the Ramp-up Scenario, used 
in this report. The cumulative impact based on this ramp-up scenario is illustrated in 
Table 8 below. The incremental increase in train traffic begins with 4 trains per day 
starting 18 months after the start of construction, then increases to 10 trains per day 
starting three years after the start of construction, and finally to 16 trains per day (full 
operation) starting 6 years after construction. The amount of train traffic is derived from 
Table 2-4. Coal Export Terminal Operations by Stage and Component from the FEIS 
Volume 1 Chapter 2 (Cowlitz County and Ecology, 2017c). 
 
Table 8 presents the number of train movements occurring at the project site 
throughout the lifetime of operation. The amount of trains per day influences the daily 
average decibels impacting nearby residences. Using the years in operation, train traffic, 
and stages summarized above, increase in impact costs relative to the number of trains 
arriving and departing the project area can be estimated. 


Table 8. Cumulative Impacts 


Year 
CT 


Year Trains 
Statewide Impact, $2017 


(0% Discount Rate) 


Statewide Impact, $2017 
(2.75% Discount Rate) 


0 2018 0 $0 $0 


1 2019 1 $426,372 $414,961 


2 2020 2 $852,745 $807,710 


3 2021 5 $2,131,861 $1,965,230 


4 2022 5 $2,131,861 $1,912,633 


5 2023 5 $2,131,861 $1,861,443 


6 2024 8 $3,410,978 $2,898,598 


7 2025 8 $3,410,978 $2,821,020 


8 2026 8 $3,410,978 $2,745,518 


9 2027 8 $3,410,978 $2,672,037 


10 2028 8 $3,410,978 $2,600,523 


11 2029 8 $3,410,978 $2,530,922 


12 2030 8 $3,410,978 $2,463,185 


13 2031 8 $3,410,978 $2,397,260 


14 2032 8 $3,410,978 $2,333,100 


15 2033 8 $3,410,978 $2,270,657 


16 2034 8 $3,410,978 $2,209,885 


17 2035 8 $3,410,978 $2,150,740 


18 2036 8 $3,410,978 $2,093,177 


19 2037 8 $3,410,978 $2,037,155 


20 2038 8 $3,410,978 $1,982,633 
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Year 
CT 


Year Trains 
Statewide Impact, $2017 


(0% Discount Rate) 


Statewide Impact, $2017 
(2.75% Discount Rate) 


21 2039 8 $3,410,978 $1,929,570 


22 2040 8 $3,410,978 $1,877,927 


23 2041 8 $3,410,978 $1,827,666 


24 2042 8 $3,410,978 $1,778,750 


25 2043 8 $3,410,978 $1,731,144 


26 2044 8 $3,410,978 $1,684,812 


27 2045 8 $3,410,978 $1,639,719 


28 2046 8 $3,410,978 $1,595,834 


29 2047 8 $3,410,978 $1,553,123 


30 2048 8 $3,410,978 $1,511,555 


31 2049 8 $3,410,978 $1,471,100 


32 2050 8 $3,410,978 $1,431,728 


33 2051 8 $3,410,978 $1,393,409 


34 2052 8 $3,410,978 $1,356,116 


35 2053 8 $3,410,978 $1,319,821 


36 2054 8 $3,410,978 $1,284,497 


37 2055 8 $3,410,978 $1,250,119 


38 2056 8 $3,410,978 $1,216,660 


39 2057 8 $3,410,978 $1,184,098 


40 2058 8 $3,410,978 $1,152,407 


41 2059 8 $3,410,978 $1,121,564 


42 2060 8 $3,410,978 $1,091,546 


43 2061 8 $3,410,978 $1,062,332 


44 2062 8 $3,410,978 $1,033,900 


45 2063 8 $3,410,978 $1,006,228 


46 2064 8 $3,410,978 $979,298 


47 2065 8 $3,410,978 $953,088 


48 2066 8 $3,410,978 $927,579 


49 2067 8 $3,410,978 $902,754 


50 2068 8 $3,410,978 $878,592 


Total   $161,168,724 $83,315,321 


 
Based on the incremental increases in train traffic from beginning of construction in 
2018 to the full operation of the project in 2024, the 20-year cumulative impact from 
noise level increases is $59 million when calculated at a 0% discount rate, and $43 
million when calculated at a 2.75% discount rate. Over 50 years, the impact is $161 
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million when calculated at a 0% discount rate, and $83 million when calculated at a 
2.75% discount rate. 


4.4 Primary Data Sources 
Millennium Bulk Terminals – Longview. SEPA, EIS, Vol 3b, SEPA Noise and Vibration 
Technical Report (Cowlitz County and Ecology, 2017a).  


United States Department of Transportation - Office of Spatial Analysis and 
Visualization, 2018. Railroad Crossings. Accessed Oct. 10th, 2018. Available at 
http://osav-
usdot.opendata.arcgis.com/datasets/bbf77e8e0938472da1280adcb780e724_0. 


WA Dept. of Ecology, 2018. Washington State Parcel Database 2017. Washington 
Geospatial Open Data Portal. Accessed Oct. 26th, 2018. Available at 
http://geo.wa.gov/datasets/cdc3e34b3aa14336974795c906839439_0. 


WA. Dept. of Ecology GIS Technical Services, 2010. 2010 Statewide Landuse. Accessed 
Sept. 7th, 2018. Available at https://ecology.wa.gov/Research-Data/Data-
resources/Geographic-Information-Systems-GIS/Data#l.  


Dickens, R., Angulo, M., Turner, S., Gill, J., Abdul, M., Hirani, H., 2014. Environmental 
Noise: Valuing impacts on: sleep disturbance, annoyance, hypertension, productivity 
and quiet. U.K. Department for Environmental, Food, & Rural Affairs, the 
Interdepartmental Group on Costs and Benefits Noise Subject Group (Dickens et al., 
2014). 


Other articles and data listed in the references section below.  


4.5 Opinion 
Increased coal train traffic will increase noise along rail lines in Washington State. 
According to the National Institute of Health and significant published medical research, 
noise damages human health. Health impacts include decreased productivity, sleep and 
hearing loss, hypertension, annoyance, stroke, and dementia. The FEIS Report identifies 
noise as “an unavoidable and significant adverse…impact” (Cowlitz County and Ecology, 
2017b, pg. 5.5-33) Noise that is harmful to people is categorized by the Federal Railroad 
Administration as moderate impact or severe impact.  
 
This analysis only looks at the increase in average decibel level across a 24-hour period 
as a result of the Proposed Action. This might underestimate health damages, because 



http://osav-usdot.opendata.arcgis.com/datasets/bbf77e8e0938472da1280adcb780e724_0

http://osav-usdot.opendata.arcgis.com/datasets/bbf77e8e0938472da1280adcb780e724_0

http://geo.wa.gov/datasets/cdc3e34b3aa14336974795c906839439_0
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train noise occurs as an acute disturbance during a short period of time rather than as 
an increase in overall background noise distributed across a 24-hour period.  
 
Noise impacts in Cowlitz County were based on field data. Field data and the Cadna/A® 
model were used to model noise levels for increased train traffic. Studies in the 
published academic literature provide values for the marginal cost per increase in 
decibel per household. In this analysis, only five categories of health impact were 
included: heart attack, strokes, dementia, annoyance, and sleep disturbance.  
 
This calculation was estimated for Cowlitz County and extrapolated state-wide along all 
crossings impacted by the Proposed Project.  
 
Opinion: Noise and Vibration Impacts 
It is my opinion that the Proposed Action will result in estimated health damages to 
Washington State residents of $161 million at a zero discount rate and $83 million at a 
2.75% discount rate over a period of 50 years and that the methods, data, and 
assumptions used to calculate this figure provide a reasonable estimate of the economic 
impacts of noise and vibration from the Proposed Action. 
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4.7 Appendix 


Figure 4. Noise and Vibration Statewide Crossings  
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Figure 5. Noise and Vibration Impact Area  
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Figure 6. Noise and Vibration Impact Area Detail 
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5 Property Value Costs 


5.1 Introduction 
The research and published literature show that increased rail traffic has a negative 
impact on property values. The primary method for evaluating impacts to properties 
from rail traffic is hedonic analysis. The hedonic method presents the price of a good as 
the composite of the many attributes that comprise it and uses regression analysis to 
isolate the value of each attribute. The price of a home is the sum of a person’s 
willingness to pay for multiple attributes, like additional bedrooms, more square 
footage, or a pool. Consumers also consider different neighborhood amenities, e.g. 
parks and schools, and disamenities, e.g. environmental pollution and crime, in their 
purchasing decisions, and these affect the price, as well. Hedonic valuation is widely 
accepted in the economic literature as the best method by which to assess impacts 
incurred as a result of proximity to amenities and disamenities (Rosen, 1974; Sirmans, 
Macpherson and Zietz, 2005).  
 
The existing literature demonstrates that residential homes within a certain proximity to 
rail freight transportation, i.e. not transit or passenger rail traffic, will suffer negative 
property value impacts (Andersson, Jonsson and Ögren, 2009; Futch, 2011; Johnson, 
2016; Simons and Jaouhari, 2014). Residential homes are often an individual’s most 
valuable asset and the biggest investment many consumers ever make. A person’s home 
makes up a significant portion of her or his personal wealth and can dictate her or his 
ability to generate income and provide a nest-egg for retirement. Impacts to property 
values can affect a person’s current income, long-term wealth, and well-being. This 
chapter discusses the impacts to property values anticipated from the Proposed Action. 


5.2 Methods 
This report calculates the property value impacts due to the Proposed Action, providing 
a range of values based on total weight of trains or the number of trains per day that are 
anticipated as a result of the Proposed Action. Each impact value is derived from the 
academic literature on hedonic valuations for home prices relative to increases in freight 
movements along a rail line.  


5.2.1 Discussion of Sources 
The primary source for calculating the low value impact is the Futch (2011) analysis. This 
study examines household price changes relative to changes in total gross tons moved 
along a rail line. The primary source for calculating the high value impact is the Johnson 
(2016) analysis. This study is highly applicable to the current Proposed Action. The 
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report was produced in regards to impacts from increases in train traffic in Clark County, 
Washington State – adjacent to Cowlitz County. This study estimates household price 
changes relative to increases in total trains per day travelling along a given rail line. 
These values are applied to the existing impact areas, including properties in proximity 
to the rail line in Cowlitz County and expanded to the rest of Washington State. Data 
from the FEIS provides specifics on the additional train movements anticipated and 
identifies whether the trains will be full or empty, impacting the weight of the trains and 
influencing the low value impact.  
 
Real estate data for this analysis was obtained from county tax assessor’s offices, Zillow, 
and the National Association of Realtors (NAR). Cowlitz County household data was 
retrieved from the Cowlitz County Tax Assessor’s Office. The analysis utilized specific tax 
assessor data for six of the sixteen impacted counties.1 Additional tax assessor data was 
collected for Kittitas, Lewis, Pierce, Spokane, and Thurston Counties. Household data for 
the rest of Washington State was derived from Zillow and the NAR and consisted of 
2017 home prices. While parcel-specific information was not available, this analysis uses 
median household values adjusted for proximity to the rail line and applies the adjusted 
median value to the parcels within 1 mile of the rail line. Zillow provides the most 
comprehensive database through their Zillow Home Value Index (ZHVI). This index is 
widely used in scholarly research due to the fact that it is freely available online and 
includes 95% of the housing market in the United States (Arkema, Guannel, Verutes et 
al., 2013; Armona, Fuster and Zafar, 2016; Huang and Tang, 2012; Kaplan, Mitman and 
Violante, 2016; Raymond, 2016). The ZHVI has been shown to have a high degree of 
correlation in tracking home price changes over time. This is critical, as the growth rates 
used in this report are calculated using historical data from Zillow, adjusted downward, 
and compared with other sources. In order to account for potential overestimations, 
this analysis compared ZHVI prices to the National Association of Realtor home values 
for 2017 and selected the lowest median value reported from these two sources.  
 
The first piece to evaluating household price impacts is calculating the household 
property discount. This is calculated by the product of value impacts (Futch, 2011; 
Johnson, 2016) and the number of trains or additional weight of freight that travels by 
an individual property. This property discount is then applied to all households within 
specified proximities to estimate the total lost asset value in households within Cowlitz 
County and Washington State due to the Proposed Action.  
 


                                                      
 
1 There are 16 counties impacted; Klickitat and Lincoln Counties are excluded due to data availability. 
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5.2.2 Definitions and Assumptions 


Multi-family Unit: A property with 2-4 units 


Growth Rates: The data available for calculating annual growth rates for home prices is 
only reported for single-family units. The annual growth rates calculated for single-
family units were also applied to multi-family units. It is assumed that properties with 1-
4 units would not vary drastically in local markets by county. 


5.2.3 Impact 
The impact of the Proposed Action for this analysis is housing value loss associated with 
increased train movements. The first step to evaluating household price impacts is 
calculating the household property discount. This is calculated as the product of impact 
value (Futch, 2011; Johnson, 2016) and the total weight or number of trains per day that 
travel by an individual property. This property discount is then applied to all households 
within specified proximities to estimate the total lost asset value in households within 
Cowlitz County and Washington State due to the Proposed Action. 


5.2.3.1 Low-Value Impact 
The low range identified for property value impacts indicates a value drop from 
between 0.3% and 0.6% per 100 million gross tons (i.e. 0.003% to 0.006% per MGT), 
based on proximity to the rail line (Futch, 2011). The proximity buffers and their 
associated impacts for each additional 100 MGT of rail freight moved, as estimated in 
the Futch (2011) study, are as follows: 


• 0.6% decrease in property value for households within 1/3 mile of rail line; 


• 0.3% decrease in property value for households between 1/3 and 2/3 from rail line;  


• no statistically significant impact for households greater than 2/3 of a mile away 
from rail line; 


Gross tonnage of freight was provided in the Final Environmental Impact Statement 
(FEIS), Chapter 5.1, Table 5.1-2. Train Parameters for Proposed Action-Related Trains are 
presented below in Table 1. Using the figures provided by the FEIS, the total percentage 
decrease in home values relative to proximity to the rail line was calculated. 


Table 1. Train Parameters for Proposed Action-Related Trains 


Rail Cars   


Type Alum Rotary Gondola 


Gross rail load (tons) 143 


Empty weight (tons) 20.9 


Weight of coal (tons) 122.1 







 
 
 


 


Reproduction of this publication for educational or other non-commercial purposes is authorized without prior 
written permission from the author, provided the source is fully acknowledged. Reproduction of this publication 
for resale or other commercial purposes is prohibited without prior written permission of the author. 150 


 
 


Rail Cars   


Coupled Length (feet) 53 


Locomotives   


Type 4400 HP AC 


Weight (tons) 216 


Length (feet) 73 


Number in train 4 


Configuration* 3 at head and 1 at rear 


Total Train   


Cars per train 125 


Total empty weight of cars (tons) 2,613 


Total weight of coal (tons) 15,263 


Locomotive weight (tons) 648 


Total train weight (tons) 18,780 


Total train weight (empty, tons) 3,517 


Total train length (feet) 6,917 


*Locomotives are distributed through trains (distributed power) in various configurations. Proposed Action-related trains 
would likely have three locomotives at the head and one at the rear of the train. 


Source: Table 5.1-2 Cowlitz County and Washington State Department of Ecology (Ecology), 2017. Millennium Bulk 
Terminals—Longview, Final Environmental Impact Statement, Volume 1, (Section 5.1), Rail Transportation, pg. 5.1-4. 


 
The gross weight of freight was provided for a full train. The values in Table 5.1-2 were 
used to calculate the gross weight for an empty train (highlighted). The product of the 
degree of impact (0.003% or 0.006% per MGT) and the gross tonnage of freight moved 
annually equals the total percent discount associated with each property. Information 
on empty- and full-train movements were provided by the FEIS, Section 5.1 on Rail 
Transportation, in order to specify the gross tonnage of freight transported past each 
property identified.  


5.2.3.2 High-Value Impact 
The high range in property value loss used in this analysis is calculated based on the 
number of trains that travel by each impacted property. Based on the results of Johnson 
2016, there is a 0.375% decrease in home value for each additional train movement 
along the rail line, whether it is empty or full. Johnson 2016 estimates a 1.5% decrease 
in home values based on four additional trains per day. This amounts to a 0.375% 
decrease in home value for every additional train/day on the rail line. This value was 
applied to all property within one mile of the rail line. As stated in Johnson (2016), 
“…the impact of even a very small reduction of 1.5% is quite high, reducing real market 
values in a 1-mile study area by almost $148 million. Our analysis indicates a more likely 
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value of impact of 5.0% within a 1/3 to 1/2-mile radius, which would represent a loss in 
value along this corridor of between $213 and $283 million” (Johnson, 2016, pg. 20).   
 
This analysis adopted the more conservative high-value impact of a 0.375% decrease per 
train per day. This applies a conservative interpretation of the Johnson (2016) results, 
which imply values as high as 5-7% for properties within 1/2 mile of the rail line for 
every 4 additional train movements per day, or between 1.25-1.75% for each additional 
train per day.  


5.2.3.3 Impact Exposure 
Exposure to property value impacts were calculated for Cowlitz County and additional 
properties throughout Washington State based on their proximity to the rail line. There 
are nearly 158,000 households within 1 mile of the rail line for a total asset value of over 
$44 billion. Sources for home prices varied based on available information. Cowlitz 
County tax assessor data is reported in 2010 home prices. Tax assessor data was 
available for 2018 home values for Kittitas, Lewis, Spokane, and Pierce Counties. 
Thurston’s tax assessor data was reported as 2019 assessed values. All other counties 
were reported as 2017 values based on Zillow and National Association of Realtor data. 
Each of these values was adjusted based on recent growth rates extrapolated from 
Zillow data. This provides county-specific growth rates that are lowered by one standard 
deviation to ensure a moderate growth rate in estimating cumulative impacts. Methods 
for assessing cumulative impacts will be discussed later in this chapter. 


5.2.3.4 Property Proximity 
Properties within proximity to the rail line were identified using ArcGIS and parcel data. 
Boundaries were created at 1/3 mile, 2/3 mile, and 1 mile from the rail line. The 1/3-
mile and 2/3-mile boundaries were used to estimate the low range of values (Futch, 
2011), whereas the 1-mile boundary was used for the high range of impact (Johnson, 
2016). There were nearly 158,000 households identified within 1 mile of the rail line in 
Washington State. Nearly 13,000 homes will be impacted in Cowlitz County. Of those 
impacted, 4,702 households are within 1/3 mile of the rail line, 4,742 are between 1/3 
and 2/3 of a mile, and 3,517 are between 2/3 and 1 mile from the rail line. Clark County 
had the highest number of parcels impacted, containing nearly 30,000 households 
within 1 mile of the rail line. Adams County had the lowest parcel count with only 402 
households identified. The analysis only examines households that could be categorized 
as single-family or those with two to four units. This is due to current data limitations. 
Growth rates were established using housing data on single-family homes. While these 
growth rates are assumed to be similar to those multi-family properties with two to four 
units, this analysis does not assume that the growth rate would be similar to those 
properties with five or more units.  
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5.2.3.5 Property Value 
Property Values for Cowlitz, Kittitas, Lewis, Pierce, Spokane, and Thurston Counties 
were provided by their respective tax assessor’s offices. For these counties, the single- 
family and multi-family (2-4 units) properties were based on parcel data reported by the 
representative county assessor’s office. This data had to be adjusted to 2017 prices. 
Cowlitz County data was reported in 2010 prices; Kittitas, Lewis, Pierce and Spokane 
Counties were reported in 2018 prices; and Thurston County was reported as 2019 
assessed value. In order to adjust these values, the analysis used per-county growth 
rates derived from Zillow. Cowlitz County prices are adjusted by 7 times the average 
annual growth rate for Cowlitz County from 2010 to 2017. This results in 2017 estimated 
home prices, although the compounding effect of the growth rate is not included. 
Compounding effects occur when the growth rate is applied to an asset that has a value 
that is increasing over time. For example, a property worth $100,000 has an average 
annual growth rate of 5%. If the property values are calculated by adding 5% 
incremental growth year over year for seven years (2010-2017), the property will be 
worth $140,710. This is a higher value than if the property is estimated to grow 35% (5% 
times 7 years) over the same seven-year period, resulting in a home price of $135,000. 
This analysis applies the more conservative approach to estimating growth in Cowlitz 
County home values. Conversely, 2018 and 2019 home values needed to be delated. 
Again, this analysis used the average annual growth rate for 2017. This likely provides an 
underestimate for 2017 values. When the 2018 values were adjusted using the 2017 
growth rate, these values are lower than would be realized because the adjusted 
amount is based off the higher 2018 prices. An example will clarify this:  


 
If the annual growth rate for 2017 is 5%, and the 2018 price of a home is 
$100,000, the home value would be decreased to $95,000 to reflect 2017 prices. 
If we apply the 5% growth rate to the now 2017 price of $95,000, the 2018 home 
price will only be $99,750, slightly lower than the original 2018 price of 
$100,000. As a result, this calculation method likely yields conservative total 
estimates. 


 
Property values for all other impacted counties in Washington State were extracted 
from Zillow and adjusted based on the National Association of Realtors. In order to 
account for potential overestimates in the ZHVI, this analysis compared median home 
prices from the ZHVI and National Association of Realtors data and selected the lowest 
median value reported. The results of this analysis are provided for each household 
type. Statewide median household values are reported by county by assessing the 
median value of each household type within each county, based on data from Zillow and 
the National Association of Realtors. The counties impacted by the increase in rail traffic 
include Adams, Benton, Clark, Franklin, King, Kittitas, Lewis, Pierce, Skamania, Spokane, 
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Thurston, Walla Walla, and Yakima. While the rail line passes through Klickitat and 
Lincoln counties, no information was available, and thus, they were excluded from these 
calculations.  
 
Zillow data consists of the median values of single-family units. In order to estimate the 
value of multi-family properties, this analysis used median rental rates and the price-
rent ratio for each county to calculate the median home value for multifamily units. 
Price-rent ratio is estimated by taking the estimated home value and dividing it by 
twelve times the monthly rental rate. This analysis does the inverse to estimate multi-
family home prices. The median rental rate is annualized (multiplied by twelve) and then 
multiplied by the price-rent ratio to estimate the median home price for multifamily 
units for December, 2017. 
 
The total asset value for all single-family and multi-family properties impacted by the 
rail line is nearly $47 billion.  
 
In order to account for negative price effects already incurred along the existing rail line, 
the analysis used Cowlitz County data to establish a discount value for homes within 
proximity to the rail line relative to the county median prices. The discount values varied 
by proximity and household type. Average home prices for all Cowlitz County properties 
were compared to average home prices for those within 1/3 mile of the rail line and 
properties between 1/3 and 2/3 mile of the rail line. Properties within 1/3 mile of the 
rail line were valued 87% lower than the average price across the county. Properties 
between 1/3 and 2/3 mile of the rail line were valued 92% lower than the county 
average. This discounted amount was attributed to the county medians to estimate the 
existing impact on property values already occurring due to existing freight 
transportation. This discounted value was estimated to ensure that impacts calculated 
did not include impacts already realized due to existing freight traffic, but rather only 
estimated the marginal impacts occurring as a result of the Proposed Action. The result 
is a baseline to calculate potential impacts from an increase in rail traffic that takes into 
account the previously capitalized price impacts from existing rail movements. 


5.3 Results 
The impact is the product of the home value discount, based on results of Futch (2011) 
and Johnson (2016), and the property prices for all homes within the exposure area. 
There is a lower bound impact based on the gross weight of traffic moved along the rail 
line. The home value discount applied to the lower bounds is 0.003% per MGT for 
homes between 1/3 and 2/3 mile from the rail line and 0.006% per MGT for homes 
within 1/3 mile of the rail line. The two equations for the lower bound impact are 
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𝐻𝑜𝑚𝑒 𝑉𝑎𝑙𝑢𝑒 𝐿𝑜𝑠𝑠𝑖,1/3 = 0.006% ∗ 𝐴𝑛𝑛𝑢𝑎𝑙𝐹𝑟𝑒𝑖𝑔ℎ𝑡 ∗ 𝑃𝑟𝑖𝑐𝑒𝑖    


𝐻𝑜𝑚𝑒 𝑉𝑎𝑙𝑢𝑒 𝐿𝑜𝑠𝑠
𝑖,


1
3→


2
3


= 0.003% ∗ 𝐴𝑛𝑛𝑢𝑎𝑙𝐹𝑟𝑒𝑖𝑔ℎ𝑡 ∗ 𝑃𝑟𝑖𝑐𝑒𝑖   


where annual freight is reported in Million Gross-tons (MGT) and 𝑃𝑟𝑖𝑐𝑒𝑖 is the price for 
each property 𝑖. The sum of the results of these two equations for every property 
provides the low range of potential home value impacts.  
 
The upper bound for property value impacts includes all households within 1 mile of the 
rail line at a rate of 0.375% per train per day. These discounts are applied to home 
values to assess the high range of impacts associated with an increase in freight rail 
traffic. The impacts are represented in the following equation, 
 


𝐻𝑜𝑚𝑒 𝑉𝑎𝑙𝑢𝑒 𝐿𝑜𝑠𝑠𝑖<1 𝑚𝑖𝑙𝑒 = 0.375% ∗ 𝑃𝑟𝑖𝑐𝑒𝑗,𝑘 ∗ 𝑄𝑖  


 


where 𝑗 is the county and 𝑘 is the household type and 𝑄𝑖  is the number of additional 
trains passing by property 𝑖. The sum of the results of this equation for each property 
across each county (𝑗) and household type (𝑘) provides the impact to home values for 
Cowlitz County and across the state.  


5.3.1 Cumulative Impact 
To calculate the cumulative impact, the analysis examined the difference in asset value 
change over a 20-year and 50-year period. As operations increase, there will be 
subsequent discounts to the property value due to increases in rail traffic. When home 
values decrease during a given year, this means the future growth in value will be lower 
relative to the No-Action Alternative. Growth rates for each county were established by 
taking the Zillow Housing Value Index (ZHVI) average growth rate from 1996-2018. In 
order to ensure a conservative growth rate, each county-specific growth rate is adjusted 
by two standard deviations, i.e. each average growth rate was lowered by two standard 
deviations. This provides an average growth rate for all counties of 2.66%, which is 
below historical averages (U.S. Census Bureau; Federal Reserve Bank of St. Louis; Real 
Estate ABC). The cumulative impact is the difference between home value growth over 
time from the No-Action Alternative and the Proposed Action. These impacts are 
discounted at 0% and 2.75%. 
 
The cumulative impact was assessed at a 20-year and 50-year time horizon. Discount 
rates of 0% and 2.75% are applied. The cumulative impacts are summarized in Table 2 
below. 
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Table 2. Statewide Cumulative Impact 


Impact Type Discount Rate 


 0.00% 2.75% 


20-Year Impact (2019 - 2038) 


Low Range $853,356,000 $651,946,000 


High Range $40,154,517,000 $32,418,323,000 


50-Year Impact (2019-2068) 


Low Range $2,799,788,000 $1,278,068,000 


High Range $135,920,650,000 $66,876,874,000 


 


5.4 Primary Data Sources 


• Tax Assessor’s Office for Cowlitz, Kittitas, Lewis, Pierce, Spokane, and Thurston 
Counties. 


• Futch, M., 2011. Examining the Spatial Distribution of Externalities: Freight Rail 
Traffic and Home Values in Los Angeles.   


• Johnson, J., 2016.Tesoro Savage Vancouver Energy Distribution Terminal DEIS 
Independent Review. Johnson Economics, Portland, OR. 


• WA dept. of Ecology, 2018. Washington State Parcel Database 2017. Washington 
Geospatial Open Data Portal. Accessed Oct. 26th, 2018. Available at 
http://geo.wa.gov/datasets/cdc3e34b3aa14336974795c906839439_0. 


• WA. Dept. of Ecology GIS Technical Services, 2010. 2010 Statewide Landuse. 
Accessed Sept. 7th, 2018. Available at https://ecology.wa.gov/Research-Data/Data-
resources/Geographic-Information-Systems-GIS/Data#l.  


• Thurston County Assessor's Office, 2016. Thurston Parcels. Accessed Oct. 28th, 
2018. Available at http://gisdata-
thurston.opendata.arcgis.com/datasets/04030948640b42a992fa2d644898e359_0. 


• Pierce County Assessor-Treasurer's Office, 2018. Tax Parcels. Accessed Oct. 28th, 
2018. Available at http://gisdata-piercecowa.opendata.arcgis.com/datasets/tax-
parcels.  


• Lewis County, 2018. Parcels No Owner. Accessed Oct. 28th, 2018. Available at 
http://maps.lewiscountywa.gov/.  
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• Spokane County, 2018. Parcels. Accessed Oct. 28th, 2018. Available at 
https://gisdatacatalog-spokanecounty.opendata.arcgis.com/datasets/parcels.  


• Kittitas County, 2018. Tax Parcels. Accessed Oct. 28th, 2018. Available at 
https://data-
kitcogis.opendata.arcgis.com/datasets/bda6b56b35cd461b8b600b4f98f564c7_1.   


• Cowlitz County, 2018. Cowlitz County Public Parcel Data. Cowlitz County Assessor’s 
Office. Received August 28th, 2018. 


• Zillow.com/research/data/ – Accessed September 2018. 


• National Association of Realtors. 


5.5 Opinion 
Like housing exposed increased volumes of aircraft, trucking, or auto traffic, increasing 
rail traffic has been shown to lower property values near railroad tracks. The Proposed 
Action will increase rail traffic in Cowlitz County and along a rail corridor through 
Washington State.  This Proposed Action-related rail traffic increase will negatively 
impact property values near these rail lines.  
 
Hedonic valuation is the primary method of valuation for measuring impacts to housing 
values. Impacts from rail traffic on property values were estimated through hedonic 
valuation. Hedonic valuation measures the change in property value relative to 
amenities (which add value) and disamenities (which reduce value) within a distance to 
the property. Rail freight traffic is a well-known property disamenity. Increased rail 
traffic reduces aesthetic value and increases noise and vibrations. These impacts 
influence real estate markets, and fundamentally, a person’s willingness to pay for a 
home located near a rail line. As the number of trains increases, the negative impact on 
home prices also increases. 
 
This analysis is based on findings from the Futch (2011) study and the Johnson (2016) 
review of existing literature which demonstrates a 0.375% decrease in property value 
for each additional train per day. Property data was estimated through publicly available 
parcel data and the Cowlitz County Tax Assessor’s Office. The data provided through 
publicly available parcel data examines parcels by land use. These values likely 
underestimate the total number of properties negatively impacted, as there may be 
multiple properties on a single parcel, and trains can be a disamenity at greater 
distances from the tracks. Further refinement would likely increase the number of 
impacted properties and additional loss in housing values from the Proposed Action. 
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Property values in Washington State rose dramatically over the last 50 years. Thus, 
actions that would marginally reduce property values over such a long period of time 
have a significant impact on housing value over time.  
 
Opinion 1: Housing Value Loss with Increased Train Traffic 
It is my opinion that the proposed Millennium Bulk Terminal project, at full build out, 
would result in a loss of housing values along the rail line. It is also my opinion that at 50 
years Washington State residents with property impacted by increased Proposed Action 
train traffic would lose more than $1.2 billion at a 2.75% discount rate, or $2.8 billion at 
a zero-discount rate.   
 
Opinion 2: Housing Value Loss with Increased Train Traffic 
It is also my opinion that the loss of housing values could be much larger, on the order 
of tens of billions of dollars, over a 20-year to 50-year period.  
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Figure 1. Property Value Impact Area  
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Figure 2. Property Value Impact Area Detail  
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Figure 3. Property Value Impact Area Detail, Clark County 
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6 Costs of Vehicle Delays Resulting from Increased Train Volume 
across Washington State  


6.1 Introduction 


6.1.1 Rail Traffic and Vehicle Delays 
Washington State relies on robust airport, road, and railway infrastructure to move 
people and goods efficiently both within the State and to destinations beyond. Roads 
are essential for getting people to work, kids to school, goods to markets, and more. Rail 
lines are also critical to the movement of freight to markets including port connections 
for exports and imports. The network of rail lines and the State’s roadways follow many 
of the same transportation corridors. As a result, these two networks intersect in many 
places. At these intersections, an increase in train volume has a direct impact on the 
amount of time cars are blocked from crossing railroad tracks. Waiting at railroad 
crossings causes substantial economic costs to drivers through lost time, wasted fuel, 
carbon emissions, and other costs. In addition, the cost to businesses and agencies of 
rail-caused traffic delays is both real and substantial. Vehicle delay impacts have been 
identified as significant unavoidable impacts at 8 Cowlitz County crossings (Order No. 
15417, 2017). 
 
Under the Proposed Action of the Millennium Bulk Terminals-Longview SEPA Final 
Environmental Impact Statement (FEIS), coal transport trains would increase along the 
BSNF mainline in Washington State (Cowlitz County and Ecology, 2017b). At full 
operation, an average of 8 loaded trains per day would deliver coal from the Powder 
River Basin and Uinta Basin to the export terminal, and 8 empty trains would depart 
from the export terminal (Cowlitz County and Ecology, 2017a, Table 10 and Figures 5,6, 
and 7). BNSF trains would follow an in-bound route along the Columbia River with 
empty trains crossing Stampede Pass headed East. Union Pacific (UP) trains would enter 
and leave Washington State in Vancouver, following the Columbia River to the Longview 
terminal. All at-grade rail crossings along this route would be impacted by proposed 
terminal operations. Figure 1 summarizes daily increased train traffic by rail segment at 
full Proposed Action operations. 
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Figure 1. Full Operations Train Volume 


 


6.1.2 General Approach 
This chapter focuses on one impact of increased train volume: an increase in vehicle 
delays caused by blockage of at-grade railroad crossings. There are 752 rail crossings 
along the proposed BNSF rail route in Washington State. Of those, 288 are public, at-
grade rail crossings.  Impacts can be expected at all crossings; however, only a subset of 
public, at-grade rail crossings are considered here. This assessment models increased 
vehicle delays at 228, or 79%, of these crossings. This estimate does not include private, 
tribal, or other informal crossings. It also does not include the cost to businesses, 
government, or other entities impacted by trucking, employee late arrivals, or other 
damages from traffic delays caused by railroad crossings.  
 
The impact of vehicle delays will be felt by drivers and vehicle occupants across the 
state, from Spokane to Auburn to Vancouver. For each additional train, there are clear 
economic costs to drivers – including delay in reaching a job or other destination, dollars 
wasted on fuel, and costs associated with carbon emissions (for detail on carbon 
emissions refer to GHG Chapter 3). 







 
 


 


Reproduction of this publication for educational or other non-commercial purposes is authorized without prior 
written permission from the author, provided the source is fully acknowledged. Reproduction of this publication 
for resale or other commercial purposes is prohibited without prior written permission of the author. 165 


 


 


6.2 Methods 
To quantify the marginal impact of increased train volume for economic analysis, each 
crossing is modeled on a per-unit, annual increase, derived from full operation daily 
vehicle delays identified in the Millennium Bulk Terminals-Longview SEPA Final 
Environmental Impact Statement Vehicle Transportation Technical Report. This provides 
the total annual vehicle delay caused by one additional train at every modeled crossing. 
Impacts are then scaled to reflect the total increased train volume due to proposed 
activities for each assessment year. Vehicle delay estimates rely on two components, 
detailed below for different crossing categories: 1. Average delay time per vehicle, per 
train (a function of gate downtime per train) and 2. Average daily traffic (ADT) at the 
crossing. The economic impact of vehicle delays is the product of total delay time and 
the per-unit (minute) cost drivers incur from lost time, wasted fuel, and carbon 
emissions, aggregated across all study crossings. 


6.2.1 Definitions and Assumptions 


At-Grade Railroad Crossing At-grade railroad crossings are defined as roadway and 
track intersections without a train underpass or overpass. This analysis models only at-
grade crossings, as increased train volume does not impact crossings with an under- or 
overpass. 


Estimated Traffic Volume Forecast, Population Growth, and Vehicle Ownership 
Following the method laid out in the Millennium Bulk Terminals-Longview SEPA Final 
Environmental Impact Statement Vehicle Transportation Technical Report (Cowlitz 
County and Ecology, 2017a, p.2-10), a 2% annual growth rate was applied to statewide 
Average Daily Traffic (ADT) estimates to adjust to 2019 baseline and subsequent impact 
years (2019 – 2068).  


Future Rail Improvements Following the method laid out in the Millennium Bulk 
Terminals-Longview SEPA Final Environmental Impact Statement Vehicle Transportation 
Technical Report (Cowlitz County and Ecology, 2017a, p.2-3), future rail improvements 
were not included in the analysis of vehicle delays. The Industrial Way / Oregon Way 
Intersection Project, currently in planning phases, would change delay times at two 
Reynolds Lead crossings (intersecting SR 432 and SR 433), out of the 228 crossings 
modeled in this analysis. 


Proposed Action Train Volumes by Year Based on the breakdown laid out in Table 2-4 
(Cowlitz County and Ecology, 2017b, pg. 2-24), the annual train operations volume is 
detailed in Table 1 for each impact year. 
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Table 1. Daily Train Volume by Year – Operations 


 


Spatial Distribution of Crossings and Proposed Action Train Volumes – Full Operations 
Based on the proposed train route in Washington State, crossings will experience 
different levels of increased train volume dependent on location along the route (see 
Figure 1). The distribution of modelled crossings across Washington Counties is 
summarized in Figure 2. Crossing categories are discussed in the Analysis section below. 
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Operations Phase
Trains Per Day 


(Loaded and Empty)


1 2019 Stage 1a 2


2 2020 Stage 1a 4


3 2021 Stage 1b 10


4 2022 Stage 1b 10


5 2023 Stage 1b 10


6 2024 Stage 2 = Full Operations 16


7 2025 Stage 2 = Full Operations 16


8 2026 Stage 2 = Full Operations 16


9 2027 Stage 2 = Full Operations 16


10 - 50 2028 - 2068 Stage 2 = Full Operations 16


Source: Volume 1 Ch.2 Table 2-4


Year
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Figure 2. Modelled Crossings by Category 


 


6.2.2 Analysis 


2019 Annual Vehicle Delay Per Train 
To account for vehicle delay in each impact year, a base impact was established to 
estimate the 2019 annual vehicle delay per train at each modeled crossing. This 
required two main inputs: 1.) per-crossing average delay per vehicle associated with 1 
train and 2.) 2019 average daily traffic at each crossing. Data was gathered from 
multiple sources, noted in Tables 3 - 6, to generate these two inputs. Thus, the methods 
below are broken into four categories, reflecting varying methods to generate inputs 
required to establish a 2019 annual vehicle delay per train at each modeled crossing. 
Where crossings were captured in multiple datasets, the crossings were assigned to 
Category 1 or 2, as these reflect input data directly derived from the Millennium Bulk 
Terminals-Longview SEPA Final Environmental Impact Statement Vehicle Transportation 
Technical Report. 
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Table 2. Overview of Crossing Models 


 


 


Category 1: Cowlitz County Crossings 
MBTL SEPA Vehicle Transportation Technical Report Appendix A provides data for 17 
Cowlitz County crossings. Data Inputs and sources are summarized in Table 3. For these 
17 crossings, average delay per vehicle associated with 1 train and 2019 average daily 
traffic were both derived directly from Millennium Bulk Terminals-Longview SEPA Final 
Environmental Impact Statement Vehicle Transportation Technical Report provided data 
(Cowlitz County and Ecology, 2017a). 
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Category Number Reference Name
Number of 


Modelled Crossings


Category 1 Cowlitz County Crossings 17


Category 2 Selected WA State Crossings 38


Category 3
Additional WA State Crossings 


with Reported ADT
82


Category 4
Additional WA State Crossings 


with Estimated ADT
91
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Table 3. Category 1 Data Inputs 


 
 
Category 2: Selected WA State Crossings 
The MBTL SEPA Vehicle Transportation Technical Report also provides data for an 
additional selected 44 crossings outside of Cowlitz County, of which 38 have necessary 
input data reported for modelling total vehicle delay. Data inputs and sources are 
summarized in Table 4. For these 38 crossings, 2019 average daily traffic was derived 
directly from Millennium Bulk Terminals-Longview SEPA Final Environmental Impact 
Statement Vehicle Transportation Technical Report provided data (Cowlitz County and 
Ecology, 2017a). Average delay per vehicle associated with 1 train was generated based 
on the Category 1 crossing relationship between average, per-train delay per vehicle 
and per-train gate downtime. 


Category 1 Data Inputs Units Source


Given:


2018 No-Action Average Daily Traffic (ADT) Vehicle/Day Vehicle Transportation Technical Report Appendix A


2028 No-Action ADT Vehicle/Day Vehicle Transportation Technical Report Appendix A


2028 Proposed Action (Current Track Infrastructure) 


ADT
Vehicle/Day Vehicle Transportation Technical Report Appendix A


2028 No-Action Average Delay per Vehicle (24hr 


period)
Seconds/Vehicle/Day Vehicle Transportation Technical Report Appendix A


2028 Proposed Action (Current Track Infrastructure) 


Average Delay per Vehicle (24hr period)
Seconds/Vehicle/Day Vehicle Transportation Technical Report Appendix A


2028 No-Action Daily Trains Per Crossing Trains/Day Vehicle Transportation Technical Report Appendix A


2028 Proposed Action Daily Trains Per Crossing Trains/Day Vehicle Transportation Technical Report Appendix A


Derived:


ADT Annual Growth Rate % / Year 2018 No-Action & 2028 Proposed Action ADT


2028 Change in Average Delay per Vehicle (Proposed 


Action Increase) (24hr period)
Seconds/Vehicle/Day


2028 No-Action & 2018 Proposed Action Average 


Delay per Vehicle


Proposed Action Trains Per Day Trains/Day
2028 No-Action Daily Trains Per Crossing; 2028 


Proposed Action Daily Trains Per Crossing


Per Train Average Delay per Vehicle Resulting from 


Proposed Action (1 train per day)
Seconds/Vehicle/Day


2028 Proposed Action Daily Trains Per Crossing; 2028 


Change in Average Delay per Vehicle


2019 Proposed Action (Current Track Infrastructure) 


ADT
Vehicle/Day 2018 No-Action ADT; ADT Annual Growth Rate


2019 Annual Delay Per Train Minutes/Year
Per Train Average Delay per Vehicle; 2019 Proposed 


Action ADT
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Table 4. Category 2 Data Inputs 


 


 
Category 3: Additional WA State Crossings with Reported ADT 
Additional crossings outside of Cowlitz County were modelled based on crossing data 
available from the Proposed Gateway Pacific Terminal and Custer Spur Modification 
Transportation Technical Report (CH2M, 2015). Similar to Category 2, Average delay per 
vehicle associated with 1 train was generated based on the Category 1 crossing 
relationship between average, per-train delay per vehicle and per-train gate downtime. 
 
 
 


Left Intentionally Blank 
 


Category 2 Data Inputs Units Source


Given:


2015 No-Action Average Daily Traffic (ADT) Vehicle/Day Vehicle Transportation Technical Report Appendix B


Freight Train Speed (mph) (UTC Data) MPH Vehicle Transportation Technical Report Appendix B


2028 No-Action Daily Trains Per Crossing Trains/Day Vehicle Transportation Technical Report, Table 16


2028 Proposed Action Daily Trains Per Crossing Trains/Day Vehicle Transportation Technical Report, Table 16


Estimated Daily Gate Downtime from Proposed Action-


related Trains
Minutes/Day Vehicle Transportation Technical Report, Table 16


2028 Proposed Action Average Weighted Train Length Feet Vehicle Transportation Technical Report Appendix A


ADT Annual Growth Rate % / Year Vehicle Tranportation Technical Report, Table 6 note C


Derived:


2028 Proposed Action Daily Trains Per Crossing Trains
2028 No-Action & Proposed Action Daily Trains Per 


Crossing


Estimated Daily Gate Downtime from 1 Proposed 


Action-related Train
Seconds/Train/Day


Estimated Daily Gate Downtime from Proposed Action-


related Trains; 2028 Proposed Action Daily Trains Per 


Crossing


Per Train Average Delay per Vehicle (Resulting from 


Proposed Action, 1 train per day)
Seconds/Vehicle/Day


Estimated Daily Gate Downtime from 1 Proposed 


Action-related Train


2019 Proposed Action (Current Track Infrastructure) 


ADT
Vehicle/Day 2015 No-Action ADT; ADT Annual Growth Rate


2019 Annual Delay Per Train Minutes/Year
Per Train Average Delay per Vehicle; 2019 Proposed 


Action (Current Track Infrastructure) ADT
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Table 5. Category 3 Data Inputs 


 


 


Category 4: Additional WA State Crossings with Estimated ADT 
This final category of crossings follows the inputs laid out in Category 3, but required 
additional estimation of 2019 Average Daily Traffic (ADT). County-level crossing 
characteristics with reported ADT were used to derive county average ADT per crossing.  


 
 
 
 


Left Intentionally Blank 


 
 


Category 3 Data Inputs Units Source


Given:


2014 No-Action Average Daily Traffic (ADT) Vehicle/Day
Proposed Gateway Pacific Terminal and Custer Spur 


Modification - Transportation Technical Report


Rail Crossing SubDivision Categorical
Proposed Gateway Pacific Terminal and Custer Spur 


Modification - Transportation Technical Report


Average No-Action Blocked Time Per Train Minutes
Proposed Gateway Pacific Terminal and Custer Spur 


Modification - Transportation Technical Report


Average Proposed Action Blocked Time Per Train By 


Train Miles Per Hour
Minutes Vehicle Transportation Technical Report, pg. 3-29


2028 Proposed Action Daily Trains Per Crossing Trains/Day Vehicle Transportation Technical Report, Table 16


2028 Proposed Action Average Weighted Train Length Feet
Vehicle Transportation Technical Report Appendix A, 


pg. 3-29


ADT Annual Growth Rate % / Year Vehicle Tranportation Technical Report, Table 6 note C


Derived:


Freight Train Miles Per Hour At Crossing MPH Average No-Action Blocked Time Per Train


Estimated Daily Gate Downtime from 1 Proposed 


Action-related Train
Seconds/Train/Day


Freight Train Miles Per Hour At Crossing; Average 


Proposed Action Blocked Time Per Train By Train Miles 


Per Hour


Per Train Average Delay per Vehicle (Resulting from 


Proposed Action, 1 train per day)
Seconds/Vehicle/Day


Estimated Daily Gate Downtime from 1 Proposed 


Action-related Train


2019 Proposed Action (Current Track Infrastructure) 


ADT
Vehicle/Day 2014 No-Action ADT; ADT Annual Growth Rate


2019 Annual Delay Per Train Minutes/Year
Per Train Average Delay per Vehicle; 2019 Proposed 


Action (Current Track Infrastructure) ADT
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Table 6. Category 4 Data Inputs 


 


 


Annual Vehicle Delay Over Assessment Period 
To scale from 2019 vehicle delays per train to the full Proposed Action and assessment 
period, two additional factors were included:  growth rates of vehicle use and 
population and the gradual increase in operations (2019 – 2024). Annual vehicle delay 
was calculated by factoring in the marginal population and vehicle use increase from 
base year 2019 and multiplying per-train impacts by the number of daily trains passing 
each crossing in that year. 


Category 4 Data Inputs Units Source


Given:


2014 No-Action Average Daily Traffic (ADT) - Category 


3 Crossings
Vehicle/Day


Proposed Gateway Pacific Terminal and Custer Spur 


Modification - Transportation Technical Report


Rail Crossing SubDivision Categorical
Proposed Gateway Pacific Terminal and Custer Spur 


Modification - Transportation Technical Report


Average No-Action Blocked Time Per Train Minutes
Proposed Gateway Pacific Terminal and Custer Spur 


Modification - Transportation Technical Report


Average Proposed Action Blocked Time Per Train By 


Train Miles Per Hour
Minutes Vehicle Transportation Technical Report, pg. 3-29


2028 Proposed Action Daily Trains Per Crossing Trains/Day Vehicle Transportation Technical Report, Table 16


2028 Proposed Action Average Weighted Train Length Feet
Vehicle Transportation Technical Report Appendix A, 


pg. 3-29


ADT Annual Growth Rate % / Year Vehicle Tranportation Technical Report, Table 6 note C


Derived:


2014 No-Action Average ADT by SubDivision Vehicle/Day
2014 No-Action Average Daily Traffic (ADT) - Category 


3 Crossings; Rail Crossing Subdivision


Freight Train Miles Per Hour At Crossing MPH Average No-Action Blocked Time Per Train


Estimated Daily Gate Downtime from 1 Proposed 


Action-related Train
Seconds/Train/Day


Freight Train Miles Per Hour At Crossing; Average 


Proposed Action Blocked Time Per Train By Train Miles 


Per Hour


Per Train Average Delay per Vehicle (Resulting from 


Proposed Action, 1 train per day)
Seconds/Vehicle/Day


Estimated Daily Gate Downtime from 1 Proposed 


Action-related Train


2019 Proposed Action (Current Track Infrastructure) 


ADT
Vehicle/Day


2014 No-Action Average ADT by SubDivision; ADT 


Annual Growth Rate


2019 Annual Delay Per Train Minutes/Year
Per Train Average Delay per Vehicle; 2019 Proposed 


Action (Current Track Infrastructure) ADT
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Risk and Impact 
Every additional minute of delay per vehicle costs $0.57 when combining lost time, 
wasted fuel, and emitted carbon ($2017, Pishue, 2017). The economic impact is 
estimated by multiplying this per-minute cost by the total annual vehicle delay minutes 
experienced per year due to Proposed Action train volumes. The per-vehicle figure relies 
on US Department of Transportation statistics on vehicle type, occupancy, and trip 
purpose to arrive at an average cost per minute, per vehicle (USDOT, 2016). There are 
additional costs to vehicle occupants that have not been included in this valuation, 
including increased daycare costs, job penalty or loss due to late arrival, cost of missed 
appointments, etc. While drivers throughout Washington State would suffer these cost 
burdens, drivers within the counties containing impacted crossings are most likely to be 
impacted (see Figure 3). 
 


Figure 3. Impacted Counties 
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6.2.3 Data Limitations 
• Though delay time could be expected at all 288 crossings, not all could be modelled in 


this analysis - the estimated train speeds and annual traffic volume for some crossings 
would result in minimal delays that fall outside the parameters of the current analysis. 
 


• Category 4 estimation of ADT could be improved with additional information on crossing 
type and other characteristics. 
 


• Delay costs for commercial freight are not considered in this analysis. US Department of 
Transportation identifies freight delay as a significant cost attributable to rail activity, 
but these impacts remain difficult to quantify, because the specific goods carried will 
impact the cost of delays (USDOT, 2016). 


6.3 Results 


6.3.1 Annual and Cumulative Impacts 
 
2019 Annual Vehicle Delay Per Train:  
Table 7 below summarizes the 2019 annual delay per train across all crossings by 
category. The 2019 value for per-train minutes of delay was then scaled for each 
assessment year based on predicted average daily traffic and the Proposed Action train 
increases. 


Table 7. 2019 Per-Train Vehicle Delay by Category 


 
 
As presented in Table 7, Category 1 crossings experience the greatest delay per crossing 
due to 1 Proposed Action train in 2019. This is a result of long gate downtimes from 
slow train speeds occurring at crossings in proximity to the export terminal. 
 
Annual Vehicle Delay Cost Over Assessment Period: 
Based on the total minutes of delay in each assessment year (a function of average daily 
traffic, train volume, and per-train delay per vehicle) and the economic cost per minute 


Category 1 Category 2 Category 3 Category 4


Number of Crossings 17 38 82 91


2019 Per-Train Annual 


Vehicle Delay Minutes
595,000           127,000           1,065,000        478,000           


Average Per-Crossing 


2019 Per-Train Annual 


Vehicle Delay Minutes


35,000             3,000               13,000             5,000               
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of delay ($0.57/minute), the annual vehicle delay cost for each assessment year is 
displayed in Table 8 below by crossing category. 


Table 8. Annual Vehicle Delay Cost Over Assessment Period 


Year 
Category 1 Category 2 Category 3 Category 4 All Crossings 


(17 crossings) (38 crossings) (82 crossings) (91 crossings) (228 crossings) 


1 2019  $               673,000   $                 97,000   $               638,000   $               323,000   $            1,731,000  


2 2020  $            1,378,000   $               197,000   $            1,301,000   $               660,000   $            3,536,000  


3 2021  $            3,524,000   $               503,000   $            3,317,000   $            1,682,000   $            9,026,000  


4 2022  $            3,605,000   $               513,000   $            3,384,000   $            1,716,000   $            9,218,000  


5 2023  $            3,689,000   $               523,000   $            3,451,000   $            1,750,000   $            9,413,000  


6 2024  $            6,040,000   $               854,000   $            5,633,000   $            2,857,000   $         15,384,000  


7 2025  $            6,180,000   $               871,000   $            5,745,000   $            2,914,000   $         15,710,000  


8 2026  $            6,325,000   $               889,000   $            5,860,000   $            2,972,000   $         16,046,000  


9 2027  $            6,473,000   $               907,000   $            5,978,000   $            3,032,000   $         16,390,000  


10 2028  $            6,624,000   $               925,000   $            6,097,000   $            3,092,000   $         16,738,000  


11 2029  $            6,780,000   $               943,000   $            6,219,000   $            3,154,000   $         17,096,000  


12 2030  $            6,940,000   $               962,000   $            6,343,000   $            3,217,000   $         17,462,000  


13 2031  $            7,103,000   $               981,000   $            6,470,000   $            3,281,000   $         17,835,000  


14 2032  $            7,271,000   $            1,001,000   $            6,600,000   $            3,347,000   $         18,219,000  


15 2033  $            7,443,000   $            1,021,000   $            6,732,000   $            3,414,000   $         18,610,000  


16 2034  $            7,620,000   $            1,041,000   $            6,866,000   $            3,482,000   $         19,009,000  


17 2035  $            7,801,000   $            1,062,000   $            7,004,000   $            3,552,000   $         19,419,000  


18 2036  $            7,987,000   $            1,083,000   $            7,144,000   $            3,623,000   $         19,837,000  


19 2037  $            8,178,000   $            1,105,000   $            7,287,000   $            3,695,000   $         20,265,000  


20 2038  $            8,373,000   $            1,127,000   $            7,432,000   $            3,769,000   $         20,701,000  


21 2039  $            8,574,000   $            1,150,000   $            7,581,000   $            3,845,000   $         21,150,000  


22 2040  $            8,780,000   $            1,173,000   $            7,733,000   $            3,922,000   $         21,608,000  


23 2041  $            8,992,000   $            1,196,000   $            7,887,000   $            4,000,000   $         22,075,000  


24 2042  $            9,209,000   $            1,220,000   $            8,045,000   $            4,080,000   $         22,554,000  


25 2043  $            9,431,000   $            1,245,000   $            8,206,000   $            4,162,000   $         23,044,000  


26 2044  $            9,660,000   $            1,269,000   $            8,370,000   $            4,245,000   $         23,544,000  


27 2045  $            9,895,000   $            1,295,000   $            8,537,000   $            4,330,000   $         24,057,000  


28 2046  $         10,136,000   $            1,321,000   $            8,708,000   $            4,416,000   $         24,581,000  


29 2047  $         10,383,000   $            1,347,000   $            8,882,000   $            4,505,000   $         25,117,000  


30 2048  $         10,637,000   $            1,374,000   $            9,060,000   $            4,595,000   $         25,666,000  


31 2049  $         10,898,000   $            1,402,000   $            9,241,000   $            4,687,000   $         26,228,000  


32 2050  $         11,166,000   $            1,430,000   $            9,426,000   $            4,780,000   $         26,802,000  


33 2051  $         11,441,000   $            1,458,000   $            9,615,000   $            4,876,000   $         27,390,000  


34 2052  $         11,723,000   $            1,487,000   $            9,807,000   $            4,974,000   $         27,991,000  


35 2053  $         12,013,000   $            1,517,000   $         10,003,000   $            5,073,000   $         28,606,000  
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Year 
Category 1 Category 2 Category 3 Category 4 All Crossings 


(17 crossings) (38 crossings) (82 crossings) (91 crossings) (228 crossings) 


36 2054  $         12,311,000   $            1,547,000   $         10,203,000   $            5,175,000   $         29,236,000  


37 2055  $         12,618,000   $            1,578,000   $         10,407,000   $            5,278,000   $         29,881,000  


38 2056  $         12,932,000   $            1,610,000   $         10,615,000   $            5,384,000   $         30,541,000  


39 2057  $         13,255,000   $            1,642,000   $         10,828,000   $            5,491,000   $         31,216,000  


40 2058  $         13,588,000   $            1,675,000   $         11,044,000   $            5,601,000   $         31,908,000  


41 2059  $         13,929,000   $            1,709,000   $         11,265,000   $            5,713,000   $         32,616,000  


42 2060  $         14,280,000   $            1,743,000   $         11,490,000   $            5,827,000   $         33,340,000  


43 2061  $         14,640,000   $            1,778,000   $         11,720,000   $            5,944,000   $         34,082,000  


44 2062  $         15,010,000   $            1,813,000   $         11,955,000   $            6,063,000   $         34,841,000  


45 2063  $         15,391,000   $            1,849,000   $         12,194,000   $            6,184,000   $         35,618,000  


46 2064  $         15,783,000   $            1,886,000   $         12,438,000   $            6,308,000   $         36,415,000  


47 2065  $         16,185,000   $            1,924,000   $         12,686,000   $            6,434,000   $         37,229,000  


48 2066  $         16,599,000   $            1,963,000   $         12,940,000   $            6,563,000   $         38,065,000  


49 2067  $         17,024,000   $            2,002,000   $         13,199,000   $            6,694,000   $         38,919,000  


50 2068  $         17,462,000   $            2,042,000   $         13,463,000   $            6,828,000   $         39,795,000  


 


Across all modelled crossings, the annual vehicle delay costs increase from $1.7 million 
in 2019 to $39.8 million in 2068, in $2017. Table 9 below applies a 2.75% discount rate 
to total annual costs described above, as well as displaying the cumulative impact of 
vehicle delays for each assessment year. 


Table 9. Annual and Cumulative Impact for All Modelled Crossings by Year 


Year 
Annual Impact Annual Impact Cumulative Impact Cumulative Impact 


(0% Discount) (2.75% Discount) (0% Discount) (2.75% Discount) 


1 2019  $               1,731,000   $                 1,685,000   $                     1,731,000   $                     1,685,000  


2 2020  $               3,536,000   $                 3,349,000   $                     5,267,000   $                     5,034,000  


3 2021  $               9,026,000   $                 8,321,000   $                   14,293,000   $                   13,355,000  


4 2022  $               9,218,000   $                 8,270,000   $                   23,511,000   $                   21,625,000  


5 2023  $               9,413,000   $                 8,219,000   $                   32,924,000   $                   29,844,000  


6 2024  $            15,384,000   $               13,073,000   $                   48,308,000   $                   42,917,000  


7 2025  $            15,710,000   $               12,993,000   $                   64,018,000   $                   55,910,000  


8 2026  $            16,046,000   $               12,916,000   $                   80,064,000   $                   68,826,000  


9 2027  $            16,390,000   $               12,839,000   $                   96,454,000   $                   81,665,000  


10 2028  $            16,738,000   $               12,761,000   $                 113,192,000   $                   94,426,000  


11 2029  $            17,096,000   $               12,685,000   $                 130,288,000   $                 107,111,000  


12 2030  $            17,462,000   $               12,610,000   $                 147,750,000   $                 119,721,000  


13 2031  $            17,835,000   $               12,535,000   $                 165,585,000   $                 132,256,000  


14 2032  $            18,219,000   $               12,462,000   $                 183,804,000   $                 144,718,000  


15 2033  $            18,610,000   $               12,389,000   $                 202,414,000   $                 157,107,000  







 
 


 


Reproduction of this publication for educational or other non-commercial purposes is authorized without prior 
written permission from the author, provided the source is fully acknowledged. Reproduction of this publication 
for resale or other commercial purposes is prohibited without prior written permission of the author. 177 


 


 


Year 
Annual Impact Annual Impact Cumulative Impact Cumulative Impact 


(0% Discount) (2.75% Discount) (0% Discount) (2.75% Discount) 


16 2034  $            19,009,000   $               12,315,000   $                 221,423,000   $                 169,422,000  


17 2035  $            19,419,000   $               12,244,000   $                 240,842,000   $                 181,666,000  


18 2036  $            19,837,000   $               12,173,000   $                 260,679,000   $                 193,839,000  


19 2037  $            20,265,000   $               12,103,000   $                 280,944,000   $                 205,942,000  


20 2038  $            20,701,000   $               12,032,000   $                 301,645,000   $                 217,974,000  


21 2039  $            21,150,000   $               11,964,000   $                 322,795,000   $                 229,938,000  


22 2040  $            21,608,000   $               11,896,000   $                 344,403,000   $                 241,834,000  


23 2041  $            22,075,000   $               11,828,000   $                 366,478,000   $                 253,662,000  


24 2042  $            22,554,000   $               11,761,000   $                 389,032,000   $                 265,423,000  


25 2043  $            23,044,000   $               11,695,000   $                 412,076,000   $                 277,118,000  


26 2044  $            23,544,000   $               11,629,000   $                 435,620,000   $                 288,747,000  


27 2045  $            24,057,000   $               11,565,000   $                 459,677,000   $                 300,312,000  


28 2046  $            24,581,000   $               11,500,000   $                 484,258,000   $                 311,812,000  


29 2047  $            25,117,000   $               11,437,000   $                 509,375,000   $                 323,249,000  


30 2048  $            25,666,000   $               11,374,000   $                 535,041,000   $                 334,623,000  


31 2049  $            26,228,000   $               11,312,000   $                 561,269,000   $                 345,935,000  


32 2050  $            26,802,000   $               11,250,000   $                 588,071,000   $                 357,185,000  


33 2051  $            27,390,000   $               11,189,000   $                 615,461,000   $                 368,374,000  


34 2052  $            27,991,000   $               11,128,000   $                 643,452,000   $                 379,502,000  


35 2053  $            28,606,000   $               11,069,000   $                 672,058,000   $                 390,571,000  


36 2054  $            29,236,000   $               11,010,000   $                 701,294,000   $                 401,581,000  


37 2055  $            29,881,000   $               10,951,000   $                 731,175,000   $                 412,532,000  


38 2056  $            30,541,000   $               10,894,000   $                 761,716,000   $                 423,426,000  


39 2057  $            31,216,000   $               10,836,000   $                 792,932,000   $                 434,262,000  


40 2058  $            31,908,000   $               10,780,000   $                 824,840,000   $                 445,042,000  


41 2059  $            32,616,000   $               10,724,000   $                 857,456,000   $                 455,766,000  


42 2060  $            33,340,000   $               10,669,000   $                 890,796,000   $                 466,435,000  


43 2061  $            34,082,000   $               10,615,000   $                 924,878,000   $                 477,050,000  


44 2062  $            34,841,000   $               10,561,000   $                 959,719,000   $                 487,611,000  


45 2063  $            35,618,000   $               10,507,000   $                 995,337,000   $                 498,118,000  


46 2064  $            36,415,000   $               10,455,000   $              1,031,752,000   $                 508,573,000  


47 2065  $            37,229,000   $               10,402,000   $              1,068,981,000   $                 518,975,000  


48 2066  $            38,065,000   $               10,351,000   $              1,107,046,000   $                 529,326,000  


49 2067  $            38,919,000   $               10,300,000   $              1,145,965,000   $                 539,626,000  


50 2068  $            39,795,000   $               10,250,000   $              1,185,760,000   $                 549,876,000  


 


6.3.2 Final Results and Short Discussion 
The impact of increased vehicle delays to drivers across the state ranges from $550 
million to $1.19 billion across a 50-year impact period. 
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Table 10. Results Summary 


 


6.4 Major Data Sources 


• Millennium Bulk Terminals-Longview SEPA Environmental Impact Statement. 
SEPA Vehicle Transportation Technical Report (Cowlitz County and Ecology, 
2017a). 


• Proposed Gateway Pacific Terminal and Custer Spur Modification - 
Transportation Technical Report (CH2M, 2015). 


• US Traffic Hotspots, Measuring the Impact of Congestion in the United States 
(Pishue, 2017). 


• Additional studies included in Reference Section. 


6.5 Opinion 
Increased train volumes cause increased traffic delays where trains cross roadways.  
Waiting at railroad crossings causes substantial economic costs to drivers through lost 
time, wasted fuel, and carbon emissions. This does not include additional costs to 
drivers, such as increased payments for daycare, missed appointments, and job loss due 
to late arrivals. It also does not include additional costs to businesses and governments 
for late arrival of workers, truck freight delivery delays, and other costs.  


 
The marginal impact of increased train volumes as a subset of the total number of at-
grade rail crossings was modeled on an annual basis to derive total annual vehicle 
delays. This analysis included data on train speed, length, and gate downtime as well as 
average daily traffic at each analyzed crossing. Private crossings were not included due 
to a lack of data. The delay time was multiplied by an established per-minute vehicle 
delay cost due to lost time, fuel, and carbon emissions. This assumes no accident events 
that cause longer delays.  
 
Opinion: Vehicle Delay Damages due to the Proposed Action 
Considering the Proposed Action increases in train traffic and vehicle congestion on over 
200 crossings in Washington State, it is my opinion this will result in costs of $550 
million at a 2.75% discount rate or $1.19 billion at a zero discount rate across 50 years. 
This cost estimate reflects current crossing infrastructure. Delay time per vehicle may 


0.00% 2.75%


20 Year Impact (2019 - 2038) 301,645,000$        217,974,000$        


50 Year Impact (2019 - 2068) 1,185,760,000$     549,876,000$        


Discount Rate
Impact Duration
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decrease with future investment in railroad crossing infrastructure. Though current 
planning would upgrade a few crossings, this estimate remains a significant 
underestimate of the true damages, as it only includes time, fuel, and carbon emission 
costs and excludes private crossings.  
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7          Economic Costs of Vessel Transportation Externalities Associated with 
MBT-L 


7.1 Introduction 
The lower Columbia River is a heavily trafficked corridor for both commercial and 
recreational vessels, connecting ports and cities throughout the Columbia River and its 
tributaries to the Pacific Ocean and beyond. The vessel transport study area in the SEPA 
Final Environmental Impact Statement (Cowlitz County and Ecology, 2017a) extends 
from the Port of Portland to three nautical miles seaward of the mouth of the Columbia 
River, and includes all waters and ports adjacent to the deep-draft channel downstream 
of Portland. 
 
The vessels of the Proposed Action will substantially increase total vessel traffic on a 
segment of an already busy section of the river, further “crowding” the river and raising 
collision risks for all vessels within the study area. The product of this marginal change in 
collision probability and the replacement cost of each vessel can be understood as a 
core element of the marginal economic risks presented to other vessels by the Proposed 
Action. Other factors to consider are remediation costs for ecological damages resulting 
from collisions and other vessel-related incidents. Not all of these costs could be 
included here (e.g., non-vessel property damage, lost commerce following from 
transportation disruptions, long-term ecological impacts). 
 
Shipping accidents have been key drivers of environmental regulations over the past 
half-century. Public concern for the various forms of liability associated with these 
accidents (e.g. harm to ecosystems and infrastructure) often increases in the wake of 
accidents. In addition to spurring stronger regulatory responses, shipping accidents have 
also led to increased pressure from investors and other stakeholders for greater 
responsibility and more preventive measures on the part of shipping companies 
themselves. These risks are likely to grow along with greater traffic volumes and as 
changes to the global and regional climates accelerate, exacerbating many of the factors 
most strongly associated with vessel foundering: changing wind and wave patterns, 
extreme weather events, and storm surge (Butt, Johnson, Pike et al., 2013). While some 
of these concerns are more likely than others to be factors within the study area, 
significant increases in the number of ships traversing restricted shipping lanes, as in the 
Columbia River, are expected to increase collision risks. At full terminal operations, 
Section 5.4.5.1 of the FEIS states that the Proposed Action will add 840 Panamax (738 
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LOA, 106 ft beam, 68.5K DWT1) and Handymax (600 LOA, 106 ft beam, 46.1K DWT)2 
ships up and down these shipping lanes (Cowlitz County and Ecology, 2017a). This 
equates to 1,680 vessel transits, half of which will be of fully laden ships. 
 
Section 5.4 of the FEIS (Cowlitz County and Ecology, 2017a) is based on analysis by DNV 
GL (2016), who used 2014 data from the Automatic Identification System (AIS) to 
establish baseline traffic volumes and density by vessel type. DNV GL interviewed key 
stakeholders (e.g., river pilots) to identify navigational factors relevant to modeling 
traffic using the Marine Accident Risk Calculation System (MARCS). Based on these 
considerations, the MARCS system predicted increases for a range of incidents through 
2038, including: collisions (both vessels moving); allisions (one vessel striking a 
stationary object, including another vessel); drift and powered grounding; and fire or 
explosions. In addition to the Proposed Action vessels, DNV GL assumed a 1% annual 
growth in the number of vessels of each class. Increased incident probabilities 
attributable to Proposed Action-related vessel traffic were then calculated for all vessel 
classes currently active within the study area. By combining the probabilities of 
collisions, allisions, and groundings due to Proposed Action-related increases in vessel 
traffic, with average replacement costs for each vessel class impacted, the additional 
economic risk imposed on non-project vessels from the Proposed Action can be 
estimated, as detailed below. This includes both 20-year and 50-year projections. In 
addition, the potential economic risk posed by worst-case scenarios, in which collisions 
between two vessels result in the total (economic) loss of each, was calculated. 


7.2 Methods 


7.2.1 Incident Probabilities 
Section 6.2 of the DNV GL report (2016) also identified the incremental collision 
frequency by vessel type, that is attributable to the Proposed Action for two calendar 
years, 2028 and 2038. This is summarized in Table 1 and Table 2, reproduced below. 


  


                                                      
 
1 These are common metrics of vessel size. LOA signifies “Length Over All,” beam is the vessel width at its 
broadest point, and DWT is “Dead Weight Tons,” the mass of the vessel without cargo, crew, or 
passengers. 


2 See Table 5.4-13 in Cowlitz County and Ecology 2017 for characteristics of vessels associated with the 
Proposed Action. 
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Table 1: Incremental Collision Frequency by Vessel Type in 2028 


Impacted Vessel Cargo Fishing Passenger Pleasure Tanker Tug Project3 


Collision No Action 0.481 0.453 0.113 0.111 0.0275 0.410 N/A 


Collision With-
Project 


0.516 0.491 0.125 0.122 0.0299 0.456 0.151 


Incremental Increase 0.035 0.038 0.012 0.011 0.0024 0.046 0.151 


Incremental % 
Increase 


7.3% 8.4% 10.6% 9.9% 8.7% 11.2% N/A 


See Table 6-9 in DNV GL Oil and Gas Risk Advisory Services, 2016. Millennium Bulk Terminals-Longview (MBTL) 
Project: Navigational Risk Study (Risk Study No. PP141993-2 Rev 1). Prepared for ICF Jones and Stokes, Inc, Katy, TX. 


 


Table 2: Incremental Collision Frequency by Vessel Type in 2038 


Impacted Vessel Cargo Fishing Passenger Pleasure Tanker Tug Project 


Collision No Action 0.0102 0.645 0.162 0.160 0.0387 0.597 N/A 


Collision With-
Project 


1.080 0.687 0.175 0.172 0.0413 0.648 0.191 


Incremental Increase 0.060 0.042 0.013 0.012 0.0026 0.051 0.191 


Incremental % 
Increase 


5.9% 6.5% 8.0% 7.5% 6.7% 8.5% N/A 


See Table 6-10 in DNV GL Oil and Gas Risk Advisory Services, 2016. Millennium Bulk Terminals-Longview (MBTL) 
Project: Navigational Risk Study (Risk Study No. PP141993-2 Rev 1). Prepared for ICF Jones and Stokes, Inc, Katy, TX. 


 


 
Vessel transportation incidents are grouped by three categories: allisions, collisions 
(both vessels moving), and groundings (drifting or under power). Section 4.2 the DNV GL 
Navigation Risk Study (2016) reviews incidents for all vessel classes within the study 
area from 2001-2014, as recorded in the US Coast Guard’s MISLE database (public 
access is currently limited to the USCG’s PSIX database). It further identifies what 
proportion of incidents led to the total vessel loss (see Table 3). 


7.2.2 Incidents resulting in total loss 
Within the limited historical data set of 2001-2014, data show that when there is an 
incident type, only one vessel class per incident type has sustained total losses: fishing 
boats (allisions), recreational boats (collisions), and passenger vessels (groundings)4. The 


                                                      
 
3 In-table references to Proposed Action vessels have been shortened here to Project to align with the 
more abbreviated references to Cargo Ships, Fishing Vessels, etc. 


4 Because the MISLE dataset used for the Navigation Risk Study (DNV GL 2016) was limited to incidents 
that occurred between 2000 and 2014, these data likely under-represent the absolute number of… 
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proportion of vessel class incidents that caused total losses were then multiplied by the 
incremental collision frequencies for those classes for both 2028 and 2038, as shown in 
Table 3: 


Table 3: Incremental Increase in Incidents, by Vessel Classes Associated with a Total Loss 


Incidents per year Year Fishing  Passenger  Pleasure  


Incremental Increase 2028 0.038 0.012 0.011 


Incremental Increase 2038 0.042 0.013 0.012 


Incidents, percentage ending in total loss     


Allisions  45.45%     


Collisions      23.81% 


Groundings    6.25%   


Incidents ending in total loss per year     


Increased risk of annual vessel loss 
attributable to project 


2028 0.01727 0.00075 0.00262 


2038 0.01909 0.00081 0.00286 


Compiled from Tables 4-6, 4-7, and 4-8 in DNV GL Oil and Gas Risk Advisory Services, 2016. Millennium 
Bulk Terminals-Longview (MBTL) Project: Navigational Risk Study (Risk Study No. PP141993-2 Rev 1). 
Prepared for ICF Jones and Stokes, Inc, Katy, TX. 


 


7.2.3 Incidents resulting in partial loss 
Section 4.2 of the DNV GL Navigation Risk Study also reports the 2000-2014 MISLE data 
for incidents resulting in partial loss of a vessel (summarized in Table 4).  


Table 4: Annual percentage of incidents resulting in partial loss 


 Cargo Fishing  Passenger  Pleasure  Tanker  Tug  


Allisions 100.0% 18.2% 76.5% 100.0% 0.0% 32.4% 


Collisions 0.0% 50.0% 50.0% 76.2% 0.0% 31.3% 


Groundings 0.0% 25.0% 33.3% 0.0% 0.0% 50.0% 


Compiled from Tables 4-6, 4-7, and 4-8 in DNV GL Oil and Gas Risk Advisory Services, 2016. Millennium 
Bulk Terminals-Longview (MBTL) Project: Navigational Risk Study (Risk Study No. PP141993-2 Rev 1). 
Prepared for ICF Jones and Stokes, Inc, Katy, TX. 


 


                                                      
 
(4continued) …incidents resulting in total or partial losses. The lower Columbia River has served as a 
corridor for shipping and commercial fishing for more than a century; it seems likely that more than three 
vessel classes have suffered total losses in that time. The same could be expected of cargo vessels, 
passenger ships, and tankers suffering partial losses across the various incident types. Accordingly, these 
estimates likely underestimate the full risk posed by the Proposed Action. 
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From the annual percentages of partial-loss incidents, it is possible to calculate the 
incremental increases in incidents resulting in partial losses for each year (2028 and 
2038), as shown in Table 5. Partial losses of tankers were not observed in the MISLE 
data; the associated probabilities for incidents involving tankers are all zero. The same is 
true for collisions and groundings of cargo vessels, and grounding of pleasure boats. 


Table 5: Incremental Increase in Incidents, by Vessel Class Associated with a Partial Loss 


 Year Cargo Fishing Passenger Pleasure Tanker Tug 


Allisions 


2028 


0.0350 0.0069 0.0092 0.0110 0.0000 0.0149 


Collisions 0.0000 0.0190 0.0060 0.0084 0.0000 0.0144 


Groundings 0.0000 0.0095 0.0040 0.0000 0.0000 0.0230 


Allisions 


2038 


0.0600 0.0076 0.0099 0.0120 0.0000 0.0165 


Collisions 0.0000 0.0210 0.0065 0.0091 0.0000 0.0159 


Groundings 0.0000 0.0105 0.0043 0.0000 0.0000 0.0255 


  


7.2.4 Exposure 
The characteristics of each vessel class and subclass found within the study area are 
defined in Tables 5.4-4 and 5.4-8 of the FEIS (Cowlitz County and Ecology, 2017a). The 
exposure (what is at-risk) for each vessel class is assumed to be the average value of 
each vessel type within the study area. Given the diversity of vessel classes, the process 
of estimating average vessel value is addressed separately, by class. When determining 
the average value of each vessel class, wherever possible, searches were limited to 
vessels matching the DWT, length, beam, and type, as summarized below in Table 6. 
 


Table 6: Typical Vessel Types Operating on the Columbia River 


Vessel Class Vessel type DWT Length Beam 
Cowlitz County 
and Ecology  


Cargo/Carrier 


Automobile carriers 18,638 650 105 Table 5.4-8 


Container ships 57,088 260 33 Table 5.4-4 


Dry bulk 
50,000-
80,000 


650-965 
100-
106 


Table 5.4-4 


Fishing Fishing vessels  20-180 8-45 Table 5.4-8 


Passenger 
Cruise ships 


2,700-
13,290 


650-965 78-125 Table 5.4-4 


RoRo (car ferry)  109 47 Table 5.4-8 


Pleasure Power and sail boats  20-150 8-40 Table 5.4-8 


Tanker Tankers 
65,000-
80,000 


965 106 Table 5.4-4 
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Vessel Class Vessel type DWT Length Beam 
Cowlitz County 
and Ecology  


Tug Tug boats  50-150 26-35 Table 5.4-8 


Compiled from Tables 5.4-4 and 5.4-8 in Cowlitz County, WA, WA State Department of Ecology, 2017. 
Millennium Bulk Terminals - Longview: State Environmental Policy Act, Final Environmental Impact 
Statement, Volume I, (Section 5.4) Vessel Transportation. April. Prepared for Cowlitz County, Kelso, 
WA in cooperation with Washington State Department of Ecology, Southwest Region by ICF 
International, Rodino, Inc., and DNV GL. 


 


Cargo carriers 
The average value of cargo vessel types operating within the study area (automobile 
carriers, container ships, dry bulk carriers), were derived from the 2008-2018 sales 
records of an international commercial vessel brokerage based in London (Eggar 
Forrester, 2018). Limiting their dataset to vessels matching characteristics from 5.4-4 of 
the FEIS (Cowlitz County and Ecology, 2017a) resulted in: 15 automobile carriers 
(average sale price of $16.8 million); 16 container ships (average value $34 million); and 
1,874 dry bulk carriers (average value $19.2 million). The average replacement cost 
across the entire cargo/carrier class is $23.3 million per vessel. 


Fishing boats 
Commercial fishing boats operating within the study area were assumed to be second-
hand. Accordingly, contemporary prices for these vessels were estimated based on 
searches of a prominent online brokerage of used commercial fishing boats for vessels 
20-180 feet in length (OceanMarine, 2018a), which identified 24 boats offered for sale, 
averaging 79 feet in length. Based on these values, the average replacement cost is 
estimated at $652,000 per vessel. 


Passenger vessels 
The FEIS (Cowlitz County and Ecology, 2017a) identifies two types of passenger vessels 
operating within the study area: the car ferry owned and operated by Wahkiakum 
County, and cruise ships ranging from 560 to 965 feet in length. The ferry was built in 
2014 for $6 million ($2017). The average replacement cost of a cruise ship is based on 
the 2008-2018 sales records of Eggar Forrester, again limited by vessel characteristics 
from 5.4-4 and 5.4-8 of the FEIS. This resulted in 16 vessels (average sale price of $64.8 
million), with an average replacement cost across the entire passenger vessel class of 
$35.4 million per vessel. 


Pleasure vessels (sail and power) 
To estimate the average value of pleasure boats operating within the study area (power 
and sail boats), Portland-area Craigslist listings were searched for boats 20 feet to 150 
feet in length, and duplicate listings were excluded. This resulted in 354 boats with an 
average list price of $39,600. 
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Tug and tow boats 
Tug and tow boats operating within the study area were assumed to be second-hand 
vessels. Listings by a prominent, online, used tug boat brokerage were reviewed for 
vessels 50-150 feet in length (OceanMarine 2018b). 55 tugs were listed for sale, 
averaging 101 feet in length, with an average beam of 29 feet. The average replacement 
cost was $1.7 million per vessel. 


7.3 Results 


7.3.1 Risk-Impact 
The economic risk-impact (hereafter abbreviated as “R-I”) of Proposed Action-induced 
incidents is the product of the loss rates per vessel class and the average replacement 
costs by vessel class, weighted by the magnitude of loss (total or partial). Accordingly, 
the R-I for incidents resulting in total losses (100 percent of replacement costs) is 
$37,900 in 2028 ($28,900 at a 2.75% discount rate), as summarized in Table 7. 
 
The likelihood that an incident will result in partial losses varies both by incident type 
(allisions, collisions, groundings) and vessel class. Accordingly, the expected annual 
collisions resulting in partial damage must be calculated separately for each incident 
type. Because the Navigation Risk Study (DNV GL 2016) does not characterize what 
constitutes a partial loss (e.g. absolute or proportional costs), and because it was not 
possible to extract the relevant incident loss data from the USGC’s PSIX dataset, an 
average loss of 50% of vessel replacement costs was assumed. 
 
Assuming a loss of 50% of the average vessel value by class5, the R-I for incidents 
resulting in partial losses in 2028 is $804,800 at a discount rate of 0 and $613,600 at a 
2.75% discount rate. Thus, in 2028, the additional economic risk-impact attributable to 
the crowding effect caused by the project vessels is $804.8K ($613.6K at a 2.75 discount 
rate), as summarized in Table 7. 
 
Table 7: Additional Risk-Impact Attributed to Proposed Action Vessels 2028 ($2017) 


Year Loss Cargo Fishing Passenger Pleasure Tug 
Discount rate 


0% 2.75% 


2028 100%  $11,255 $26,542 $104  $37,901 $28,896 


                                                      
 
5 This is a conservative estimate. Marine insurance typically compensates for total losses only when 
damages cannot be repaired, or exceed the value of the vessel and its cargo (GMIA, 2015). Vessel 
replacement costs have been identified here as the average price of second-hand vessels only, as defined 
by the metrics supplied in Cowlitz County and Ecology (2017) and it disregards cargo value. Moreover, 
these estimates exclude externalities, such as environmental damages and remediation costs. 
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Year Loss Cargo Fishing Passenger Pleasure Tug 
Discount rate 


0% 2.75% 


50%        


Allisions $408,278 $2,251 $162,377 $218 $12,883 $586,007 $484,652 


Collisions $0 $6,191 $106,169 $166 $12,444 $124,970 $100,589 


Groundings $0 $3,095 $70,780 $0 $19,910 $93,785 $73,468 


     Total $804,763 $613,550 


         


 
Similarly, the R-I for incidents resulting in total losses is $41,300 in 2038 ($24,000 at a 
2.75% discount rate). The R-I for incidents resulting in 50-percent losses in 2038 is 
$1.13M ($732.6K at a 2.75 discount rate). Thus, in 2038, the additional economic risk-
impact attributable to the crowding effect caused by the Proposed Action project 
vessels is $1.13 million ($657,300 at a 2.75% discount rate), as summarized in Table 8. 


Table 8: Additional Risk-Impact Attributed to Proposed Action Vessels 2038 ($2017) 


Year Loss Cargo Fishing Passenger Pleasure Tug 
Discount Rate 


0% 2.75% 


2038 


100%  $12,440 $28,754 $113  $41,307 $24,010 


50%        


Allisions $699,906 $2,488 $175,908 $238 $14,284 $892,823 $662,469 


Collisions $0 $6,842 $115,017 $181 $13,797 $135,837 $98,093 


Groundings $0 $3,421 $76,678 $0 $22,075 $102,174 $71,808 


      Total $1,130,834 $657,298 


Cumulative Risk-Impact 
The FEIS considers cumulative impacts for a period of 20 years, post-construction: 
 


“The cumulative impacts analysis year is 2038. This was selected as the analysis 
year because it is 20 years after the assumed start date for construction of the 
Proposed Action (2018) and 10 years after the Proposed Action would reach full 
operation (with a throughput of up to 44 million metric tons of coal per year)” 
(Cowlitz County and Ecology, 2017b, pg. S-40).  


 
Following the original analysis, 2018 is defined as the base year (“year 0”), and risks 
were assumed to increase linearly each following year up to 2038. A 50-year cumulative 
impact estimate was also calculated, in which the annual losses in 2038 were assumed 
to remain static through year 50 (2068). 
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Incidents resulting in total loss 
The annual increments for the first 10-year period is calculated as the 2028 rate divided 
by 10. This value is added to the running total for each year, 1-10. The annual 
increments second period is calculated as the difference between the 2028 and 2038 
rates, again divided by 10. As with the first period, this is added to the 2028 value for 
2029 and each subsequent year (see Table 9). Again, the 2038 rates were assumed to 
remain static at full operation through project year 50 (2068). 


Table 9: Annual Collisions Resulting in Total Vessel Loss, Attributed to Proposed Action 


Year Fishing  Passenger  Pleasure  


1 2019 0.001727 0.000075 0.000262 


2 2020 0.003454 0.000150 0.000524 


3 2021 0.005181 0.000225 0.000786 


4 2022 0.006908 0.000300 0.001048 


5 2023 0.008636 0.000375 0.001310 


6 2024 0.010363 0.000450 0.001572 


7 2025 0.012090 0.000525 0.001833 


8 2026 0.013817 0.000600 0.002095 


9 2027 0.015544 0.000675 0.002357 


10 2028 0.017271 0.000750 0.002619 


11 2029 0.017453 0.000756 0.002643 


12 2030 0.017634 0.000763 0.002667 


13 2031 0.017816 0.000769 0.002691 


14 2032 0.017998 0.000775 0.002714 


15 2033 0.018180 0.000781 0.002738 


16 2034 0.018362 0.000788 0.002762 


17 2035 0.018544 0.000794 0.002786 


18 2036 0.018725 0.000800 0.002810 


19 2037 0.018907 0.000806 0.002833 


20-50 2038-2068 0.019089 0.000813 0.002857 


     


 
Multiplying these annual incident rates by the relevant exposure values for each vessel 
type produces the following matrix for the economic risk-impact for total vessel loss 
(see Table 10):  
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Table 10: Economic Risk-Impact of Total Vessel Loss ($2017) 


Year Fishing Passenger  Pleasure 
Discount rates 


0% 2.75% 


1 2019 $1,125 $2,654 $10 $3,790 $3,689 


2 2020 $2,251 $5,308 $21 $7,580 $7,180 


3 2021 $3,376 $7,963 $31 $11,370 $10,482 


4 2022 $4,502 $10,617 $42 $15,160 $13,601 


5 2023 $5,627 $13,271 $52 $18,950 $16,547 


6 2024 $6,753 $15,925 $62 $22,741 $19,325 


7 2025 $7,878 $18,580 $73 $26,531 $21,942 


8 2026 $9,004 $21,234 $83 $30,321 $24,405 


9 2027 $10,129 $23,888 $93 $34,111 $26,721 


10 2028 $11,255 $26,542 $104 $37,901 $28,896 


11 2029 $11,373 $26,764 $105 $38,241 $28,375 


12 2030 $11,492 $26,985 $106 $38,582 $27,861 


13 2031 $11,610 $27,206 $107 $38,923 $27,355 


14 2032 $11,729 $27,427 $108 $39,263 $26,856 


15 2033 $11,847 $27,648 $108 $39,604 $26,364 


16 2034 $11,966 $27,869 $109 $39,944 $25,879 


17 2035 $12,084 $28,091 $110 $40,285 $25,401 


18 2036 $12,203 $28,312 $111 $40,626 $24,930 


19 2037 $12,321 $28,533 $112 $40,966 $24,466 


20-506 2038-2068 $12,440 $28,754 $113 $41,307 $24,010 


20-YEAR TOTAL $606,197 $434,284 


50-YEAR TOTAL $1,845,403 $920,463 


       


 


This produces an initial estimated total of $606,000 prior to discounting, and a Net 
Present Value (NPV) of $434,300 at a 2.75% discount rate after 20 years. At a 50-year 
project horizon, the cumulative total is $1.8 million prior to discounting, and $920,000 
at a 2.75% discount rate. This represents the risk of total loss based only on MISLE’s 
historical accident data from the lower Columbia River, and the modeled risk increases 
for vessel classes where total losses have been recorded. It is based on the most 


                                                      
 
6 Because the un-discounted annual risk is static for years 20 through 50, annual and cumulative values 
are reported for year 20, with separate cumulative totals for the 50-year projections. This pattern is 
consistent throughout this chapter. 
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conservative assumptions in terms of the risk of loss, as well as average vessel 
replacement costs. It does not include externalities such as the cost of vessel removal, 
site remediation, or any other form of liability, public or private, nor does it address the 
full range of possible outcomes, including catastrophic loss. 


Incidents resulting in partial loss 
Annual increments for the first 10-year period of partial losses were calculated following 
the method described for total losses in the previous section. Separate matrices were 
required for allisions (Table 11), collisions (Table 12), and groundings (Table 13), owing 
to differences in the historical proportion of incidents resulting in partial loss by incident 
type. Again, the 2038 rates were assumed to remain static through project year 50. 


Table 11: Annual Allisions Resulting in Partial Vessel Loss, Attributed to Proposed Action 


Year Cargo  Fishing  Passenger  Pleasure  Tanker  Tug  


1 2019 0.00350 0.00069 0.00092 0.00110 0.00000 0.00149 


2 2020 0.00700 0.00138 0.00184 0.00220 0.00000 0.00298 


3 2021 0.01050 0.00207 0.00275 0.00330 0.00000 0.00446 


4 2022 0.01400 0.00276 0.00367 0.00440 0.00000 0.00595 


5 2023 0.01750 0.00345 0.00459 0.00550 0.00000 0.00744 


6 2024 0.02100 0.00415 0.00551 0.00660 0.00000 0.00893 


7 2025 0.02450 0.00484 0.00642 0.00770 0.00000 0.01042 


8 2026 0.02800 0.00553 0.00734 0.00880 0.00000 0.01191 


9 2027 0.03150 0.00622 0.00826 0.00990 0.00000 0.01339 


10 2028 0.03500 0.00691 0.00918 0.01100 0.00000 0.01488 


11 2029 0.03750 0.00698 0.00925 0.01110 0.00000 0.01504 


12 2030 0.04000 0.00705 0.00933 0.01120 0.00000 0.01521 


13 2031 0.04250 0.00713 0.00941 0.01130 0.00000 0.01537 


14 2032 0.04500 0.00720 0.00948 0.01140 0.00000 0.01553 


15 2033 0.04750 0.00728 0.00956 0.01150 0.00000 0.01569 


16 2034 0.05000 0.00735 0.00964 0.01160 0.00000 0.01585 


17 2035 0.05250 0.00742 0.00971 0.01170 0.00000 0.01601 


18 2036 0.05500 0.00749 0.00979 0.01180 0.00000 0.01618 


19 2037 0.05750 0.00756 0.00986 0.01190 0.00000 0.01634 


20-50 2038-2068 0.06000 0.00764 0.00994 0.01200 0.00000 0.01650 
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Table 12: Annual Collisions Resulting in Partial Vessel Loss, Attributed to Proposed Action 


Year Cargo  Fishing  Passenger  Pleasure  Tanker  Tug  


1 2019 0.00000 0.00190 0.06000 0.00084 0.00000 0.0014375 


2 2020 0.00000 0.00380 0.00120 0.00168 0.00000 0.0028750 


3 2021 0.00000 0.00570 0.00180 0.00251 0.00000 0.0043125 


4 2022 0.00000 0.00760 0.00240 0.00335 0.00000 0.0057500 


5 2023 0.00000 0.00950 0.00300 0.00419 0.00000 0.0071875 


6 2024 0.00000 0.01140 0.00360 0.00503 0.00000 0.0086250 


7 2025 0.00000 0.01330 0.00420 0.00587 0.00000 0.0100625 


8 2026 0.00000 0.01520 0.00480 0.0067048 0.00000 0.0115000 


9 2027 0.00000 0.01710 0.00540 0.0075429 0.00000 0.0129375 


10 2028 0.00000 0.01900 0.00600 0.0083810 0.00000 0.0143750 


11 2029 0.00000 0.01920 0.00605 0.0084571 0.00000 0.0145313 


12 2030 0.00000 0.01940 0.00610 0.0085333 0.00000 0.0146875 


13 2031 0.00000 0.01960 0.00615 0.0086095 0.00000 0.0148438 


14 2032 0.00000 0.01980 0.00620 0.0086857 0.00000 0.0150000 


15 2033 0.00000 0.02000 0.00625 0.0087619 0.00000 0.0151563 


16 2034 0.00000 0.02020 0.00630 0.0088381 0.00000 0.0153125 


17 2035 0.00000 0.02040 0.00635 0.0089143 0.00000 0.0154688 


18 2036 0.00000 0.02060 0.00640 0.0089905 0.00000 0.0156250 


19 2037 0.00000 0.02080 0.00645 0.0090667 0.00000 0.0157813 


20-50 2038-2068 0.00000 0.02100 0.00650 0.0091429 0.00000 0.0159375 


        


 


Table 13: Annual Groundings Resulting in Partial Vessel Loss, Attributed to Proposed Action 


Year Cargo  Fishing  Passenger  Pleasure  Tanker  Tug  


1 2019 0.0000000 0.0009500 0.0004000 0.0000000 0.0000000 0.0023000 


2 2020 0.0000000 0.0019000 0.0008000 0.0000000 0.0000000 0.0046000 


3 2021 0.0000000 0.0028500 0.0012000 0.0000000 0.0000000 0.0069000 


4 2022 0.0000000 0.0038000 0.0016000 0.0000000 0.0000000 0.0092000 


5 2023 0.0000000 0.0047500 0.0020000 0.0000000 0.0000000 0.0115000 


6 2024 0.0000000 0.0057000 0.0024000 0.0000000 0.0000000 0.0138000 


7 2025 0.0000000 0.0066500 0.0028000 0.0000000 0.0000000 0.0161000 


8 2026 0.0000000 0.0076000 0.0032000 0.0000000 0.0000000 0.0184000 


9 2027 0.0000000 0.0085500 0.0036000 0.0000000 0.0000000 0.0207000 


10 2028 0.0000000 0.0095000 0.0040000 0.0000000 0.0000000 0.0230000 


11 2029 0.0000000 0.0096000 0.0040333 0.0000000 0.0000000 0.0232500 
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Year Cargo  Fishing  Passenger  Pleasure  Tanker  Tug  


12 2030 0.0000000 0.0097000 0.0040667 0.0000000 0.0000000 0.0235000 


13 2031 0.0000000 0.0098000 0.0041000 0.0000000 0.0000000 0.0237500 


14 2032 0.0000000 0.0099000 0.0041333 0.0000000 0.0000000 0.0240000 


15 2033 0.0000000 0.0100000 0.0041667 0.0000000 0.0000000 0.0242500 


16 2034 0.0000000 0.0101000 0.0042000 0.0000000 0.0000000 0.0245000 


17 2035 0.0000000 0.0102000 0.0042333 0.0000000 0.0000000 0.0247500 


18 2036 0.0000000 0.0103000 0.0042667 0.0000000 0.0000000 0.0250000 


19 2037 0.0000000 0.0104000 0.0043000 0.0000000 0.0000000 0.0252500 


20-50 2038-2068 0.0000000 0.0105000 0.0043333 0.0000000 0.0000000 0.0255000 


        


 


The following three tables show the annual and cumulative R-I for Proposed Action-
induced incidents resulting in partial (50%) losses. Again, this is calculated as product of 
annual incident rates by type and the weighted average replacement values for each 
vessel class. 


Table 14: Economic Risk-Impact of Partial (50%) Vessel Loss from Allisions ($2017) 


Year Cargo Fishing  Passenger  Pleasure  Tanker  Tug  
Discount rate 


0% 2.75% 


1 2019 $81,656 $16,119 $21,409 $25,663 $0 $34,721 $179,568 $174,762 


2 2020 $163,311 $32,238 $42,818 $51,326 $0 $69,442 $359,135 $340,169 


3 2021 $244,967 $48,357 $64,227 $76,990 $0 $104,162 $538,703 $496,597 


4 2022 $326,623 $64,476 $85,636 $102,653 $0 $138,883 $718,271 $644,408 


5 2023 $408,278 $80,595 $107,044 $128,316 $0 $173,604 $897,838 $783,951 


6 2024 $489,934 $96,714 $128,453 $153,979 $0 $208,325 $1,077,406 $915,563 


7 2025 $571,590 $112,833 $149,862 $179,643 $0 $243,046 $1,256,974 $1,039,569 


8 2026 $653,246 $128,952 $171,271 $205,306 $0 $277,767 $1,436,541 $1,156,281 


9 2027 $734,901 $145,071 $192,680 $230,969 $0 $312,487 $1,616,109 $1,266,001 


10 2028 $816,557 $161,190 $214,089 $256,632 $0 $347,208 $1,795,677 $1,369,020 


11 2029 $874,882 $162,887 $215,873 $258,965 $0 $350,982 $1,863,590 $1,382,771 


12 2030 $933,208 $164,584 $217,657 $261,298 $0 $354,756 $1,931,503 $1,394,805 


13 2031 $991,533 $166,281 $219,441 $263,631 $0 $358,530 $1,999,417 $1,405,204 


14 2032 $1,049,859 $167,977 $221,225 $265,964 $0 $362,304 $2,067,330 $1,414,048 


15 2033 $1,108,184 $169,674 $223,009 $268,297 $0 $366,078 $2,135,243 $1,421,412 


16 2034 $1,166,510 $171,371 $224,793 $270,630 $0 $369,852 $2,203,157 $1,427,368 


17 2035 $1,224,835 $173,068 $226,577 $272,963 $0 $373,626 $2,271,070 $1,431,988 


18 2036 $1,283,161 $174,764 $228,361 $275,296 $0 $377,400 $2,338,983 $1,435,338 


19 2037 $1,341,486 $176,461 $230,146 $277,629 $0 $381,174 $2,406,897 $1,437,483 
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20-50 2038-2068 $1,399,812 $178,158 $231,930 $279,962 $0 $384,948 $2,474,810 $1,438,485 


      20-YEAR TOTAL $31,568,221 $22,375,223 


      50-YEAR TOTAL $105,812,518 $51,503,532 


         


 


Table 15: Economic Risk-Impact of Partial (50%) Vessel Loss from Collisions ($2017) 


Year Cargo Fishing  Passenger  Pleasure  Tanker  Tug  
Discount rate 


0% 2.75% 


1 2019 $0 $44,327 $13,998 $19,553 $0 $33,537 $111,416 $108,434 


2 2020 $0 $88,655 $27,996 $39,106 $0 $67,074 $222,831 $211,063 


3 2021 $0 $132,982 $41,994 $58,659 $0 $100,611 $334,247 $308,121 


4 2022 $0 $177,309 $55,992 $78,212 $0 $134,149 $445,662 $399,833 


5 2023 $0 $221,637 $69,991 $97,765 $0 $167,686 $557,078 $486,415 


6 2024 $0 $265,964 $83,989 $117,318 $0 $201,223 $668,493 $568,076 


7 2025 $0 $310,292 $97,987 $136,870 $0 $234,760 $779,909 $645,017 


8 2026 $0 $354,619 $111,985 $156,423 $0 $268,297 $891,325 $717,433 


9 2027 $0 $398,946 $125,983 $175,976 $0 $301,834 $1,002,740 $785,510 


10 2028 $0 $443,274 $139,981 $195,529 $0 $335,372 $1,114,156 $849,430 


11 2029 $0 $447,940 $141,148 $197,307 $0 $339,017 $1,125,411 $835,047 


12 2030 $0 $452,606 $142,314 $199,084 $0 $342,662 $1,136,667 $820,826 


13 2031 $0 $457,272 $143,481 $200,862 $0 $346,308 $1,147,922 $806,768 


14 2032 $0 $461,938 $144,647 $202,639 $0 $349,953 $1,159,178 $792,874 


15 2033 $0 $466,604 $145,814 $204,417 $0 $353,598 $1,170,433 $779,146 


16 2034 $0 $471,270 $146,980 $206,195 $0 $357,244 $1,181,688 $765,585 


17 2035 $0 $475,936 $148,147 $207,972 $0 $360,889 $1,192,944 $752,192 


18 2036 $0 $480,602 $149,313 $209,750 $0 $364,534 $1,204,199 $738,968 


19 2037 $0 $485,268 $150,480 $211,527 $0 $368,180 $1,215,455 $725,912 


20-50 2038-2068 $0 $489,934 $151,646 $213,305 $0 $371,825 $1,226,710 $713,026 


      20-YEAR TOTAL $17,888,463 $12,809,677 


      50-YEAR TOTAL $54,689,766 $27,247,954 
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Table 16: Economic Risk-Impact of Partial (50%) Vessel Loss from Groundings ($2017) 


Year Cargo Fishing  Passenger  Pleasure  Tanker  Tug  
Discount rate 


0% 2.75% 


1 2019 $0 $22,164 $9,332 $0 $0 $53,659 $85,155 $82,876 


2 2020 $0 $44,327 $18,664 $0 $0 $107,319 $170,310 $161,316 


3 2021 $0 $66,491 $27,996 $0 $0 $160,978 $255,466 $235,498 


4 2022 $0 $88,655 $37,328 $0 $0 $214,638 $340,621 $305,593 


5 2023 $0 $110,818 $46,660 $0 $0 $268,297 $425,776 $371,768 


6 2024 $0 $132,982 $55,992 $0 $0 $321,957 $510,931 $434,182 


7 2025 $0 $155,146 $65,325 $0 $0 $375,616 $596,087 $492,988 


8 2026 $0 $177,309 $74,657 $0 $0 $429,276 $681,242 $548,336 


9 2027 $0 $199,473 $83,989 $0 $0 $482,935 $766,397 $600,368 


10 2028 $0 $221,637 $93,321 $0 $0 $536,595 $851,552 $649,222 


11 2029 $0 $223,970 $94,098 $0 $0 $542,427 $860,495 $638,482 


12 2030 $0 $226,303 $94,876 $0 $0 $548,260 $869,439 $627,852 


13 2031 $0 $228,636 $95,654 $0 $0 $554,092 $878,382 $617,333 


14 2032 $0 $230,969 $96,431 $0 $0 $559,925 $887,325 $606,928 


15 2033 $0 $233,302 $97,209 $0 $0 $565,757 $896,268 $596,638 


16 2034 $0 $235,635 $97,987 $0 $0 $571,590 $905,212 $586,463 


17 2035 $0 $237,968 $98,765 $0 $0 $577,422 $914,155 $576,406 


18 2036 $0 $240,301 $99,542 $0 $0 $583,255 $923,098 $566,467 


19 2037 $0 $242,634 $100,320 $0 $0 $589,087 $932,041 $556,648 


20-50 2038-2068 $0 $244,967 $101,098 $0 $0 $594,920 $940,985 $546,948 


      20-YEAR TOTAL $13,690,937 $9,802,311 


      50-YEAR TOTAL $41,920,476 $20,877,623 


          


 


Combining the cumulative economic risks across all loss categories and vessel classes 
results in a total 20-year R-I of $63.8 million ($32.8 million at a 2.75$ discount rate), as 
summarized in Table 17. 
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Table 17: 20-Year Cumulative Economic R-I for All Loss Categories ($2017) 


Losses 
Discount rate 


0% 2.75% 


Total losses $606,197 $434,284 


Allisions $31,568,221 $22,375,223 


Collisions $17,888,463 $12,809,677 


Groundings $13,690,937 $9,802,311 


Partial loss subtotal $63,147,621 $44,987,211 


20-YEAR TOTAL $63,753,818 $45,421,495 


   


 


At a 50-year horizon, the cumulative economic risks across all loss categories and vessel 
classes is $204.3 million ($100.5 million at a 2.75% discount rate), as summarized in 
Table 18. 


Table 18: 50-Year Cumulative Economic R-I for All Loss Categories ($2017) 


Losses 
Discount rate 


0% 2.75% 


Total losses $1,845,403 $920,463 


Allisions $105,812,518 $51,503,532 


Collisions $54,689,766 $27,247,954 


Groundings $41,920,476 $20,877,623 


Partial loss subtotal $202,422,760  $99,629,109  


50-YEAR TOTAL $204,268,163  $100,549,572  


   


 


7.3.2 Catastrophic Scenario Analyses 
Risk is driven by both traffic volume increases and environmental factors like wind, 
waves, and extreme weather (Butt, et al. 2013). This has resulted in a steady growth in 
the potential for catastrophic failure, as elaborated by the global insurance and asset 
management conglomerate Allianz, as part of their 2017 Safety and Shipping Review: 
 


Larger vessels may promise greater efficiencies but concurrently there remains 
an inherent danger from increasing exposures, which have quadrupled over the 
last decade … Exposures are increasing exponentially with higher values, the 
increasing size of vessels, the rising cost of wreck removal, environmental 
sensitivities, and greater levels of liability and regulation. 
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“When all these factors come together, they can produce a major casualty. The 
loss of a large container vessel or a tanker in an environmentally-sensitive area 
could cost many billions of dollars. A major casualty costing $2bn to $4bn is not 
unrealistic.”  
Rahul Khanna, Allianz Global Head of Marine Risk Consulting 


 
Allianz went on to describe a worst-case, $3.8 billion scenario, in which a container ship 
collides with a cruise ship and both vessels run aground in an environmentally sensitive 
location (see Table 19). 


Table 19: Potential Liabilities Associated with a Collision 
Between a Container Vessel and a Cruise Ship 


Liability category Container vessel Cruise ship 


Wreck removal and Site Remediation $1,250,000,000 $1,250,000,000 


Passenger and Crew Liabilities $200,000,000 $25,000,000 


Cargo Liabilities $100,000,000   


Bunker Removal and Oil Spill Response $100,000,000 $100,000,000 


Litigation Costs $100,000,000 $100,000,000 


Liability for Property Damage $100,000,000 $500,000,000 


Subtotal $1,850,000,000 $1,975,000,000 


Total  $3,825,000,000 


Source: Allianz, 2017. Safety and Shipping Review 2017 (Annual review of trends and developments in 
shipping losses and safety). Allianz Global Corporate and Specialty, London, UK. 


   


Translating this scenario to estimate the catastrophic R-I related to the Proposed Action 
involves two steps: scaling impacts to the vessel characteristics of the study area, and 
calculating compound probabilities – that is, cross multiplying the Proposed Action-
induced incident rates of the vessels involved. The Proposed Action is expected to use 
Panamax vessels for sea transport; the ecological externalities (highlighted in orange in 
Table 19) have been assumed to be consistent with the container vessel in the Allianz 
scenario. Replacement costs for the vessels associated with the Proposed Action have 
been omitted from the catastrophic R-I scenario. 
 
Replacement costs were included for a passenger vessel lost in a collision with a 
Proposed Action vessel in the catastrophic R-I scenario. Because the cruise ships 
operating within the study area are not the largest or most expensive in the world, the 
externality costs have been scaled according to the ratio between the largest cruise 
ships and the average cost of the passenger ships operating within the study area. 
Because container vessels, cargo ships, and tankers are similar in scale, externalities for 
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the latter two vessel classes have also been included, after similar scaling to the vessels 
operating within the study area (see Table 20)7. 


Table 20: Scaling Passenger Vessel Externalities to the Vessel Characteristics within the Study Area 


 Allianz Scenario Cargo Passenger Tanker 


Externalities (total) $1,350,000,000    


Most expensive 
vessel in class 


 $195,972,828 $225,285,733 $213,264,548 


Externalities/value  6.89 5.99 6.33 


Average vessel value 
in study area 


 $34,012,516 $35,389,771 $27,268,187 


Externalities 
(adjusted) 


 $234,302,364 $212,069,312 $172,612,150 


Allianz, 2017. Safety and Shipping Review 2017 (Annual review of trends and developments in shipping 
losses and safety). Allianz Global Corporate and Specialty, London, UK.; Eggar Forrester, 2018. Ship 
Valuations – CW Kellock & Co Ltd. Eggar Forrester. URL www.eggarforresterships.com/ship-valuations 
(accessed 9.20.18) 


 


Again, the compound probability is the collision rates for Proposed Action vessels, 
multiplied by the collision rates for cruise ships. The catastrophic R-I of a Proposed 
Action vessel striking a cruise ship for 2028 and 2038 is thus estimated at $6.9 million 
for 2028, and $9.5 million for 2038 ($2017), or $5.3 million and $5.5 million for each 
period at a 2.75% percent discount rate, respectively. 


 


Table 21: Compounded Incremental Collision Increase and Associated Economic Risks ($2017) 


 Project Vessel  Passenger Ship Compound Collision Risk 0% discount 2.75% discount 


2028 0.151 0.012 0.00181 $6,930,900 $5,284,104 


2038 0.191 0.013 0.00248 $9,497,475 $5,520,413 


      


 


Since replacement costs have been estimated for other vessel classes, it is similarly 
possible to generate catastrophic risk estimates for all possible combinations of vessel 
classes (see Tables 22 and 23). These matrices represent the compound probability of 
collision between every possible pairing of vessel classes, including two-vessel collisions 
within class (e.g. a cargo ship striking another cargo ship). For example, in 2028, there is 


                                                      
 
7 Note also that because these estimates are based on costs associated with container ships, the scaled 
estimate for tankers does not include the externalities associated with the environmental damages and 
remediation costs of its cargo (e.g. oil). 
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an expected probability of 0.01146 that a project vessel might strike another project 
vessel.  


Table 22: Compounded Vessel-to-vessel Collision Probabilities in 2028 


Vessel 
Class 


Cargo Fishing Passenger Pleasure Tanker Tug Project 


Cargo  0.00123 0.00252 0.00078 0.00072 0.00016 0.00306 0.01146 


Fishing  0.00252 0.00144 0.00055 0.00050 0.00011 0.00214 0.00802 


Passenger  0.00078 0.00055 0.00014 0.00016 0.00003 0.00066 0.00248 


Pleasure  0.00072 0.00050 0.00016 0.00012 0.00003 0.00061 0.00229 


Tanker  0.00016 0.00011 0.00003 0.00003 0.00001 0.00013 0.00050 


Tug  0.00306 0.00214 0.00066 0.00061 0.00013 0.00212 0.00974 


Project 0.01146 0.00802 0.00248 0.00229 0.00050 0.00974 0.02280 


        


Table 23: Compounded Vessel-to-vessel Collision Probabilities 2038-2068 


Vessel 
Class 


Cargo Fishing Passenger Pleasure Tanker Tug Project 


Cargo  0.00360 0.00252 0.00078 0.00072 0.00016 0.00306 0.01146 


Fishing  0.00252 0.00176 0.00055 0.00050 0.00011 0.00214 0.00802 


Passenger  0.00078 0.00055 0.00017 0.00016 0.00003 0.00066 0.00248 


Pleasure  0.00072 0.00050 0.00016 0.00014 0.00003 0.00061 0.00229 


Tanker  0.00016 0.00011 0.00003 0.00003 0.00001 0.00013 0.00050 


Tug  0.00306 0.00214 0.00066 0.00061 0.00013 0.00260 0.00974 


Project 0.01146 0.00802 0.00248 0.00229 0.00050 0.00974 0.03648 


        


 
As with the initial cumulative R-I estimates for fishing vessels, passenger ships, and 
pleasure craft, additional risk probabilities were assumed to begin at zero in 2018, and 
increase linearly to 2028 and then 2038, holding steady thereafter. This results in the 
annual incremental compounded risk of mutual collision across all vessel classes shown 
Tables 24 and 25. 
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Table 24: Incremental Annual Increases in Compound (Vessel-to-Vessel) Collision Probabilities, 2019-
2028 


Vessel 
Class 


Cargo Fishing Passenger Pleasure Tanker Tug Project 


Cargo  0.0001225 0.0001330 0.0000420 0.0000385 0.0000084 0.0001610 0.0005285 


Fishing  0.0001330 0.0001444 0.0000456 0.0000418 0.0000091 0.0001748 0.0005738 


Passenger  0.0000420 0.0000456 0.0000144 0.0000132 0.0000029 0.0000552 0.0001812 


Pleasure  0.0000385 0.0000418 0.0000132 0.0000121 0.0000026 0.0000506 0.0001661 


Tanker  0.0000084 0.0000091 0.0000029 0.0000026 0.0000006 0.0000110 0.0000362 


Tug  0.0001610 0.0001748 0.0000552 0.0000506 0.0000110 0.0002116 0.0006946 


Project 0.0005285 0.0005738 0.0001812 0.0001661 0.0000362 0.0006946 0.0022801 


        


Table 25: Incremental Annual Increases in Compound (Vessel-to-Vessel) Collision Probabilities, 2029-
2068 


Vessel 
Class 


Cargo Fishing Passenger Pleasure Tanker Tug Project 


Cargo  0.0002375 0.0001190 0.0000360 0.0000335 0.0000072 0.0001450 0.0006175 


Fishing  0.0001190 0.0000320 0.0000090 0.0000086 0.0000018 0.0000394 0.0002284 


Passenger  0.0000360 0.0000090 0.0000025 0.0000024 0.0000005 0.0000111 0.0000671 


Pleasure  0.0000335 0.0000086 0.0000024 0.0000023 0.0000005 0.0000106 0.0000631 


Tanker  0.0000072 0.0000018 0.0000005 0.0000005 0.0000001 0.0000022 0.0000134 


Tug  0.0001450 0.0000394 0.0000111 0.0000106 0.0000022 0.0000485 0.0002795 


Project 0.0006175 0.0002284 0.0000671 0.0000631 0.0000134 0.0002795 0.0013680 


        


 
Multiplying the incremental compound R-I rates for each period by the average 
economic impact of a total loss for each vessel class results in total additional annual 
economic risk of $9.5 million for years 2019-2028, and $5.8 million for years 2029-2038 
(see Table 26). The cost of externalities for Proposed Action vessels and passenger 
vessels (the latter scaled to the vessel types present within the study area) have been 
included. While similar externalities could be expected from other vessel types, these 
have not been included here, due to data limitations. Again, the replacement cost of 
Proposed Action vessels has been omitted. 
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Table 26: Annual Economic Risk Increments from Catastrophic Collisions ($2017) 


Vessel 
Class 


Externalities Replacement cost Exposure 2019-2028 2029-2038 


Cargo $234,302,364 $23,330,197 $257,632,561 $297,926 $369,239 


Fishing   $651,658 $651,658 $826 $306 


Passenger  $212,069,312 $35,389,771 $247,459,083 $73,169 $32,442 


Pleasure   $39,614 $39,614 $13 $5 


Tanker  $172,612,150 $27,268,187 $199,880,337 $14,401 $5,181 


Tug   $1,731,345 $1,731,345 $2,719 $1,013 


Project 
Vessels 


$1,350,000,000  $1,350,000,000 $9,099,864 $5,406,777 


   TOTAL $9,488,918 $5,814,963 


      


 
These risks are cumulative, increasing year-over-year, as the Proposed Action ramps up 
to full production in 2038 (and assumed static thereafter). The economic catastrophic R-
I for each year is the running sum of all prior risk, plus the additional incremental risk 
presented in any given year. The cumulative economic risk is the sum of all incremental 
economic risks, or $1.8 billion by 2038, and $1.3 billion at a 2.75% discount rate (see 
Table 27). The cumulative risk at the 50-year mark is $6.4 billion, or $3.1 billion at a 
2.75% discount rate. 


Table 27: Incremental and Cumulative Economic Risk from Catastrophic Collisions by Year, 2019-2068 
($2017) 


 0% discount 2.75% discount 


Year Risk/Year Cumulative Risk Risk/Year Cumulative Risk 


0 2018 $0 $0 $0 $0 


1 2019 $9,488,918 $9,488,918 $9,234,957 $9,234,957 


2 2020 $18,977,836 $28,466,754 $17,975,585 $27,210,541 


3 2021 $28,466,754 $47,444,589 $26,241,729 $44,217,314 


4 2022 $37,955,672 $66,422,425 $34,052,528 $60,294,257 


5 2023 $47,444,589 $85,400,261 $41,426,433 $75,478,961 


6 2024 $56,933,507 $104,378,097 $48,381,236 $89,807,669 


7 2025 $66,422,425 $123,355,933 $54,934,088 $103,315,323 


8 2026 $75,911,343 $142,333,768 $61,101,522 $116,035,610 


9 2027 $85,400,261 $161,311,604 $66,899,477 $128,001,000 


10 2028 $94,889,179 $180,289,440 $72,343,311 $139,242,788 


11 2029 $100,704,142 $195,593,321 $74,721,778 $147,065,089 
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 0% discount 2.75% discount 


Year Risk/Year Cumulative Risk Risk/Year Cumulative Risk 


12 2030 $106,519,104 $207,223,246 $76,921,109 $151,642,887 


13 2031 $112,334,067 $218,853,171 $78,949,191 $155,870,300 


14 2032 $118,149,029 $230,483,096 $80,813,614 $159,762,805 


15 2033 $123,963,992 $242,113,021 $82,521,686 $163,335,301 


16 2034 $129,778,955 $253,742,946 $84,080,441 $166,602,128 


17 2035 $135,593,917 $265,372,872 $85,496,648 $169,577,089 


18 2036 $141,408,880 $277,002,797 $86,776,820 $172,273,468 


19 2037 $147,223,842 $288,632,722 $87,927,225 $174,704,045 


20-50 2038-2068 $153,038,805 $300,262,647 $88,953,892 $176,881,117 


20-YEAR TOTAL $1,790,605,217  $1,259,753,271 


50-YEAR TOTAL $6,381,769,363  $3,061,007,431 


 


7.3.3 Data Limitations 


• Only the base probabilities for collisions were presented in the Navigation Risk Study 
(DNV GL 2016). These rates are assumed to be similar for allisions and groundings, 
though rates for these incident types may well be higher.  


• The MISLE dataset only includes incidents from 2000-2014. Incidents before or after 
that period have not been considered. As a result, incidents resulting in total or 
partial loss of cargo vessels, passenger ships, and/or tankers are likely 
undercounted. 


• Limited public access to the MISLE dataset has meant that vessel incidents leading to 
partial loss result in an estimate of 50% of replacement cost. This also omits other 
factors such as liability, environmental cleanup, and remediation. 


• These estimates do not include the following loss categories: foundered, stranded, 
fire/explosions, or machinery damage. All of these could have substantial impacts to 
external parties, including loss of life and damage to ecosystems and related 
impacts, such as property values (Butt, et al. 2013).  


7.4 Major Data Sources 


Incident probabilities  
The project-induced probabilities of vessel incidents were drawn from the Navigation 
Risk Study (DNV GL 2016), on which the results presented in Section 5.4 of the FEIS is 
based. 
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Exposure estimates 
Replacement costs for non-project vessels were identified in a range of sources. These 
included: Eggar Forrester 2018 (cargo vessels, passenger vessels, tankers); OceanMarine 
2018 (fishing vessels, tug and tow boats); Haig-Brown 2017 (the Oscar B car ferry 
operated by Waikiakum County); and Craigslist Portland 2018 (recreational power and 
sail boats). 


Catastrophic scenarios 
The catastrophic scenarios were based on the Allianz 2017 Safety and Shipping Review. 
Passenger ship externalities were scaled according to the value of passenger vessels 
operating within the study area, as found in Eggar Forrester 2018. Replacement costs 
for non-project vessels were identified from the sources detailed in the section above. 
Compound (vessel-to-vessel) probabilities were calculated from the project-induced 
probabilities of vessel incidents in the Navigation Risk Study (DNV GL, 2016). 


7.5 Opinions 
The lower Columbia River experiences increasingly heavy shipping traffic. The Proposed 
Action will substantially increase vessel traffic, further “crowding” the river and 
increasing collision risks for all vessels within the study area. The Navigation Risk Study 
by DNV GL provided an accepted standard of data and modeling for estimating shipping 
accident risk which was combined with average vessel replacement costs for each vessel 
class. In addition, catastrophically costly accidents with bulk carrier vessels have 
occurred and are on the rise globally. A probabilistic catastrophic cost scenario was 
developed based on the interactions between the individual collision probabilities 
between each vessel class and based on the Navigation Risk Study. This provided annual 
and cumulative risk exposure in dollar estimates across twenty years. 
 
The estimated additional cumulative damage for total-loss damage only, with increased 
vessel traffic on the Columbia River due to the Proposed Action, is $606,197 at a 
discount rate of zero, and $434,284 at a 2.75% discount rate at 20 years. Incidents 
leading to partial damages are more likely, and those were calculated with partial-loss 
damages assumed at 50% of vessel replacement costs. These calculations cause impacts 
to increase to $63,147,621 at a discount rate of zero, and $32,398,812 at a 2.75% 
discount rate.  
 
Combined, the total-loss calculations and partial-loss estimates result in cumulative 
economic impacts of $63,753,818 at a discount rate of 0, and $45,421,495 at a 2.75% 
discount rate at 20 years. To estimate Proposed Action-induced costs after 50 years, the 
year-20 impacts were assumed to remain static for subsequent years and added to the 
cumulative totals. This resulted in an economic R-I of $204.3 million at a discount rate of 
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0, or $100.5 million at a 2.75% discount rate after 50 years. It is worth noting that these 
figures do not include environmental damages or casualties to passengers or crew. 
 
There is also a risk of a catastrophic collision, as described by Allianz Global Corporate 
and Specialty, the international insurance and asset management company based in 
Munich, Germany. They identified potential losses up to $3.8 billion, should two ships 
collide and run aground in an environmentally sensitive area. Applying this basic 
framework to collision rates attributable to the Proposed Action along the Lower 
Columbia River produces compound probabilities resulting in an estimate of $1.8 billion 
across 20 years at a discount rate of 0, and $1.3 billion at a 2.75% discount rate. As with 
the initial R-I estimates, the compound incident rates were assumed static for years 21-
50 for the 50-year catastrophic incident projection, which resulted in a cumulative R-I of 
$6.4 billion at a discount rate of 0, and $3.1 billion when discounted at 2.75%. 
 
Opinion 1: Cost of Vessel Accidents 
It is my opinion that the cost of total-loss and partial-losses due to Proposed Action 
increased shipping accidents at $100 million at a 2.75% discount rate or $204 million at 
a zero-discount rate. These are underestimates of the most likely damages under the 
Proposed Action because conservative estimates were used to calculate partial-loss 
damages and damages to the environment and human health and safety were not 
included. 
 
Opinion 2: Cost of Vessel Accidents 
It is my opinion that the risk of a catastrophic collision presents a cost across 50 years of 
$3.1 billion discounted at 2.75% or $6.4 billion at a zero-discount rate.  
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7.7 Appendix A: Additional Catastrophic Scenario: Oil Spills 
Another approach to calculate the risk posed exclusively by an oil spill following a 
catastrophic incident involving vessels known to be active in the study area (Cowlitz 
County and Ecology, 2017) is to multiply the maximum compensation specified under 
Washington state law ($300 per gallon, per WAC 173-183-320) by NOAA oil spill volume 
estimates (NOAA, 2016). 
 
Taking the maximum spill estimates by vessel class, this results in possible oil spill 
damages of $360,000 to $600 million. The Proposed Action vessels present a 
catastrophic risk of $240 million (see Table 28). 
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Table 28: Oil Spill Cost Estimates 


Unit Costs (WAC 2013) Vessel Class Max spill (gal) Spill Cost ($2017) 


$300/gallon 


Cargo/Carrier 800,000 $240,000,000 


Passenger 2,000,000 $600,000,000 


Pleasure 1,200 $360,000 


Tanker 1,200,000 $360,000,000 


Tug 190,000 $57,000,000 


For maximum spill volumes, see NOAA, 2016. How Much Oil Is on That Ship? NOAA Office of Response and 
Restoration. URL https://response.restoration.noaa.gov/about/media/how-much-oil-ship.html (accessed 11.5.18). 
Oil spill compensation costs per WAC 173-183-320. Oil Spill Natural Resource Damage Assessment, Compensation 
schedule. Washington Administrative Code (WAC). 
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8 Rail Safety Impacts and Costs Resulting 
from Increased Train Volume across Washington State 


8.1 Introduction 
Every year, accidents cause damage to tracks, equipment, and other rail infrastructure. 
Increasing train volume creates additional opportunity for accidents, thereby increasing 
the frequency of accident occurrence. The impact of accidents is reflected in the 
economic cost burden to rail operators in removal and repair of damaged rail tracks, 
equipment, and other infrastructure. Rail accidents can also cause delays and have 
additional adverse impacts on rail operators and companies moving freight by rail.  
 
People are also injured and killed in railroad accidents. The Federal Railroad 
Administration Office of Safety Analysis Database recorded 754 fatalities in the U.S. 
caused by railroad/equipment strikes, highway-rail collision/impacts in 2017 (FRA, 
2018b). There were also 9,575 U.S. reported train-related injuries in 2017 (FRA, 2018b). 
In 2017 in Washington State, there were 316 reported train-related injuries, of which 35 
were fatal (FRA, 2018b). 
 
Every year in Washington State, people are hit by trains. Some fatalities are caused by 
collisions in at-grade railroad crossings involving either passengers in motor vehicles or 
pedestrians. Other fatalities along the rail line occur from individuals crossing the tracks 
outside of designated crossings. This loss of life has wide-ranging impacts and can be 
valued based on the federally adopted statistical value of a life. Increased train traffic 
creates additional opportunities for people to be struck by trains (Savage, 2007; Oh et 
al., 2006). The Proposed Action increases train volume across Washington State, thus 
increasing opportunities for individuals to be fatally struck by Proposed Action trains.  


 
This chapter focuses on two aspects of rail safety: 1.) rail accidents - collisions or 
incidents causing damage to train or track infrastructure and 2.) rail fatalities - accidents 
that result in loss of life. Rail accidents are recorded at a rate per million rail miles, the 
miles of track multiplied by the number of trains covering that segment of track. 
Therefore, increasing the annual rail miles leads to additional accidents throughout the 
assessment period (Cowlitz County and Ecology, 2017a). Additional accidents related to 
the Proposed Action are multiplied by the 5-year average of Washington State rail 
accident equipment and track costs reported to the Federal Railroad Administration 
(FRA) to generate the impact of rail accidents (FRA, 2018a). 
 
This analysis assumes that the current rate of fatalities per million rail miles will 
continue into the future. As a result, the portion of annual fatalities occurring as a result 
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of strikes by Proposed Action trains is calculated based on the current fatality rate per 
million rail miles. FRA reported fatalities per year along the proposed transport route 
are used along with current (2015) rail volume to derive a rate of rail fatality per million 
rail miles. Scaling this to Proposed Action levels of rail miles across the assessment 
period enables a calculation of impacts resulting from loss of life, based on the statistical 
value of a life adopted by the U.S. Department of Transportation (USDOT, 2016). 


8.2 Methods 
To quantify the marginal impact of Proposed Action train volume, accident rates per rail 
segment were derived on a per-unit (train) annual basis using the 2028 full operations 
accidents rates reported in the Millennium Bulk Terminals-Longview SEPA 
Environmental Impact Statement Rail Safety Technical Report Table 6 (Cowlitz County 
and Ecology, 2017a). These annual accident frequencies were then scaled to reflect the 
total increased train volume due to the Proposed Action for each assessment year. Two 
types of rail safety impacts are considered – rail accidents causing damage to property 
and fatalities resulting from rail operations (at-grade collisions with vehicles as well as 
trespassing fatalities). Rail accident impacts are based on the increased accident 
frequency resulting from Proposed Action train miles and Federal Railroad 
Administration reported average damage per accident. Fatality impacts are based on 
the current rate of fatality along the Proposed Action transport route, the Proposed 
Action train volume, and the U. S. Department of Transportation value of a statistical 
life. 


8.2.1 Definitions and Assumptions 
 
Rail Accident 
The Millennium Bulk Terminals-Longview SEPA Environmental Impact Statement Rail 
Safety Technical Report adopts the Federal Railroad Administration’s definition of a rail 
accident as “Collisions, derailments, fires, explosions, acts of God, or other events 
involving the operation of railroad on-track equipment (standing or moving) and causing 
reportable damages greater than the reporting threshold for the year in which the 
accident/incident occurred.” (Cowlitz County and Ecology, 2017a, pg. 5.2-2). 


Rail Fatality 
Rail fatalities are deaths caused by train strikes. This analysis uses FRA reported 
fatalities, including both at-grade crossing fatalities as well as trespassing fatalities (FRA, 
2018c). 
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Impacted Rail Segments 
Following the layout of the Millennium Bulk Terminals-Longview SEPA Final 
Environmental Impact Statement Rail Safety Technical Report (Cowlitz County and 
Ecology, 2017a), this analysis is divided among rail segments for the Proposed Action 
transport route across Washington State. Segments are defined based on train 
direction. As a result, several segments cover the same track area (e.g. The 
Idaho/Washington State Line – Spokane Segment represents loaded trains headed west 
to the project terminal while the Spokane – Idaho/Washington State Line Segment 
represents empty trains headed east back to the coal basin). These routes would all 
experience an additional 8 trains per day at full operations, but as stated above, several 
segments cover the same length of track. Each segment is treated separately in this 
analysis, overlapping segments are analyzed separately based on train direction. 
Segments used in this analysis with full operations train volume are summarized in Table 
1 below. 


Table 1. Inbound and Outbound Rail Segments 


 


Proposed Action Train Volumes by Year  
Based on the breakdown laid out in Table 2-4 of the Millennium Bulk Terminals-
Longview SEPA Final Environmental Impact Statement (Cowlitz County and Ecology, 


Segment
Length 


(Miles)


2028 Proposed Action 


Daily Trains


Loaded Trains (Inbound Route)


Idaho/Washington State Line‒Spokane 18.6 8


Spokane‒Pasco 145.5 8


Pasco–Vancouver 221.4 8


Vancouver‒Longview Junction 34.8 8


Longview Junction‒LVSW (BNSF Spur) 2.1 8


LVSW Yard‒Project Area (Reynolds Lead) 5 8


Empty Trains (Outbound Route)


Project area‒LVSW Yard (Reynolds Lead) 5 8


LVSW Yard‒Longview Junction (BNSF Spur) 2.1 8


Longview Junction‒Auburn 118.6 8


Auburn‒Yakima 139.6 8


Yakima‒Pasco 89.4 8


Pasco‒Spokane 145.5 8


Spokane‒Idaho/Washington State Line 18.6 8
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2017b, pg. 2-24), the annual train operations volume is detailed in Table 2 for each 
impact year.  


Table 2. Trains per Day Over Assessment Period 


 


Spatial Distribution of Train Volumes – Full Operations  
Based on the proposed train route in Washington State, different rail segments will 
experience different levels of increased train volume dependent on location along the 
transport route (see Figure 1). While train volume at full operations does equal 16 trains 
per day, most portions of the rail transport route will see an increase of 8 trains, as 8 
loaded trains per day would deliver coal from the Powder River Basin and Uinta Basin to 
the export terminal and 8 empty trains would depart from the export terminal (Cowlitz 
County and Ecology, 2017c, Table 10 and Figures 5, 6, and 7). BNSF trains would follow 
an inbound route along the Columbia River with empty outbound trains crossing 
Stampede Pass headed East. 
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Operations Phase
Trains Per Day 


(Loaded and Empty)


1 2019 Stage 1a 2


2 2020 Stage 1a 4


3 2021 Stage 1b 10


4 2022 Stage 1b 10


5 2023 Stage 1b 10


6 2024 Stage 2 = Full Operations 16


7 2025 Stage 2 = Full Operations 16


8 2026 Stage 2 = Full Operations 16


9 2027 Stage 2 = Full Operations 16


10 - 50 2028 - 2068 Stage 2 = Full Operations 16


Source: Volume 1 Ch.2 Table 2-4


Year
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Figure 1. Full Operations Train Volume 


 


8.2.2 Analysis 
 
Rail Accident – Occurrence  
The Millennium Bulk Terminals-Longview SEPA Final Environmental Impact Statement 
Rail Safety Technical Report presents the expected annual increase in rail accidents at 
full operations (2028) across all impacted rail segments (Cowlitz County and Ecology, 
2017a, Table 6). This rate of accidents per million miles of train was used to derive the 
marginal increase in accidents due to one Proposed Action train. Increased accidents per 
train were then scaled for each assessment year based on the number of Proposed 
Action trains operating in that year. 


Rail Accident - Impact 
The impact of increased rail accidents was calculated based on FRA reported costs of 
accidents in Washington State (FRA, 2018). Cost-per-accident data from 5 years (2013 – 
2017) was collected and converted to 2017 dollars. The average cost across all 2013 – 
2017 accidents was used as the input value to derive annual and cumulative costs 
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associated with increases in rail accidents along the transport route as a result of the 
Proposed Action. 


Rail Fatality - Occurrence 
Locations of Federal Railroad Administration (FRA) reported fatalities for 2013 – 2017 
were overlaid with the Proposed Action rail transport route to identify fatalities 
occurring along impacted rail segments (Figure 2). 2015 daily train volume reported in 
the Millennium Bulk Terminals-Longview SEPA Final Environmental Impact Statement 
Rail Safety Technical Report was used to derive fatalities per million train miles (Cowlitz 
County and Ecology, 2017a, Figure 5, pg. 2-15). 
 
The fatality rate per million train miles derived from FRA fatalities and 2015 daily train 
volume was used to determine the estimated annual fatalities due to one Proposed 
Action train, given the known annual train miles for a train travelling along the proposed 
transport route (Table 1). Using this per-train, annual fatality rate, the predicted 
fatalities due to Proposed Action trains was scaled for each assessment year by 
multiplying the fatalities per train by the number of Proposed Action trains operating in 
that year. 


Rail Fatality - Impact 
For this analysis, the impact of rail fatalities was based on the value of a statistical life, 
$10.01 million (USDOT, 2016). 
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Figure 2. Rail Fatalities Along Proposed Transport Route 


 


8.2.3 Data Limitations 


• Rail accident costs could be further broken down to reflect average costs along each 
rail segment. The variation in accident types and small sample size of accidents along 
some rail segments did not facilitate this level of detail. 


• The cost of rail accidents does not include additional delays incurred along the rail 
lines as a result of necessary cleanup or repair after an accident. 


• This analysis focuses on rail fatalities, but additional, non-fatal injuries are incurred 
by both workers and the public along rail lines. This represents an additional impact 
not assessed in this analysis. 


• Specific events can have a much greater severity. Recent accidents in the Pacific 
Northwest demonstrate the potential extreme damages from rail accidents. 
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8.3 Results 


8.3.1 Methods Applied 
 
Rail Accident - Occurrence 
Table 3 below outlines the derivation of per-train annual accidents due to project 
activities, totaling 1.425 accidents per year across all rail segments. Using this per-train, 
annual accident rate, Table 4 outlines the number of accidents predicted due to the 
Proposed Action in each assessment year, based on the number of operations-related 
trains. 


Table 3. Per Train Annual Rail Accidents by Segment 
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Segment
Length 


(Miles)


Proposed Action 


Annual Train 


Accidents 2028


2028 Proposed 


Action Trains 


Per Day


Increased Accidents 


Resulting From 1 


Additional Train


Loaded Trains (Inbound Route)


Idaho/Washington State Line‒Spokane 18.6 0.22 8 0.028


Spokane‒Pasco 145.5 1.70 8 0.213


Pasco–Vancouver 221.4 2.59 8 0.324


Vancouver‒Longview Junction 34.8 0.41 8 0.051


Longview Junction‒LVSW (BNSF Spur) 2.1 0.07 8 0.009


LVSW Yard‒Project Area (Reynolds Lead) 5.0 0.18 8 0.023


Empty Trains (Outbound Route)


Project area‒LVSW Yard (Reynolds Lead) 5.0 0.18 8 0.023


LVSW Yard‒Longview Junction (BNSF Spur) 2.1 0.07 8 0.009


Longview Junction‒Auburn 118.6 1.39 8 0.174


Auburn‒Yakima 139.6 1.63 8 0.204


Yakima‒Pasco 89.4 1.04 8 0.130


Pasco‒Spokane 145.5 1.70 8 0.213


Spokane‒Idaho/Washington State Line 18.6 0.22 8 0.028


All Segments 946.2 11.40 1.425


Source: MBTL SEPA Rail Safety Technical Report Table 6
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Table 4. Proposed Action Related Accidents per Year 


 
 


Rail Accident – Impact 
An average cost per accident of $543,000 ($2017) was calculated based on 70 mainline 
rail accidents occurring in Washington State with reported damages, summarized in 
Table 5. Based on the rail accidents per year resulting from Proposed Action train 
volume increase (Table 4), annual and cumulative costs are displayed in Table 6 – annual 
accidents multiplied by the average cost per accident (Table 5). 


Table 5. Average Washington State Mainline Cost Per Accident


 


 


1 2019 1 1.425


2 2020 2 2.850


3 2021 5 7.125


4 2022 5 7.125


5 2023 5 7.125


6 2024 8 11.40


7 2025 8 11.40


8 2026 8 11.40


9 2027 8 11.40


10 - 50 2028 - 2068 8 11.40


Note: Trains per day corresponds to volume along each rail segment


identified in Table 3, where several segments cover the same track.


Year


Annual Accidents 


From Proposed 


Action Trains


Trains Per Day


Year


Number of Mainline 


Accidents in WA State 


Reporting Damage


Average Per-Accident 


Cost ($2017)


2013 8


2014 16


2015 13


2016 14


2017 19


Source: FRA Accident Database 2013 - 2017


$543,000
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Table 6. Annual and Cumulative Rail Accident Impact for All Rail Segments by Year 


Year 
Annual Impact Annual Impact Cumulative Impact Cumulative Impact 


(0% Discount) (2.75% Discount) (0% Discount) (2.75% Discount) 


1 2019  $                     774,000   $                     753,000   $                     774,000   $                     753,000  


2 2020  $                  1,548,000   $                  1,466,000   $                  2,322,000   $                  2,219,000  


3 2021  $                  3,871,000   $                  3,568,000   $                  6,193,000   $                  5,787,000  


4 2022  $                  3,871,000   $                  3,473,000   $               10,064,000   $                  9,260,000  


5 2023  $                  3,871,000   $                  3,380,000   $               13,935,000   $               12,640,000  


6 2024  $                  6,193,000   $                  5,263,000   $               20,128,000   $               17,903,000  


7 2025  $                  6,193,000   $                  5,122,000   $               26,321,000   $               23,025,000  


8 2026  $                  6,193,000   $                  4,985,000   $               32,514,000   $               28,010,000  


9 2027  $                  6,193,000   $                  4,851,000   $               38,707,000   $               32,861,000  


10 2028  $                  6,193,000   $                  4,722,000   $               44,900,000   $               37,583,000  


11 2029  $                  6,193,000   $                  4,595,000   $               51,093,000   $               42,178,000  


12 2030  $                  6,193,000   $                  4,472,000   $               57,286,000   $               46,650,000  


13 2031  $                  6,193,000   $                  4,352,000   $               63,479,000   $               51,002,000  


14 2032  $                  6,193,000   $                  4,236,000   $               69,672,000   $               55,238,000  


15 2033  $                  6,193,000   $                  4,123,000   $               75,865,000   $               59,361,000  


16 2034  $                  6,193,000   $                  4,012,000   $               82,058,000   $               63,373,000  


17 2035  $                  6,193,000   $                  3,905,000   $               88,251,000   $               67,278,000  


18 2036  $                  6,193,000   $                  3,800,000   $               94,444,000   $               71,078,000  


19 2037  $                  6,193,000   $                  3,699,000   $             100,637,000   $               74,777,000  


20 2038  $                  6,193,000   $                  3,600,000   $             106,830,000   $               78,377,000  


21 2039  $                  6,193,000   $                  3,503,000   $             113,023,000   $               81,880,000  


22 2040  $                  6,193,000   $                  3,410,000   $             119,216,000   $               85,290,000  


23 2041  $                  6,193,000   $                  3,318,000   $             125,409,000   $               88,608,000  


24 2042  $                  6,193,000   $                  3,230,000   $             131,602,000   $               91,838,000  


25 2043  $                  6,193,000   $                  3,143,000   $             137,795,000   $               94,981,000  


26 2044  $                  6,193,000   $                  3,059,000   $             143,988,000   $               98,040,000  


27 2045  $                  6,193,000   $                  2,977,000   $             150,181,000   $             101,017,000  


28 2046  $                  6,193,000   $                  2,897,000   $             156,374,000   $             103,914,000  


29 2047  $                  6,193,000   $                  2,820,000   $             162,567,000   $             106,734,000  


30 2048  $                  6,193,000   $                  2,744,000   $             168,760,000   $             109,478,000  


31 2049  $                  6,193,000   $                  2,671,000   $             174,953,000   $             112,149,000  


32 2050  $                  6,193,000   $                  2,599,000   $             181,146,000   $             114,748,000  


33 2051  $                  6,193,000   $                  2,530,000   $             187,339,000   $             117,278,000  


34 2052  $                  6,193,000   $                  2,462,000   $             193,532,000   $             119,740,000  


35 2053  $                  6,193,000   $                  2,396,000   $             199,725,000   $             122,136,000  


36 2054  $                  6,193,000   $                  2,332,000   $             205,918,000   $             124,468,000  
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Year 
Annual Impact Annual Impact Cumulative Impact Cumulative Impact 


(0% Discount) (2.75% Discount) (0% Discount) (2.75% Discount) 


37 2055  $                  6,193,000   $                  2,270,000   $             212,111,000   $             126,738,000  


38 2056  $                  6,193,000   $                  2,209,000   $             218,304,000   $             128,947,000  


39 2057  $                  6,193,000   $                  2,150,000   $             224,497,000   $             131,097,000  


40 2058  $                  6,193,000   $                  2,092,000   $             230,690,000   $             133,189,000  


41 2059  $                  6,193,000   $                  2,036,000   $             236,883,000   $             135,225,000  


42 2060  $                  6,193,000   $                  1,982,000   $             243,076,000   $             137,207,000  


43 2061  $                  6,193,000   $                  1,929,000   $             249,269,000   $             139,136,000  


44 2062  $                  6,193,000   $                  1,877,000   $             255,462,000   $             141,013,000  


45 2063  $                  6,193,000   $                  1,827,000   $             261,655,000   $             142,840,000  


46 2064  $                  6,193,000   $                  1,778,000   $             267,848,000   $             144,618,000  


47 2065  $                  6,193,000   $                  1,730,000   $             274,041,000   $             146,348,000  


48 2066  $                  6,193,000   $                  1,684,000   $             280,234,000   $             148,032,000  


49 2067  $                  6,193,000   $                  1,639,000   $             286,427,000   $             149,671,000  


50 2068  $                  6,193,000   $                  1,595,000   $             292,620,000   $             151,266,000  


 


Rail Fatality – Occurrence 
Table 7 below outlines the derivation of per-train, annual fatalities due to Proposed 
Action activities, totaling 0.39 fatalities per year across all rail segments. Using this per-
train, annual fatality rate, Table 8 displays the number of fatalities due to the Proposed 
Action in each assessment year, based on the number of operations-related trains. 
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Table 7. Per-Train Annual Rail Fatalities by Segment 


 


 
Table 8 Shows the number of trains per rail segment and expected fatalities each year 
under the Proposed Action.  


Table 8. Proposed Action Related Fatalities Per Year 


Year 
Trains 
Per Day 


Annual Fatalities From 
Proposed Action Trains 


1 2019 1 0.39 


2 2020 2 0.78 


3 2021 5 1.95 


4 2022 5 1.95 


5 2023 5 1.95 


6 2024 8 3.12 


7 2025 8 3.12 


8 2026 8 3.12 


9 2027 8 3.12 


10 2028 8 3.12 


Segment
Length 


(Miles)


Annual Train Miles 


Resulting From 1 


Additional Train


Fatalities Per 


Million Miles of 


Train


Annual Fatalities 


Resulting From 1 


Additional Train


Loaded Trains (Inbound Route)


Idaho/Washington State Line‒Spokane 18.6 6,789                              0.8 0.01


Spokane‒Pasco 145.5 53,108                           0.3 0.02


Pasco–Vancouver 221.4 80,811                           0.7 0.05


Vancouver‒Longview Junction 34.8 12,702                           0.9 0.01


Longview Junction‒LVSW (BNSF Spur) 2.1 767                                 0.0 0.00


LVSW Yard‒Project Area (Reynolds Lead) 5.0 1,825                              0.0 0.00


Empty Trains (Outbound Route)


Project area‒LVSW Yard (Reynolds Lead) 5.0 1,825                              0.00 0.00


LVSW Yard‒Longview Junction (BNSF Spur) 2.1 767                                 0.00 0.00


Longview Junction‒Auburn 118.6 43,289                           3.23 0.14


Auburn‒Yakima 139.6 50,954                           0.56 0.03


Yakima‒Pasco 89.4 32,631                           3.50 0.11


Pasco‒Spokane 145.5 53,108                           0.29 0.02


Spokane‒Idaho/Washington State Line 18.6 6,789                              0.84 0.01


All Segments 946.2 345,363                        0.39


Sources: FRA; MBTL SEPA Rail Safety Technical Report Table 6
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Year 
Trains 
Per Day 


Annual Fatalities From 
Proposed Action Trains 


11 2029 8 3.12 


12 2030 8 3.12 


13 2031 8 3.121 


14 2032 8 3.12 


15 2033 8 3.12 


16 2034 8 3.12 


17 2035 8 3.12 


18 2036 8 3.12 


19 2037 8 3.12 


20 2038 8 3.12 


21 2039 8 3.12 


22 2040 8 3.12 


23 2041 8 3.12 


24 2042 8 3.12 


25 2043 8 3.12 


26 2044 8 3.12 


27 2045 8 3.12 


28 2046 8 3.12 


29 2047 8 3.12 


30 2048 8 3.12 


31 2049 8 3.12 


32 2050 8 3.12 


33 2051 8 3.12 


34 2052 8 3.12 


35 2053 8 3.12 


36 2054 8 3.12 


37 2055 8 3.12 


38 2056 8 3.12 


39 2057 8 3.12 


40 2058 8 3.12 


41 2059 8 3.12 


42 2060 8 3.12 


43 2061 8 3.12 


44 2062 8 3.12 


45 2063 8 3.12 


46 2064 8 3.12 


47 2065 8 3.12 


48 2066 8 3.12 
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Year 
Trains 
Per Day 


Annual Fatalities From 
Proposed Action Trains 


49 2067 8 3.12 


50 2068 8 3.12 


Total Fatalities   147.42 


Note: Trains per day corresponds to volume along each rail segment 
identified in Table 7, where several segments cover the same track. 


 


Rail Fatality – Impact 
Based on the rail fatalities per year summarized in Table 8, annual and cumulative costs 
are displayed in Table 9 – annual estimated fatalities due to proposed train volume 
increases multiplied by the value of a statistical life, $10.01 million ($2017) (USDOT, 
2016). 


Table 9. Annual and Cumulative Rail Fatality Impact for All Rail Segments by Year 


Year 
Annual Impact Annual Impact Cumulative Impact Cumulative Impact 


(0% Discount) (2.75% Discount) (0% Discount) (2.75% Discount) 


1 2019  $                  3,904,000   $                  3,800,000   $                  3,904,000   $                  3,800,000  


2 2020  $                  7,808,000   $                  7,396,000   $               11,712,000   $               11,196,000  


3 2021  $               19,519,000   $               17,993,000   $               31,231,000   $               29,189,000  


4 2022  $               19,519,000   $               17,512,000   $               50,750,000   $               46,701,000  


5 2023  $               19,519,000   $               17,043,000   $               70,269,000   $               63,744,000  


6 2024  $               31,231,000   $               26,540,000   $             101,500,000   $               90,284,000  


7 2025  $               31,231,000   $               25,829,000   $             132,731,000   $             116,113,000  


8 2026  $               31,231,000   $               25,138,000   $             163,962,000   $             141,251,000  


9 2027  $               31,231,000   $               24,465,000   $             195,193,000   $             165,716,000  


10 2028  $               31,231,000   $               23,810,000   $             226,424,000   $             189,526,000  


11 2029  $               31,231,000   $               23,173,000   $             257,655,000   $             212,699,000  


12 2030  $               31,231,000   $               22,553,000   $             288,886,000   $             235,252,000  


13 2031  $               31,231,000   $               21,949,000   $             320,117,000   $             257,201,000  


14 2032  $               31,231,000   $               21,362,000   $             351,348,000   $             278,563,000  


15 2033  $               31,231,000   $               20,790,000   $             382,579,000   $             299,353,000  


16 2034  $               31,231,000   $               20,234,000   $             413,810,000   $             319,587,000  


17 2035  $               31,231,000   $               19,692,000   $             445,041,000   $             339,279,000  


18 2036  $               31,231,000   $               19,165,000   $             476,272,000   $             358,444,000  


19 2037  $               31,231,000   $               18,652,000   $             507,503,000   $             377,096,000  


20 2038  $               31,231,000   $               18,153,000   $             538,734,000   $             395,249,000  


21 2039  $               31,231,000   $               17,667,000   $             569,965,000   $             412,916,000  


22 2040  $               31,231,000   $               17,194,000   $             601,196,000   $             430,110,000  
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Year 
Annual Impact Annual Impact Cumulative Impact Cumulative Impact 


(0% Discount) (2.75% Discount) (0% Discount) (2.75% Discount) 


23 2041  $               31,231,000   $               16,734,000   $             632,427,000   $             446,844,000  


24 2042  $               31,231,000   $               16,286,000   $             663,658,000   $             463,130,000  


25 2043  $               31,231,000   $               15,850,000   $             694,889,000   $             478,980,000  


26 2044  $               31,231,000   $               15,426,000   $             726,120,000   $             494,406,000  


27 2045  $               31,231,000   $               15,013,000   $             757,351,000   $             509,419,000  


28 2046  $               31,231,000   $               14,611,000   $             788,582,000   $             524,030,000  


29 2047  $               31,231,000   $               14,220,000   $             819,813,000   $             538,250,000  


30 2048  $               31,231,000   $               13,840,000   $             851,044,000   $             552,090,000  


31 2049  $               31,231,000   $               13,469,000   $             882,275,000   $             565,559,000  


32 2050  $               31,231,000   $               13,109,000   $             913,506,000   $             578,668,000  


33 2051  $               31,231,000   $               12,758,000   $             944,737,000   $             591,426,000  


34 2052  $               31,231,000   $               12,417,000   $             975,968,000   $             603,843,000  


35 2053  $               31,231,000   $               12,084,000   $          1,007,199,000   $             615,927,000  


36 2054  $               31,231,000   $               11,761,000   $          1,038,430,000   $             627,688,000  


37 2055  $               31,231,000   $               11,446,000   $          1,069,661,000   $             639,134,000  


38 2056  $               31,231,000   $               11,140,000   $          1,100,892,000   $             650,274,000  


39 2057  $               31,231,000   $               10,842,000   $          1,132,123,000   $             661,116,000  


40 2058  $               31,231,000   $               10,551,000   $          1,163,354,000   $             671,667,000  


41 2059  $               31,231,000   $               10,269,000   $          1,194,585,000   $             681,936,000  


42 2060  $               31,231,000   $                  9,994,000   $          1,225,816,000   $             691,930,000  


43 2061  $               31,231,000   $                  9,727,000   $          1,257,047,000   $             701,657,000  


44 2062  $               31,231,000   $                  9,466,000   $          1,288,278,000   $             711,123,000  


45 2063  $               31,231,000   $                  9,213,000   $          1,319,509,000   $             720,336,000  


46 2064  $               31,231,000   $                  8,966,000   $          1,350,740,000   $             729,302,000  


47 2065  $               31,231,000   $                  8,726,000   $          1,381,971,000   $             738,028,000  


48 2066  $               31,231,000   $                  8,493,000   $          1,413,202,000   $             746,521,000  


49 2067  $               31,231,000   $                  8,266,000   $          1,444,433,000   $             754,787,000  


50 2068  $               31,231,000   $                  8,044,000   $          1,475,664,000   $             762,831,000  


 


8.3.2 Final Results and Short Discussion 
The impact of increased rail-accident-related costs due to increases in rail volume 
ranges from $151 million to $293 million across a 50-year impact period. The impact of 
fatalities due to the Proposed Action increases in rail volume ranges from $763 million 
to $1.48 billion across a 50-year impact period. In total, 147 fatalities are expected to 
occur along the proposed transport route from strikes with Proposed Action rail activity 
over the assessment period. 
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Table 10. Results Summary 


 


8.4 Primary Data Sources 


• Millennium Bulk Terminals-Longview SEPA Environmental Impact Statement. SEPA 
Rail Safety Technical Report (Cowlitz County and Ecology, 2017a). 


• Millennium Bulk Terminals-Longview SEPA Environmental Impact Statement. SEPA 
Rail Transportation Technical Report (Cowlitz County and Ecology, 2017c). 


• Federal Railroad Administration Incident Database, Reported Accident Damage and 
Fatalities (FRA, 2018). 


• U.S. Department of Transportation, Value of a Statistical Life (USDOT, 2016). 


• Additional sources in reference section below. 


8.5 Opinions 
Increased train volumes provide more opportunities for accidents to occur along a rail 
line. Rail accidents involving infrastructure – such as derailments, collisions, or fires – 
cause substantial economic costs to rail operators for removals and repairs. Increased 
trains also lead to more injuries and deaths as trains strike people on railroad tracks or 
have collisions with vehicles at road crossings. Whereas accidents involving injuries are 
difficult to estimate a damage cost for, because of the diversity of injuries, The Federal 
Transportation Administration utilizes a set value for calculating the cost of fatalities. 
 
The marginal impact of increased train volumes across the proposed transport route 
was calculated on an annual basis to derive total increases in expected rail accidents and 
fatalities. Both impacts were based on current Federal Railroad Administration statistics 
of reported accidents and fatalities as well as current track infrastructure.  
  


0.00% 2.75%


20 Year Impact (2019 - 2038)


Rail Accidents 106,830,000$           78,377,000$             


Rail Fatalities 538,734,000$           395,249,000$           


Total 645,564,000$           473,626,000$           


50 Year Impact (2019 - 2068)


Rail Accidents 292,620,000$           151,266,000$           


Rail Fatalities 1,475,664,000$        762,831,000$           


Total 1,768,284,000$        914,097,000$           


Discount Rate
Total Impact
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The estimates of rail accident impacts are an underestimate of the true damages, as rail 
operators incur costs beyond the physical replacement costs of damaged infrastructure. 
For example, emergency response costs, legal costs, delay to other freight on the 
impacted rail line, environmental damages, and clean-up costs have not been included 
in this estimate.   
 
The estimates of rail fatality impacts are also an underestimate of the true damages, 
and do not account for the distribution of fatalities across the state – where some 
communities will be chronically impacted by fatalities at a higher rate than in other 
areas. In addition, this analysis does not include the cost of rail strikes in which people 
are injured but not killed, or the costs to families, businesses, and communities when 
people are killed or injured.  
 
Opinion 1: Rail Safety Impacts 
It is my opinion that the economic damage caused by rail accidents with the increased 
rail traffic due to the Proposed Action is estimated to exceed $293 million over the 50-
year life of the project. 
 
Opinion 2: Rail Safety Impacts 
It is my opinion that the increased train traffic associated with the Proposed Action will 
result in more than 147 deaths over 50 years and cause greater than $1.5 billion in 
damages, or more than $31 million per year at full operation, as a result of these 
fatalities. 
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9 Economic Costs to Low-Income Populations  


9.1 Introduction 
Chapters 1 – 8 of this report quantified the impacts of the Proposed Action across 
different impact areas. The purpose of this chapter is to revisit these impacts, and to 
recognize that these impacts will not be felt uniformly by everyone living in the area 
affected by the Proposed Action. Drawing on the findings of selected prior chapters, this 
chapter calls attention to the ways in which these impact categories are experienced 
disproportionally by low-income populations and quantifies these distributional effects. 
Section 3.2 of the FEIS (Cowlitz County and Ecology, 2017a) for this project identifies 
three impact categories in particular of which the resulting burdens will be borne 
disproportionally by these underserved groups: impacts from noise and vibration, 
vehicle delays, and health impacts resulting from increased air pollution. 
 
There is a growing body of literature connecting health, race, socioeconomic status, and 
air pollution. Studies summarized by O’Neill, Jerrett, and Kawachi et al. (2013) confirm 
the importance of exploring these differential impacts. Additionally, Neidell (2014) finds 
that “…the effect of pollution is greater for children of lower socio-economic status 
(SES), indicating that pollution is one potential mechanism by which SES affects health.” 
(pp. 1209). The evidence assembled by these studies makes a strong case for the 
association between race, socioeconomic conditions, and health.  
 
Today, accounting for these distributional effects is standard practice. Federal 
agencies—including the EPA and the USACE--recommend assessing distributional 
impacts in publicly-funded projects. The EPA specifically recommends the assessment of 
disproportionate impacts on minority and low-income populations (USEPA, 2000).1  
Economists study distributional effects through the concept of marginal utility of 
income. The premise behind this utility curve is simple: a single dollar does not provide 
the same value to all individuals (Fleurbaey and Abi-Rafeh, 2016). For example, a 
wealthy person will not value $100 dollars the same way a poor person will, because 


                                                      
 
1 Though EPA guidelines recommend accounting for the distributional impacts on both a.) low-income 


groups and b.) minority groups, the analysis presented in this chapter only discusses low-income groups. 
Inherent limitations in the granularity of the data and previously accepted economic frameworks 
prevented developing a methodology that would accurately capture the additional impact experienced by 
minority groups. However, these additional impacts do exist—minority groups account for approximately 
21% of the population experiencing direct effects of the Proposed Action across all impact areas in Cowlitz 
County. 
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that money can be used to meet essential needs (e.g., food, shelter) that a wealthy 
person does not struggle to meet (ibid.).  
 
Accounting for the disparity in how different households value additional income in a 
benefit-cost analysis requires a social welfare function that reflects the relative 
contribution of each person’s utility to social welfare (Loomis, 2010). A social welfare 
curve is valuable for thinking about how to maximize the welfare (i.e., utility) of a 
society in aggregate. There is limited empirical research and guidance on how to treat 
each person’s marginal utility of income for the purpose of reducing inequalities. In 
practice, modeling a social welfare function would require data on the marginal utility of 
income of the population at large, and information about the social welfare function. 
Embedded in the social welfare function is an important policy choice; its shape 
indicates whether a government considers the individual utility curves of all people 
equally, or if it weighs the utility gains (and losses) of society’s poorest members more 
heavily in valuing society’s aggregate welfare. That federal agencies specifically ask for 
accounting of differential impacts shows awareness that disadvantaged populations feel 
the burden of environmental impacts more strongly than other populations. In short, 
federal agencies more heavily weight the experience of disadvantaged groups in making 
policy decisions.  
 
Addressing these equity concerns and incorporating them into benefit-cost analysis is 
often a normative process. However, one place to find empirical measures of the 
distributional weights attributed to different groups is the federal income tax structure 
(Loomis, 2010). By setting lower tax rates for people in lower income brackets and 
higher rates for higher brackets, Congress recognizes the decreasing marginal utility of 
wealth and the disproportionate effects of decreased income on low-income 
populations. Put another way, Congress explicitly weights the net benefits to each 
income group of additional income, and, in doing so, helps to alleviate the burden on 
low-income populations. Drawing upon the methodology laid out by Loomis (2010), this 
chapter uses the tax brackets from the federal tax system to create a weight factor that 
is then used to quantify the additional burden of the Proposed Action impacts 
experienced by low-income populations.  
 
The rationale for creating these weights is based on data that shows the individuals who 
would be impacted by the Proposed Action have different levels of income. Given the 
diminishing marginal utility of income, monetary impacts on people in different income 
brackets are weighted differently. Of all the possible ways to weight benefits and costs, 
income-related weights have the tightest link to the underlying economic theory of 
welfare measurement (Loomis, 2010). Impacts on minority groups were not explicitly 
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weighted by any factor since this approach uses income, solely, as a group 
differentiator. 


9.2 Methods 
This chapter calculates the effect on low-income populations of the three areas of 
impact designated in Section 3.2 of the FEIS (Cowlitz County and Ecology, 2017a). 
Following the methodology developed by Loomis (2010), a cost multiplier for these 
populations is developed. Finally, the cost multiplier is used to generate explicit weights 
that are used to measure the disproportionate burden incurred by low-income 
populations. 


9.3 Analysis 


9.3.1 Area of Impact 
The geography of impacted areas differs by impact type. Noise and vibration from trains 
travel a certain distance; emissions from the terminal and from trains disperse to 
different distances; and delays from vehicles affect neighborhoods differently at each 
crossing. The area of impact for each impact type is described in each corresponding 
chapter of this report (Chapter 4 for Noise and Vibration, Chapter 6 for Vehicle Delays, 
and Chapter 1 for Health Impacts). 
 
In this analysis, these significant areas of impact that disproportionately affect low-
income populations are assessed as they are incurred across the 16 counties in 
Washington State, including Cowlitz County, that are impacted by the Proposed Action 
transport route along the BNSF rail line.  
 
In order to address potential distributional impacts of this project, the first step is to 
identify low-income individuals incurring the impacts. This requires creating the 
parameters under which different groups will be identified and adjusted for. In this case, 
low-income groups are differentiated by income levels via household and individual 
brackets.  
 
Census block groups were used in the FEIS (Cowlitz County and Ecology, 2017a) as the 
geographic unit to identify these groups (income brackets), consistent with Council on 
Environmental Quality (CEQ) guidance. Thresholds were used from the U.S. Department 
of Health and Human Services, Federal Poverty Guidelines, and followed by the FEIS, to 
identify low-income groups. Two separate low-income groups used throughout this 
analysis are identified as follows:  
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Low-income households: This analysis uses the same method to define low-income 
households as the FEIS. In this analysis, low-income households are defined by the 2017 
Federal Poverty Guidelines (ASPE, 2018), which vary by household size. A low-income 
household is defined as any that falls below 200% of the federal poverty line (ibid.). In 
the affected areas of Washington, the average household size can be rounded to two 
persons per household. The poverty line for this size household is equal to $16,240. 
Calculating 200% of the poverty line for this household size yields the low-income 
threshold used for all household-level analysis in this chapter—$35,000—for households 
in the affected areas of Washington. This figure is rounded to fit within the income 
brackets.  


Table 1. Income/household brackets in 16 Washington State counties, 2016 


Existing Household Income Bracket 
Estimated Total 


Households 
Percentage of 
Households 


<10,000 $     10,000 110,447 5.80% 


$     10,001 $     14,999 73,157 3.84% 


$     15,000 $     24,999 153,958 8.09% 


$     25,000 $     34,999 161,050 8.46% 


$     35,000 $     49,999 238,064 12.51%  


$     50,000 $     74,999 345,672 18.16%  


$     75,000 $     99,999 251,397 13.21% 


$   100,000 $   149,999 301,867 15.86% 


$   150,000 $   199,999 130,286 6.85% 


$   200,000 >200,000 137,326 7.22% 
*Source of data: U.S. Census Bureau, Census 2000 and 2010 data and 2009–2011  
 American Community Survey (ACS, 2016). 


 
Low-income individuals: In this analysis, low-income individuals are defined by the 2017 
Federal Poverty Guidelines as any single-member households that fall below 200% of 
the federal poverty line (ASPE, 2018). The poverty line for single-member households is 
equal to $12,060. Calculating 200% of the poverty line for single-member households 
yields the low-income threshold used for all individual-level analysis in this chapter—
$25,000—for individuals in the affected areas of Washington. This figure is rounded to 
fit within the income brackets. 


Table 2. Income/individual brackets in 16 Washington State counties, 2016 


Existing Individual Income Bracket 
Estimated Total 


Population 
Percentage of 


Population 


<$9,999 $9,999 51,389  1.9% 


$10,001 $14,999 94,438 3.5% 


$15,000 $24,999 359,455 13.4% 


$25,000 $34,999 462,503  17.2% 


$35,000 $49,999 566,088  21.0% 
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Existing Individual Income Bracket 
Estimated Total 


Population 
Percentage of 


Population 


$50,000 $64,999 441,517  16.4% 


$65,999 $74,999 183,763  6.8% 


$75,999 $99,999 262,058  9.7% 


$100,000 >$100,000 269,322 10.0% 
*Source of data: U.S. Census Bureau, Census 2000 and 2010 data and 2009–2011 
 American Community Survey (ACS, 2016). 


 
Income brackets per household and per individual within the 16 counties in Washington 
State impacted by the Proposed Action are distributed as shown in Table 1 and 2 
respectively. This distribution was used to identify how each impact affects each income 
group and to develop a weighting factor that represents disproportionate impacts on 
low-income populations. 


9.3.2 Economic Cost Multiplier 
The difference in economic burden experienced by low-income groups was calculated 
by standardizing economic impacts relative to the mean income of the 16 counties 
being impacted. Different cost multipliers are calculated for each impact type and area. 
This analysis also calculates impacts relative to household and individual incomes, based 
on how impacts are estimated for each impact type.  
 
Two separate multipliers were developed based on Loomis (2010), where a similar 
method is proposed to calculate a weighting system to compare costs and benefits as 
experience by individuals relative to their ability to pay for goods and services. The 
method was applied to derive weight factors used in household and individual levels of 
analysis:  
 


Household Weight Factor ----  
Wi = (Avg. Household Income in Counties in Projected Impact Area / Household 
Income levelsi) 


 
Individual Weight Factor ----  


Wi = (Avg. Individual Income in Counties in Projected Impact Area / Individual 
Income levelsi) 


 


For example, following the weighting factor explained above, a household with an 
income of $20,000 in an area where the mean income is $40,000, would have its net 
benefits/costs weighted by a factor of two. This weight is used as the economic 
multiplier.  
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The resulting multipliers are applied to low-income groups. Table 3 outlines the 
distribution of household income brackets in the 16 counties impacted in Washington. 
Low and high multipliers were calculated to account for the range of incomes within 
each income bracket. Low multipliers were calculated based on the high end of each 
income bracket range, and high multipliers were calculated based off the low end of 
each income bracket range. For example, in the highest income bracket, the high 
multiplier was calculated using the $25,000 income and the low multiplier was 
calculated using the $34,999 income (see Table 3). Finally, each high and low multiplier 
was averaged (note that for the <$10,000 income bracket, a 7.19 multiplier was used) to 
produce the average multiplier used to calculate additional impacts experienced by 
households earning incomes of less than $35,000/year.  


Table 3. Household Income Adjusted Multipliers for Project Counties 
within Washington State by Income Bracket 


Household Income 
Bracket (High) 


Household Income 
Bracket (Low) 


AVG. Multiplier 
(High) 


AVG. Multiplier 
(Low) 


AVG. 
Multiplier  


<10,000 $ 10,000 >7.19 7.19 


4.24 
$ 10,001 $ 14,999 7.18 4.8 


$ 15,000 $ 24,999 4.7 2.9 


$ 25,000 $ 34,999 2.8 2.1 


 
Applying the average multiplier to the costs experienced by each household below the 
$35,000 threshold captures the additional impact they experience as a result of being 
low-income. In effect, using the multiplier accounts for the greater proportion of the 
household income these costs represent by adjusting each household to the mean 
household income in the 16 affected counties ($71,880).   
 
The resulting multipliers are applied to low-income groups. Table 4 outlines the 
distribution of household income brackets in the 16 counties impacted in Washington. 
Low and high multipliers were calculated to account for the range of incomes within 
each income bracket. Low multipliers were calculated based on the high end of each 
income bracket range, and high multipliers were calculated based off the low end of 
each income bracket range. For example, in the highest income bracket, the high 
multiplier was calculated using the $15,000 income and the low multiplier was 
calculated using the $24,999 income (see Table 4). Finally, each high and low multiplier 
was averaged (using 5.53 from the <$10,000 income bracket, rather than some arbitrary 
higher multiplier) to produce the average multiplier used to calculate additional impacts 
experienced by individuals earning incomes of less than $25,000/year. 
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Table 4. Individual Income Adjusted Multipliers for Project Counties 
within Washington State by Income Bracket 


Individual Income 
Bracket (High) 


Individual Income 
Bracket (Low) 


AVG. Multiplier 
(High)  


AVG. Multiplier 
(Low) 


AVG. 
Multiplier  


<10,000 $ 10,000 >5.53 5.53 


4.20 $ 10,001 $ 14,999 5.52 3.69 


$ 15,000 $ 24,999 3.68 2.21 


 
Applying the average multiplier to the costs experienced by each individual below the 
$25,000 threshold captures the additional impact they experience as a result of being 
low-income. In effect, using the multiplier accounts for the greater proportion of 
individual income these costs represent by adjusting each individual to the mean 
individual income in the 16 affected counties ($55,204). 


9.4 Results 
Results are presented in terms of the economic weight applied to low-income groups 
and the magnitude of the economic impact calculated for each impact area. The analysis 
area also differs slightly for each impact type, mostly in terms of the size of the buffer 
around the terminal and adjacent to the rail line and crossings.  


 
Weighted Economic Impact to Low-Income Communities 
Impacts related to noise and vehicle delays along the Reynolds Lead and health impacts 
due to air quality reductions are expected to disproportionately affect low-income 
communities at a rate that would appreciably exceed the rate at which the general 
population experiences these impacts. Each of these potential disproportionate impacts 
is quantitatively assessed for the magnitude of their disproportionate impact.  
 
These costs are to be incurred in addition to the expected costs calculated for each 
impact area. The incremental costs calculated here represent the disproportionate 
burden incurred by low-income groups. The total cost for each of the impact areas 
analyzed here represent isolated incremental values only. The original costs calculated 
for each impact type are presented in each corresponding chapter. 
 
Dependent on the impact area, each cost is measured in relative terms to the average 
distribution. Also, cost multipliers are applied to either household income or individual 
income, depending on how the original impact analysis for each was actuated, at the 
same level to which those costs were attributed. This translates to a different 
mechanism for each impact type, adjusted by either the household or individual 
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multiplier. For the noise and vibration impact area, costs were calculated using 
households as the metric for determining low-income weights. This was done to apply a 
cost burden to each household for noise impact, which was measured via household 
proximity. Vehicle delay and health risk due to air quality were attributed to individuals, 
thus the cost multiplier reflects how individual incomes differ from mean incomes. 


9.4.1 Noise and Vibration 
Noise impacts are analyzed in Chapter 4 of this report and are based on Section 5.5 of 
the FEIS, Noise and Vibration. The FEIS reports that Proposed Action-related trains 
would result in potential, adverse, indirect noise impacts during operation at residences 
along the Reynolds Lead (near 3rd Avenue and California Way, Oregon Way and 
Industrial Way, and Douglas Street and Washington Way). Noise levels would exceed 
FRA guidelines for moderate or severe noise impacts at 289 residential units in Cowlitz 
County alone (Cowlitz County and Ecology, 2017c).  
 
Economic impacts from noise and vibration are calculated and presented in Chapter 4. 
This chapter presents only the appreciable costs as experienced by those within the low-
income level for households, as explained in the Methods section of this chapter. As 
illustrated in Table 5, these adjustments amount to an incremental cost of $49,284,000 
over 20 years using a 0% discount rate or $36,158,000 using a 2.75% discount rate. 
Cumulative costs after 50 years amount to $134,998,000 with a 0% discount rate or 
$69,786,000 with a 2.75% discount rate.   


Table 5. Added cost for Low-Income Groups from Noise and Vibration Costs in Washington State  


Impact from Low-Income Multiplier 


 Impact/YR ($2017$) – 0% Discount Rate  Impact/YR ($2017) – 2.75% Discount Rate 


20 – Year Total $49,284,822  $36,158,546  


50 – Year Total  $134,997,555  $69,786,273  


9.4.2 Vehicle Delay 
Economic impacts from vehicle delays resulting from train traffic are calculated and 
presented in Chapter 6. Under the Proposed Action of the Millennium Bulk Terminals-
Longview SEPA Final Environmental Impact Statement (FEIS), coal transport trains would 
increase along the BNSF mainline in Washington State (Cowlitz County and Ecology, 
2017b).  
 
This section presents only the appreciable costs as experienced by individuals within the 
low-income level, as explained in the Methods section of this chapter. As illustrated in 
Table 6, these adjustments amount to an incremental cost of $222,041,499 over 20 
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years using a 0% discount rate or $160,480,959 using a 2.75% discount rate. Cumulative 
costs after 50 years amount to $867,835,519 with a 0% discount rate or $403,090,314 
with a 2.75% discount rate.   


Table 6. Added cost for Low-Income Groups from Vehicle Delay Costs in Washington State  


Impact from Low-Income Multiplier 


 Impact/YR (2017$) – 0% Discount Rate  Impact/YR (2017$) – 2.75% Discount Rate 


20 – Year Total $222,041,499  $160,480,959 


50 – Year Total  $867,835,519 $403,090,314  


 


9.4.3 Health Costs from Air Quality Impacts 
Health impacts due to air pollution are assessed in Chapter 1 of this report. According to 
the health impact assessment conducted for the Proposed Action (Cowlitz County and 
DOH, 2018), the health impacts of greatest concern are heart and lung diseases as well 
as total increased mortality. The analysis in Chapter 1 focused on costs from mortality 
risk increases.  
 


Economic impacts from health costs of air quality impacts are calculated and presented 
in Chapter 1. This section presents only the appreciable costs as experienced by 
individuals within the low-income level, as explained in the Methods section of this 
chapter. As illustrated in Table 7, these adjustments amount to an incremental cost of 
$36,500,959 based on the low estimate or $232,004,581 for the high bound using a 0% 
discount rate. Using a 2.75% discount rate, the costs amount to $26,472,692 and 
$168,263,687 respectively. Cumulative costs after the 50-year projected operations 
period amounts to $111,825,567 for the low estimate or $710,777,050 under the high 
estimate using a 0% discount rate. Following the 2.75% discount rate, the costs would 
be $55,778,849 or $354,537,219 for the low and high estimates. 


Table 7. Added Cost for Low-Income Groups from Health Impacts Costs in Washington State  


Impact from Low-Income Multiplier 


 
Low – Impact/YR 


($2017) – 0% 
Discount Rate 


High – Impact/YR 
($2017) – 0% 
Discount Rate 


Low – Impact/YR 
($2017) – 2.75% 
Discount Rate 


High – Impact/YR 
($2017) – 2.75% 
Discount Rate 


20 – Year Total $36,500,959 $232,004,581 $26,472,692 $168,263,687 


50 – Year Total  $111,825,567  $710,777,050 $55,778,849 $354,537,219 
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9.5 Major Data Sources 


• Cowlitz County and Washington State Department of Ecology (Ecology), 2017c. 
Millennium Bulk Terminals – Longview: State Environmental Policy Act, Final 
Environmental Impact Statement, Volume I (Sec. 3.2), Social and Community 
Resources.  


• U.S. Census Bureau, Census 2000 and 2010 data and 2009–2013 American 
Community Survey (ACS, 2016). 


• 2017 Poverty Guidelines. U.S. Department of Health and Human Services, Office 
of the Assistant Secretary of Planning and Evaluation. (ASPE, 2018) 


9.6 Discussion of Results 
In recent times, local, state, and federal government leaders have directed their 
agencies to engage and better understand impacts to marginalized populations while 
considering policy decisions—including Washington State (DOH, n.d.). This commitment 
is derived from the idea of environmental justice, defined by the EPA as: 
 


 “…the fair treatment and meaningful involvement of all people regardless of 
race, color, national origin, or income, with respect to the development, 
implementation, and enforcement of environmental laws, regulations, and 
policies.” (USEPA, 2015) 


 
Of chief concern for the purposes of this chapter are low-income and minority groups in 
Washington State. This chapter exists to account for and disclose the additional impacts 
experienced by these groups across three key impacts identified in section 3.2 of the 
FEIS, where these differential impacts would be felt the strongest (Cowlitz County and 
Ecology, 2017a). Following the methodology outlined by Loomis (2010), this analysis 
derived a multiplier in order to measure the additional impacts felt by disadvantaged 
communities. Quantifying these impacts aligns with the best practices of federal 
agencies including the EPA and the USACE, the former of which recommends that any 
publicly-funded project take steps to assess the disproportionate impacts that low-
income and minority populations will experience (USEPA, 2000).  
 
The findings presented in this chapter quantify the additional extent to which low-
income communities in the 16 counties of Washington would be affected by the 
Proposed Action, beyond the impacts experienced by the population at large. Section 
3.2 of the FEIS (Cowlitz County and Ecology, 2017a) specifically points to the impacts 
resulting from increased noise and vibration, from vehicle delays, and from reduced air 
quality as disproportionally affecting low-income communities. These additional 
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environmental justice and equity concerns are quantified and monetized as shown on 
Table 8.  


Table 8. Summary Table of added costs for Low- Income Groups from Noise and Vibration, Vehicle 
Delay, and Health Impacts in Washington State 


Total Additional Impact from Low-Income Multiplier 


 
Impact/YR (2017$) – 0% 


Discount Rate  
Impact/YR (2017$) – 2.75% 


Discount Rate 


20 – Year Total $503,330,902 $364,903,192 
50 – Year Total  $1,713,610,124 $827,413,807 


 


It is important to note that these numbers do not represent a full accounting of the 
additional impacts that would be experienced by disadvantaged groups. Section 3.2 of 
the FEIS (Cowlitz County and Ecology, 2017a) notes that the costs across the three 
impact areas will also be disproportionally experienced by minority populations. As 
noted in Section D. – Data Limitations, due to the inherent difficulty of accurately 
identifying precisely where minority households are located in the impact areas and 
quantifying the isolated effect of a “minority-status” on economic impacts, this analysis 
opted not to quantify these additional, important costs. However, a sense for the scale 
of impact that would be experienced by minority populations living in the area of the 
Proposed Action is conveyed by the map below (Figure 1). Within the FEIS study area, 18 
census block groups have low-income populations ranging from 26.6 to 57.6%. Overall, 
21 of the total study area 46 block groups are considered minority and/or low-income 
communities: 
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Figure 1. Map of Minority and Low-Income Populations Impacted in Cowlitz County from FEIS section 
3.2 (Cowlitz County and Ecology, 2017a) 


 


 


The map shows that minority populations are represented in areas of direct and indirect 
impact. To accept the additional costs borne by low-income populations is to also accept 
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that minority populations living in the same zone will experience a similar set of 
impacts, even as the magnitude of these is not quantified.  
 
This chapter has reported these costs in terms of dollar value over 20- and 50-year time 
horizons according to two different discount rates. However, these costs will be 
experienced by low-income and minority populations in real and tangible ways. These 
costs can be expressed as financial constraints to mitigate noise levels, health impacts, 
and longer traffic delays. These reductions in quality of life and resulting financial 
burdens, experienced by these disadvantaged groups will have a greater impact per 
dollar of damage than for other, more affluent communities that have greater access to 
savings, medical services, job security, and other impact-mitigating resources.   
 
The importance of these costs to these groups should not be underestimated. Not only 
is there a growing body of literature seeking to understand the complex interactions of 
socioeconomic status, race, and pollution and their collective impact on health (e.g., 
O’Neill et al., 2013; Neidell, 2014), there is also an increased effort in academia and the 
public sector to account for typically marginalized communities when it comes to issues 
of environmental justice and equity (DOH, n.d.; Čapek, 1993). To discount these 
additional costs would exclude consideration of this population segment from this 
decision and bypass the principles of environmental justice that are at the heart of the 
work done by the EPA and the Washington State Department of Health (USEPA, 2015; 
DOH, n.d.). 


9.7 Opinion 
There is a growing body of literature connecting race, socioeconomic conditions, 
pollution, and impacts on health (O’Neill, Jerrett, and Kawachi et al., 2013). Economists 
such as Loomis (2010) and Fleurbaey and Abi-Rafeh (2016) have highlighted the 
importance of quantifying the additional economic burden incurred by low-income 
populations as a way to address these types of findings.  
 
The findings presented in this chapter quantify the additional extent to which low-
income communities in the 16 counties of Washington would be affected by the 
Proposed Action, beyond the impacts experienced by the population at large. Section 
3.2 of the FEIS (Cowlitz County and Ecology, 2017a) specifically points to the impacts 
resulting from increased noise and vibration, from vehicle delays, and from reduced air 
quality as disproportionally affecting low-income communities. These additional 
environmental justice and equity concerns are quantified and monetized.  
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Opinion 1: Economic costs to low-income populations 
In my opinion a conservative estimate of the additional low-income economic burden 


for train noise and vibration, vehicle delays, and health costs from air quality impacts 


that would be imposed by the Proposed Action on low-income communities will be at 


50 years, $827 million at a 2.75% discount rate or $1.7 billion at a zero discount rate.  


 


Opinion 2: Economic costs to low-income and minority populations 
In my opinion, the values provided above underestimate the true economic impact to 
low-income and minority populations because only three impacts were calculated and 
no multiplier for the other six impacts that were examined in this analysis. Data 
limitations, such as income housing ownership precluded some additional analysis. In 
addition, an added burden imposed on minority populations exists but was not 
estimated. For these reasons it is also my opinion that the economic burden on low-
income and minority populations from the Proposed Action is larger than the estimated 
values, and I cannot estimate an upper boundary for these economic impacts.  
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10 Tribal Resources 


10.1 Introduction 
This section examines Proposed Action impacts to tribal resources, relying on the FEIS 
sections on Tribal Resources (Cowlitz County and Ecology, 2017a), and Fish (Cowlitz 
County and Ecology, 2017b) and the SEPA Fish Technical Report (Cowlitz County and 
Ecology, 2017c).  
 
The FEIS (Cowlitz County and Ecology, 2017a) states: “Construction and operation of the 
Proposed Action could result in indirect impacts on tribal resources through Proposed 
Action-related activities causing physical or behavioral responses and by affecting 
aquatic habitat. These impacts could reduce the number of fish surviving to adulthood 
and returning to areas east of Bonneville Dam, which could affect the number of fish 
available for harvest by Native American tribes. Proposed Action-related trains would 
travel through areas adjacent to and within the usual and accustomed fishing areas of 
Native American tribes and could restrict access to tribal fishing areas in the Columbia 
River” (pg. 3.5-20). 
 
Of the many tribal resources, the FEIS is focused primarily on fish. The FEIS and SEPA 
Fish Technical Report identify fish strandings caused by bulk carrier wakes, especially for 
subyearling Chinook salmon, as one impact (Cowlitz County and Ecology, 2017b; Cowlitz 
County and Ecology, 2017c). This would reduce salmon populations and reduce tribal 
resources. Figures provided by the Bonneville Power Administration on spending for 
salmon and wildlife restoration actions provide a guide to the value of this resource, and 
the investment in restoration that is at risk if the Proposed Action significantly harms 
fish. Tribal comments were submitted in the draft EIS process. The comments from 
Columbia River Basin tribes were unanimous, claiming that the Proposed Action would 
damage tribal resources. These points are summarized in a conclusion, and opinions are 
provided.  
 
It should be understood throughout this chapter that tribal resources are intricately tied 
to tribal economies. Salmon, steelhead, lamprey, eulachon, sturgeon and other plants 
and animals are “first foods” and critical to the household economy and healthful diet of 
tribal members in the Columbia River Basin.  
 
All five referenced tribes noted in the FEIS — the Confederated Tribes and Bands of the 
Yakama Nation, Confederated Tribes of the Umatilla Indian Reservation, Confederated 
Tribes of the Warm Springs, Cowlitz Indian Tribe and the Nez Perce Tribe — have tribal 
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members who fish commercially and for subsistence (Cowlitz County and Ecology, 
2017a). Commercial fishing and other tribal resource harvesting jobs are important 
sources of income for tribal members and thus support household, community, and 
tribal economies. Figure 1 shows the Tribal Resources Study Area.  


Figure 1. Tribal Resources Study Area 


 
Source: Figure 3.5-1. Tribal Resources Study Area. Cowlitz County and Ecology, 2017a, pg. 3.5-4.  


 


The Proposed Action is located along the nearshore, within the floodplain, and in the 
channel of the lower Columbia River near Longview, Washington.  


 
The FEIS chapter on Tribal Resources states: "For the purpose of this FEIS, the term 
tribal resources refers to tribal fishing and gathering practices and treaty rights, 
specifically, the collective rights and access to traditional areas associated with a tribe’s 
sovereignty or formal treaty rights. These resources may include plants or fish used for 
commercial, subsistence, and ceremonial purposes” (Cowlitz County and Ecology, 
2017a, pg. 3.5-1).  
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The FEIS identifies relevant laws and regulations including 1855 Treaties between the 
United States and the Yakama, Walla Walla, Cayuse, Nez Perce, and Middle Oregon 
Tribes. It also includes important court cases, the Endangered Species Act, Congressional 
authorizations concerning dams and salmon restoration, Federal recognition of the 
Cowlitz Tribe, and other fishing treaties and agreements (Cowlitz County and Ecology, 
2017a).  


 
The study area for tribal resources in the FEIS is described in 3.5.2 (Cowlitz County and 
Ecology, 2017a) and extends from three miles offshore from the Columbia River estuary 
to McNary Dam “including the tribal commercial, subsistence, and ceremonial fishing 
zone on the Columbia River known as Zone 6” (pg. 3.5-3). The Zone 6 boundary runs 
west of Bonneville dam to McNary Dam and is shown in Figure 3.5-1 of the FEIS. The 
indirect impacts area for the Proposed Action also includes the Lower Columbia River 
west of Zone 6. The FEIS is primarily focused on a subset of tribal resources, 
anadromous fish species, including salmon, steelhead, eulachon, and Pacific lamprey 
which spend their early lifecycle stages in the Columbia River Basin, migrate to the 
Pacific Ocean, and return from the Pacific Ocean to spawn in areas of the Columbia 
River Basin. Sturgeon is also discussed as an important, recognized tribal resource and is 
found within the in-river portion of the project site and within the full extent of the area 
for indirect impact analysis. Bull trout are endangered and considered by tribes to be a 
tribal resource. They are discussed in the FEIS (Cowlitz County and Ecology, 2017b).  
Other nonfocus fish are named in Table 4.7.5 and may be considered tribal resources 
but are not included in this analysis (Cowlitz County and Ecology, 2017b).  


 


Focus species of concern that are fished in Zone 6, with a seasonal presence in the study 
area are listed in table 4.7-4 in the FEIS (Cowlitz County and Ecology, 2017b). These are 
tribal resource fish species. They are designated by evolutionarily significant units 
(ESUs). They include three ESU populations of Chinook salmon (threatened with 
extinction), the lower Columbia River Coho salmon ESU (threatened with extinction), 
Columbia River chum salmon ESU (threatened), four ESUs of steelhead, one ESU of bull 
trout, one of cutthroat trout, two ESU of green sturgeon, one ESU of white sturgeon, 
one distinct population segment of eulachon, and multiple populations of Pacific and 
River Lamprey.  


 
In addition, there are other Columbia River Basin anadromous threatened and 
endangered fish that migrate through the lower Columbia River past or through the 
Proposed Action project site. These are tribal resource fish and are listed under the 
Endangered Species Act. Those not mentioned above include ESU Upper Columbia River 
Spring-run Chinook Salmon (Endangered with extinction), Snake river Spring/Summer 
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run Chinook Salmon (Threatened), Snake River Sockeye Salmon (Endangered), and 
Upper Willamette River Steelhead (Threatened) (NMFS, 2011).  


 
A smaller number of anadromous fish spawn in watersheds downstream of the 
Proposed Action site. All tribal resource salmon, steelhead, eulachon, and Pacific 
lamprey, originating and returning from upstream of the Proposed Action site — every 
individual fish comprising this vast, otherwise disbursed, and important set of tribal 
resources — will pass by the portion of the Lower Columbia River with the Proposed 
Action site as subyearlings, and for those that return, as adults returning to spawn.  


 
This includes all adult anadromous fish from the Upper Columbia River system and 
Snake River system that migrate beyond Zone 6 yet may be caught by tribal fishers 
within Zone 6. Tribal fish resources outside the FEIS indirect impacts area and upstream 
of McNary Dam, pass through the Proposed Action, according to comments submitted 
by Columbia River Basin Tribes. These tribal resources would come within the scope of 
this statewide economic analysis. For reference, a map of the Columbia River Basin and 
associated sub-watersheds is provided in Figure 2. 
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Figure 2. Columbia River Basin with Sub-Watersheds.  


 


 
Discussing the tribes fishing in Zone 6 of the Columbia River, the FEIS further notes 
“Salmon are central to the spiritual and cultural identity of the four [Zone 6] Columbia 
River treaty tribes” (Cowlitz County and Ecology, 2017a, pg. 3.5-5). 


 
Tribal resources are part of cultural heritage, which includes biophysical structures, 
physical objects and intangible features of a group that are inherited from past 
generations, maintained in the present and bestowed for the benefit of future 
generations (Daniel, Muhar, Arnberger et al., 2012). For indigenous peoples, including 
Columbia River Basin tribes, “ecosystem function,” or nature’s health is bound to 
individual, community and tribal health, identity, sense of place, and self-worth.  


 
Natural systems, resources, salmon, religious beliefs and spiritual experiences are often 
inseparably tied together. Nancy Turner, a recognized academic specializing in 
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indigenous people and cultural value, notes that the difficulty of measuring tribal 
resources arises from how cultural values are embedded in tribal resources and physical 
ecosystems (Turner, 2013). Salmon are subsistence “first foods” and valuable as healthy 
subsistence foods. The provide employment and income, and they have cultural value 
far beyond a food or income source. In tribal economies, food, income, employment, 
and ceremony are tied together and require not only commercial relationships, but 
healthy ecosystem function throughout salmon habitats. Chinook salmon ceremonies 
require Chinook salmon, which in turn require habitat from the redd where eggs 
develop, to nearshore habitat in the lower Columbia, to forage fish in the Bering Sea. 
Ceremonies require safe access to traditional Columbia River fishing sites and abundant 
salmon returns. Moreover, the health of tribal members is closely tied to diet. First 
foods are healthy wild and natural foods; the loss of these foods in Native American 
diets and shift to processed, fatty and high sugar content foods has resulted in 
numerous diseases.  According to the U.S. Center for Disease Control (2018), “Native 
Americans (American Indians and Alaska Natives) have a greater chance of having 
diabetes than any other US racial group.”  


 
These additional aspects of tribal resources including the cultural and health 
implications of impacts to tribal resources that resonate through culture, health, 
identity and other tribal attributes, though present are not discussed in this chapter.  


 
This chapter provides a brief description of Proposed Action impacts to fish tribal 
resources, subyearling fish ship stranding, discussion of salmon restoration, comments 
by tribal representatives on Proposed Action impacts to tribal resources, and it discusses 
broadly the economic implications of the loss of tribal resources, with a conclusion, 
primary sources, and opinions.   


10.2 Methods 
Tribal resources are tied to the history, culture, traditions, health, and economies of 
tribal people. There are no economic methods which can fully capture and translate the 
value of tribal resources into monetary units. While a monetary valuation of tribal 
resources could not be calculated, the scale, gravity, and importance of these resources 
can be described and partially tied to some monetary indicators, such as the investment 
in salmon restoration within the Columbia River Basin.  
 
The method of analysis in this Chapter consists of drawing upon the quantitative and 
descriptive data provided in the FEIS sections on Tribal Resources (Cowlitz County and 
Ecology, 2017a), Fish (Cowlitz County and Ecology, 2017a), the SEPA Fish Technical 
Report (Cowlitz County and Ecology, 2017c), NOAA published reports, academic 
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published articles, and tribal comments to form a qualitative economic analysis and 
opinion.  
 
The fact that the entire stocks of major anadromous fish, endangered and not 
endangered, utilizing habitat upstream must pass the Proposed Action site, provides 
fundamental rationale to examine the potential impacts of the Proposed Action on 
these significant tribal resources. This methodology is not comprehensive. Other tribal 
resources, including many plants and animals, may be impacted by the Proposed Action 
and are not considered in this analysis.  


10.3 Discussion and Results 


10.3.1 Proposed Action Impacts to Tribal Resources 
FEIS sections 3.5 Tribal Resources (Cowlitz County and Ecology, 2017a) and section 4.7 
Fish (Cowlitz County and Ecology, 2017b) provide a list of Proposed Action impacts to 
fish species identified as tribal resources.  
 


The FEIS chapter on fish states that “Eight threatened or endangered salmon 
evolutionarily significant units (ESUs), five threatened steelhead distinct population 
segments (DPSs), one threatened bull trout DPS, and their designated critical habitats 
occur in the study area (Table 4.7-4) (Bottom et al. 2008; National Marine Fisheries 
Service 2011)” (Cowlitz County and Ecology, 2017b, pg. 4.7-11). 
 
The project area includes portions of the shoreline and river including the riparian zone, 
active channel migration zone, shallow water zone and deep water zone including an 
area to be dredged to a deeper channel depth, which is shown in FEIS Figure 4.7-3 
(Cowlitz County and Ecology, 2017b).  
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Figure 3. Aquatic Habitat Types Potentially Affected by the Proposed Action 


 
Source: Figure 4.7-3. Aquatic Habitat Types Potentially Affected by the Proposed Action. Cowlitz County and Ecology, 
2017b, pg. 4.7-9. 
 
Some impacts identified as Proposed Action impacts, such as pile driving, vessel wakes, 
and removal of habitat are known to harm or kill salmon and other tribal resources.  
Proposed Action impacts to fish are described in greater detail in section 4.7.5 of the 
FEIS (Cowlitz County and Ecology, 2017b). They include: 


• Altering and permanently removing aquatic habitat; 


• Hydraulic dredging;  


• Elevated turbidity; 


• Noise related to pile driving, construction, operations and shipping;  


• Shading; 


• Potential spills of fuels, lubricants, hydraulic fluids and other hazardous construction 
materials;  
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• Coal dust; 


• Wakes created by bulk coal carriers, tug boats and other Proposed Action shipping. 


 
Some of the proposed actions would have a positive influence on habitat, such as 
removing existing creosote-treated pilings.  
 
The FEIS chapter on fish also recognizes that some of the impacts are unavoidable: 
“Thus, it is recognized that not all potential impacts associated with entrainment during 
hydraulic dredging would be avoided” (Cowlitz County and Ecology, 2017b, pg. 4.7-22). 
In addition, because dredging would take place throughout the operational phase of the 
Proposed Action, its magnitude, the quantity of dredged material, and its temporal 
frequency are unknown. Consequently, the scale of impact to fish, fish eggs, fish larvae, 
and subyearling fish are not fully known and effective mitigation could not be fully 
defined at the time of the FEIS (Cowlitz County and Ecology, 2017c).   
 
Based on the FEIS section on tribal resources, Washington State Department of Ecology 
in Order No. 15417 stated: “…Ecology concludes that Millennium at full operations would 
result in unavoidable significant adverse impacts to tribal resources” (Ecology, 2017, 
pg.14).  In addition, comments provided by the Upper Columbia United Tribes and 
Columbia River Inter-Tribal Fish Commission and individual tribes providing comments 
and residing within the Columbia River Basin are unanimous in concluding that the 
Proposed Action will have significant and unavoidable adverse impacts on tribal 
resources. 
 
An analysis of the impacts noted in the FEIS, along with the proposed mitigation actions 
and their potential costs to tribal resources, is beyond the scope of this report and 
Chapter. Fish strandings was selected as a tribal impact discussion case-study because of 
the lack of mitigation and because an additional study provided significant 
supplementary information to the FEIS and SEPA Fish Technical Report.  


10.3.2 Proposed Action Fish Stranding Impacts 
The FEIS chapter section on fish stranding due to vessel wakes  notes that 74 vessels per 
month, 840 per year of Panamax (738 feet long) and Handymax (490 feet and longer) 
would make 1,680 transits creating wakes and stating, “When these wakes meet the 
shoreline, they can carry fish and deposit them on the beach, potentially stranding them 
where they would be susceptible to stress, suffocation, and predation before they could 
return to the water” (Cowlitz County and Ecology, 2017b, pg. 4.7-32).   
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Beaches which are highly porous are the most dangerous for wake strandings because 
as the wake wave washes fish onto the beach, and the wave water drains into the sand 
stranding fish, rather than receding with the fish back into the river (Pearson and 
Skalski, 2011).  
 
The FEIS chapter on fish notes that several studies have observed and documented fish 
stranding and the conditions which contribute to fish stranding.  and further that 
“Subyearling Chinook salmon appear to be more susceptible to stranding, accounting for 
80% of the fish stranded by vessel wakes along the lower Columbia River” (Cowlitz 
County and Ecology, 2017b, pg. 4.7-33).   
 
The FEIS notes that one of the studied stranding sites is Barlow Point, immediately 
downstream and adjacent to the project site. All coal bulk carrier vessels arriving and 
departing from the proposed Millennium Bulk Terminal would pass Barlow Point and 
create wakes. Pearson, Skalski, Sobocinski et al. (2006) note that of total vessel 
passages, 36% caused stranding and further demonstrated that larger bulk carrier 
vessels of the same class as coal bulk carrier vessels were most likely to cause fish 
stranding. According to Pearson et al. (2006) this is because larger, deep draft vessels 
cause larger wakes.  
 
The SEPA Technical Report on Fish notes that “A study completed by ENTRIX (2008) 
identified 217 beach segments (out of 1,046 beach segments assessed) between the 
project area and the river mouth on which there is more than a minimal likelihood of 
fish stranding” (Cowlitz County and Ecology, 2017c, pg. 2-11). Only two of these 
potential stranding sites were included in the Pearson et al. (2006) field work. In 
addition, over 33 miles of downstream shoreline areas were identified as likely 
stranding beaches, and of that 8 miles of beach were identified as “high” susceptibility 
(Cowlitz County and Ecology, 2017c).  
 
The FEIS chapter on fish concludes with this statement:  
 
“While the scientific literature generally acknowledges the connection between wakes 
generated by deep-draft vessels and fish stranding in the lower Columbia River, the 
literature has not identified methods to quantify the current level of stranding in the 
lower Columbia River, nor has a model been developed that could accurately predict the 
extent of stranding caused by deep-draft vessels in the lower Columbia River. Thus, 
while the Proposed Action would increase deep-draft vessel traffic in the lower 
Columbia River, which could contribute to an increase in fish stranding, it would be 
speculative to attempt to quantify fish stranding from vessels associated with the 
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Proposed Action. SEPA Rules require the consideration of environmental impacts that 
are likely, not merely speculative (WAC 197-11-060). In accordance with this 
requirement, the EIS discloses the potential for impacts related to fish stranding due to 
vessel wakes but does not quantify the potential impact because the worst-case 
scenario cannot be developed with any reasonable certainty (WAC 197-11-080-3(a)). 
While vessel operations in the lower Columbia River are federally regulated, the 
Applicant has no authority to control or influence vessel operations, either directly or 
indirectly” (Cowlitz County and Ecology, 2017b, pg. 4.7-33).  
 
Both the SEPA Fish Technical Report (Cowlitz County and Ecology, 2017c) and Pearson 
and Skalski (2011) noted that strandings were most deadly to subyearling Chinook 
salmon, a critical tribal resource for all of the tribes noted in the study area.   
 
The Proposed Action would increase coal bulk carrier vessel trips on the lower Columbia 
River, including Point Barlow, by 1,680 trips/year. These ships would be creating wakes 
during all of the migratory periods for all species of salmonids, including the “Eight 
threatened or endangered salmon evolutionarily significant units (ESUs), five threatened 
steelhead distinct population segments (DPSs), one threatened bull trout DPS, and their 
designated critical habitats occur in the study area (Table 4.7-4) (Bottom et al. 2008; 
National Marine Fisheries Service 2011).” (Cowlitz County and Ecology, 2017b, pg. 4.7-
11). 
 
The SEPA Fish Technical Report identified 217 potential stranding sites, including over 8 
miles of beaches with high stranding potential (Cowlitz County and Ecology, 2017c).  
 
In addition, as noted above, the FEIS chapter on fish states, “…the Applicant has no 
authority to control or influence vessel operations, either directly or indirectly” (Cowlitz 
County and Ecology, 2017b, pg. 4.7-33). Thus, the Proposed Action applicant has no 
authority or capacity to impose or implement mitigation measures governing the 1,680 
additional coal bulk carrier trips, which would cause wakes, some of which would strand 
fish including subyearling Chinook salmon, reducing tribal resources available to tribal 
members.   
 
The increase in wakes and wake stranding contradicts the National Marine Fisheries 
Service (NMFS) restoration plan for endangered and threatened salmon and steelhead 
recovery in the Lower Columbia River (NMFS, 2011).  The recovery plan identifies ship 
wakes as harming endangered and threatened fish and lists reducing the effects of wake 
stranding as a fish recovery management action (NOAA, 2011). 
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These facts provided by the SEPA Fish Technical Report (Cowlitz County and Ecology, 
2017c) provide sufficient evidence that there could be significant risk to tribal resources 
and the tribal economies tied to those resources.  
 
The Proposed Action will expose recognized and important tribal resources, including 
Chinook salmon, to increased mortality from stranding and other impacts. The entire 
stock of Columbia Basin Chinook salmon and other anadromous fish migrate through 
this area and will face increased risk exposure from stranding as well as hydraulic 
dredging, pile driving, alteration of the aquatic environment, noise, coal dust, fluid spills 
and other impacts.   
 
Tribal members fish for cultural, subsistence, employment and income benefits. For 
Columbia River Basin tribes, salmon are vital as a foundation of tribal member’s diets, 
and for employment and income for tribal members who participate in tribal 
commercial fishing (National Research Council, 2004).   
 
With reduced anadromous fish survival, including Chinook salmon subyearlings, due to 
strandings and other Proposed Action impacts there would be a reverberation 
throughout tribal economies. Tribal households dependent upon subsistence fishing in 
the five tribes within the study area, and tribal households in other parts of the 
Columbia River Basin where adult salmon populations would be reduced by subyearling 
mortality would have less food available to them. Tribal commercial fishers would 
experience reduced incomes, potentially dramatic income losses if fisheries had to be 
closed. These impacts would damage household food supplies and incomes as well as 
the income and expenditures in tribal communities.  
 
Dittmer (2013) notes that the “…the Nez Perce Tribe, the Confederated Tribes of the 
Umatilla Indian Reservation, the Yakama Nation, and the Confederated Tribes of Warm 
Springs Reservation of Oregon, have worked to halt and reverse the decline of Pacific 
Northwest salmon, steelhead, Pacific lamprey, and sturgeon populations. These fish are 
of great cultural, subsistence, and commercial value to CRITFC’s member tribes” (pg. 
628). Columbia River salmon in Zone 6 are important for spiritual, nutritional health and 
for livelihoods (ibid.) 
 
In addition, population reductions in salmon and other tribal resources would threaten 
the effectiveness of significant salmon restoration investments throughout the 
Columbia River Basin and in the recovery of tribal resources including Chinook salmon.  
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10.3.3 Investments in Salmon Restoration in the Columbia River Basin 
One method for examining the value of an asset is to look at the investment repairing or 


restoring that asset. The effort to restore fish habitat is large. The SEPA Fish Technical 


Report Appendix A Restoration Projects in the Lower Columbia River Subbasin describes 


over 150 restoration projects downstream of Bonneville Dam (Cowlitz County and 


Ecology, 2017c).  


 


It is difficult to estimate the total amount spent for the restoration of salmon, steelhead 


and other fish identified as tribal resources because the implementing agencies are 


diverse, and no central location fully reports restoration efforts, projects and costs. 


There have been many salmon restoration projects in the Columbia River Basin, some 


large scale. In August 2018, The Governmental Accountability Office (GAO, 2018) 


released the report, “Columbia River Basin: Additional Federal Actions Would Benefit 


Restoration Efforts.” The report noted the legal mandates for additional salmon 


restoration. It documented 188 water quality-related restoration projects in the basin 


identified in a 2017 survey of federal, state, local and tribal agencies. However, the GAO 


was also unable to determine the total federal expenditures for restoration in the 


Columbia River Basin (ibid.). This is because agencies do not have line items for 


restoration, and their expenditures were not effectively separated from other budget 


line items. The report also noted that the mandate to establish the Columbia River 


Restoration Program, which could coordinate projects, research and expenditures has 


not been fully implemented but did recognize the importance of restoration to tribal 


resources (ibid.).  


An estimate of restoration expenditures is provided by one agency. Between 2002 and 
2012, the Bonneville Power Administration (2013) spent over $7.3 billion on fish and 
wildlife restoration and enhancement. This does not include spending by other federal 
agencies including the EPA, U. S. Fish and Wildlife Service, U. S. Forest Service and 
NOAA. It does not include spending by the State of Washington, counties, cities, utilities, 
tribal governments, nonprofits, private land owners or other institutions. BPA spending 
includes salmon restoration projects, irrigation modifications for salmon, hatcheries and 
fish production enhancement, and the cost of lost power revenue for spilling water for 
wild salmon enhancement. Bonneville Power Administration estimated the cumulative 
fish and wildlife expenditures by BPA from 1978 to 2016 total $15.9 billion, with $621 
million spent in 2016 (NWPCC, 2016).  
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Although these restoration costs and illustrative calculations are incomplete, they do 
establish a broad scale of value for Columbia River Basin salmon. These resources are 
important as tribal resources, resources for Washington State residents and the basis for 
fisheries resources in the future. The current investment in restoring this salmon 
resource is easily on the order of billions of dollars. Impacts that reduce tribal resources 
threaten to undermine the effectiveness of these restoration efforts.  
 


10.3.4 Tribes Oppose the Project as Damaging to Tribal Resources  
In considering impacts to tribal resources, the submissions of tribes who depend upon 
these resources is important. The tribes of the Columbia River Basin, including tribes 
fishing in Zone 6 have provided comments on the Proposed Action’s potential impact to 
tribal resources in comments on the SEPA Draft Millennium Bulk Terminals - Longview 
EIS between in May and June of 2016.   
 
Columbia River Basin tribes have stated strong opposition to the Millennium Bulk 
Terminal proposal on the basis of impacts to salmon and other tribal resources.  
 
The Columbia River Inter-Tribal Fish Commission “coordinates management policy and 
provides technical services for the Yakama, Warm Springs, Umatilla, and Nez Perce 
tribes” (CRITFC, n.d.).  In a letter submitted in the Draft EIS review process, Executive 
Director Babtist Paul Lumley identified the following impacts to tribal salmon and other 
fish resources: coal dust, deep draft bulk coal ships, risk, air and water quality 
degradation, thermal pollution, ballast discharge and invasive species, wake stranding of 
subyearling fish, vessel safety, shoreline erosion, noise, and increased predation as a 
result of the Proposed Action (Lumley, 2016).  
 
In addition, he noted the increased threat of trains striking tribal members, and 
interfering with the tribal right to access fishing sites along the Columbia River which 
requires crossing the BNSF railroad line. He stated, “Billions of dollars have been 
invested throughout the Columbia River Basin for fish recovery. To add projects such as 
the Millennium Bulk Terminals – Longview, LLC coal distribution terminal (Millennium 
coal terminal) to the River Basin would be a major setback to these efforts” (Lumley, 
2016, pg. 1).  
 
Executive Director Lumley concludes: “The Columbia River Inter-Tribal Fish Commission 
(CRITFC) respectfully requests that Washington state and Cowlitz County use their 
respective authorities to deny the Millennium coal terminal” (Lumley, 2016, pg. 8). 
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Like Director Lumley, several tribal comments noted the increased threat of train strikes 
and deaths from the Proposed Action increase in trains. Tribal members accessing tribal 
resources, especially fishing on the Columbia River must cross train tracks where trains 
are at full speed and where horns are not sounded. In addition, weather conditions can 
be poor, that portion of the Columbia River is known for high and noisy winds, and the 
line of site along crossings may be short. Cumulatively, this places tribal members at a 
higher risk of train strike with an increase in train traffic.  
 
The analysis from Chapter 8 on rail safety did not include an analysis of the increased 
threat of train strikes to tribal members who are accessing tribal resources of train 
strikes, as data on track crossings was not available. However, it is clear from the data 
generated in Chapter 8, that train strikes, injuries and deaths of tribal members 
accessing tribal resources will increase. Fatalities are measured in deaths per million 
train miles. With the addition of many millions of train miles under the Proposed Action, 
increased train strikes, injuries and fatalities of tribal members crossing BNSF rail lines to 
access the Columbia River and tribal resources would be expected.    
 
In addition, the FEIS chapter on tribal resources notes “Tribal members gather and camp 
at multiple sites along the Columbia River beginning in May and many stay until fall to 
harvest salmon and steelhead from the Columbia River and its tributaries 
(Broncheau pers. comm.). Thirty-one sites were established by Congress (Public Law 
100-581 – Nov. 1, 1988; Title IV – Columbia River Treaty Fishing Access Sites) along the 
Columbia River in Zone 6 on the Washington and Oregon sides of the river to replace 
traditional sites inundated by the three Columbia River dams (Bonneville Dam, The 
Dalles Dam, and John Day Dam). The sites are near historical fishing villages and sites 
used by the tribes” (Cowlitz County and Ecology, 2017a, pg. 3.5-6).  
 
There are 19 of these sites on the Washington side of the Columbia River. Increased 
train traffic will delay tribal members and put them at an increased risk of train strikes.  
 
The Upper Columbia River Tribes (UCUT) also expressed their opposition to the 
Millennium Bulk Terminal Project. UCUT took this position with explicit approval by all 
member tribal councils, including the Coeur d’Alene Tribe, Confederated Tribes of the 
Colville Reservation, the Kalispel Tribe of Indians, the Kootenai Tribe of Idaho, and the 
Spokane Tribe of Indians.  D.R. Michel, Colville Tribal Member and UCUT Executive 
Director, stated: “The UCUT is opposed to the proposed Millennium Bulk Terminals 
(MBT) Longview, LLC’s coal export terminal at Longview, in Cowlitz County, Washington” 
(Michel, 2016, pg. 1).  
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UCUT asserts that the tribal resources in the Upper Columbia River Basin, outside the 
FEIS study area, including salmon, lamprey and other species that migrate through the 
proposed project site will be impacted by the proposed project jeopardizing tribal 
resources. In addition, these tribal “first foods” resources are closely tied to health.  
 
Executive Director Michel states: “Human health impacts are of deep concern to the 
UCUT. Human health issues including heart disease, diabetes, and inordinately high 
rates of premature death are rampant among UCUT members. The ecosystem-based 
function upon which the UCUT membership rely for spiritual and physical sustenance is 
further jeopardized by the proposed MBT [Millennium Bulk Terminal]” (Michel, 2016, 
pg. 2).  
 
He continues: “Climate change impacts and impacts to the cultures of Tribal Nations 
have not been adequately addressed. If all impacts were adequately addressed in the 
DEIS, then the decision would be clear: There are too many risks to too many people 
and resources to allow a major increase of trains hauling hazardous materials through 
hundreds of miles in order for a very few stakeholders to make a profit” (Michel, 2016, 
pg. 2).  
 
The Millennium Bulk Terminal is located on the traditional lands of the Cowlitz Indian 
Tribe. In a letter dated June 13, 2016, Chairman of the Cowlitz Indian Tribe, William Iyall, 
recognized tribal resources and the rights that accompany them and opposes both the 
Proposed Action and the Proposed Alternative (which includes some expansion of the 
current terminal): “Our tribe carries natural resource authorities, rights and obligations 
with the Columbia River Basin that would be impacted by [the Proposed Action and] the 
proposed alternative presented in the Draft EIS” (Iyall, 2016, pg. 1). He stated, “We 
believe there that there is no amount of mitigation possible to fully compensate the 
deleterious impacts the proposed action would have to our community, our natural 
environment and future outlook towards restoration” (Iyall, 2016, pg. 2).  
 
Furthermore, Chairman Iyall notes that although the current shoreline is degraded, in 
the lower portion of the Columbia River where habitat availability is so low, degraded 
habitat is still important.  The project will further degrade habitat and damage salmon 
populations including endangered and threatened species. In addition, there are 
significant efforts for habitat improvement and restoration, and the project has not 
been evaluated on the impact to these habitat improvement projects.  
 
In addition to these comments, the Confederated Tribes of the Umatilla Indian 
Reservation, Couer d’Alene Tribe, and Swinomish Indian Tribal Community provided 
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comments in opposition to the Proposed Action based upon impacts to tribal resources 
and tribal rights.  
 
Tribes within the Tribal Resource Study Area unanimously oppose the project on the 
basis of impacts to tribal resources and tribal rights. In addition, tribes in the Upper 
Columbia and Snake River Basins with tribal resources, including anadromous fish that 
migrate through the Proposed Action portion of the Columbia River also unanimously 
oppose the project as having damaging impacts to salmon tribal resources.  


10.4 Conclusion 
Salmon, steelhead, sturgeon, and lamprey are all important and well-established tribal 
resources in Zone 6 and were the focus of analysis in the FEIS and SEPA Fish Technical 
Report, as well as eulachon in the Cowlitz River and Lower Columbia River below 
Bonneville Dam. Other tribal resources were not examined in depth in the FEIS and 
supporting technical documents and are not discussed in this analysis. For example, 
Columbian black-tailed deer are found within the project site and endangered 
Columbian white-tailed deer have been documented on the site but were not the focus 
of the FEIS and supporting documents. 
 
Today, all salmonids, smelt, lamprey, sturgeon and many other species have greatly 
reduced stocks, and some have been designated as threatened and endangered with 
extinction. Restoration efforts in the Columbia River Basin have been significant with the 
Bonneville Power Administration spending $15 billion since the late 1970s on fish and 
wildlife restoration, hatcheries, dam operational changes, and habitat enhancement.  
 
Because the Proposed Action site is in the Lower Columbia River and includes both the 
nearshore and subaquatic waters, all of the anadromous fish spawning up-river of the 
site must pass the section of the Columbia River with the Proposed Action project site at 
least twice in their life-cycles once as subyearlings and a second time as returning adults 
(some fish swim up and down the river in migration and may pass a location more than 
once during a migration). This presents a significant threat to large scale tribal 
resources. In addition, any impact to this scale of tribal resources is also potentially 
threatening the effectiveness of billions of dollars invested in salmon restoration by 
reducing returning anadromous fish populations and could have a significant economic 
impact. Declines in fish populations would reduce employment, incomes, and family 
stability.  
 
The threat is significant considering the number of threatened and endangered tribal 
resource species noted above which migrate through the project area.  
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Many impacts were noted in the FEIS (Cowlitz County and Ecology, 2017b) and SEPA Fish 
Technical Report (Cowlitz County and Ecology, 2017c) which have been shown to harm 
or kill tribal resource fish species, such as noise from pile driving and dredging. These 
impacts could impact tribal resources if not mitigated. One impact was selected for 
further examination, fish stranding by bulk carrier ship wakes.  
 
Quantitative data from field studies, including Barlow Point, immediately downstream 
of the Proposed Action show that subyearling Chinook salmon are strongly susceptible 
to stranding. Furthermore, bulk carriers were the most damaging class of vessels 
creating fish stranding wakes. The FEIS identified 217 potential stranding sites, including 
over 8 miles of beaches with high stranding potential.  
 
In addition, as the FEIS notes, “…the Applicant has no authority to control or influence 
vessel operations, either directly or indirectly” (Cowlitz County and Ecology, 2017b, pg. 
3-29). Thus, the Proposed Action applicant has no authority or capacity to impose or 
implement mitigation measures governing the 1,680 additional coal bulk carrier trips, 
which would cause wakes, some of which would strand fish including subyearling 
Chinook salmon, reducing tribal resources available to tribal members.   
 
Proposed Action bulk carriers would operate throughout the year, during all migration 
periods for all tribal resource fish species, including threatened and endangered species. 
The National Marine Fisheries Service (NMFS) also identified fish stranding by vessels as 
a harm and NMFS established reducing boat wakes and fish stranding in the Lower 
Columbia River as a recovery action for threatened and endangered fish populations 
(NMFS, 2011).  
 
In addition, based on the FEIS section on tribal resources, Order No. 15417 stated: 
“…Ecology concludes that Millennium at full operations would result in unavoidable 
significant adverse impacts to tribal resources” (Ecology, 2017, pg. 14).   
 
It was the unanimous view of all the tribes from the Columbia River Basin that 
submitted comments on the draft EIS, including comments provided by the Upper 
Columbia United Tribes and Columbia River Inter-Tribal Fish Commission, that the 
Proposed Action will have unavoidable, significant and adverse impacts on tribal 
resources.  
 
With reduced tribal resources due to the Proposed Action, such as fish strandings from 
bulk carrier wakes, the loss of tribal resources would create damaging economic 
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reverberation throughout tribal economies. Many tribal households dependent upon 
subsistence fishing in the five tribes within the study area (Lumley, 2016), and tribal 
households in other parts of the Columbia River Basin where adult salmon populations 
would be reduced by subyearling mortality would have less food available to them. 
Tribal commercial fishers would experience reduced incomes, potentially dramatic 
income losses if fisheries had to be closed. These impacts would damage household 
food supplies and incomes as well as the income and expenditures in tribal 
communities. 
 
This analysis of Proposed Action impacts to tribal resources confirms an unavoidable 
significant adverse impact to tribal resources and potentially damaging reverberations 
throughout tribal communities. Additionally, the Proposed action would significantly 
increase in trains along Zone 6 where tribal members cross train tracks to access tribal 
resources. Tribal members have been hit and killed by trains (Iyall, 2016). Chapter 8 
provides an analysis estimating increased train fatalities in Washington State due to the 
Proposed Action. Although an estimate of the increased risk to tribal members and 
increase in tribal fatalities from train strikes could not be quantified, there would likely 
be increases in train strikes of tribal members and increased fatalities.  
 
Considering the constricted nature of the Lower Columbia River, the extent of Zone 6, 
and the large landscape geography of the Columbia River Basin which provides the scale 
of habitat for some of the world’s largest tribal resources of salmon, steelhead, 
sturgeon, lamprey, and smelt, some of which also include threatened and endangered 
ESUs, it would be difficult to choose any other location in North America that could have 
the same potential for adversely impacting this scale and value of designated tribal 
resources.  


10.5 Primary Data Sources  


• Millennium Bulk Terminals-Longview SEPA Environmental Impact Statement. Section 
3.5 on Tribal Resources (Cowlitz County and Ecology, 2017a).  


• Millennium Bulk Terminals-Longview SEPA Environmental Impact Statement. Section 
4.7 on Fish and its associated Technical Report (Cowlitz County and Ecology, 2017b 
and 2017c).  


• Tribal Comments Submitted for the Draft Millennium Bulk Terminals-Longview Draft 
SEPA Environmental Impact Statement. 


• All citations noted in the reference section of this chapter.  
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10.6 Opinion 
The FEIS states, "For the purpose of this FEIS, the term tribal resources refers to tribal 
fishing and gathering practices and treaty rights, specifically, the collective rights and 
access to traditional areas associated with a tribe’s sovereignty or formal treaty rights. 
These resources may include plants or fish used for commercial, subsistence, and 
ceremonial purposes” (Cowlitz County and Ecology, 2017a, pg. 3.5-1).    
  
The Confederated Tribes and Bands of the Yakama Nation, Confederated Tribes of the 
Umatilla Indian Reservation, Confederated Tribes of the Warm Springs, Cowlitz Indian 
Tribe and the Nez Perce Tribes have tribal resources that could be impacted by the 
Proposed Action. Proposed project construction and operations impacts including 
stranding by vessel wakes have been known to kill salmon and other tribal resource fish.  
  
The Proposed Action is located along the nearshore, within the floodplain, and in the 
channel of the lower Columbia River near Longview, Washington. The Columbia River 
Basin has had over $7 billion invested in salmon and wildlife restoration. In addition, 
there are over 150 restoration projects in the study area downstream of Bonneville 
Dam.  
  
Tribes in the Columbia River provided comments in the Draft EIS process and were 
universally opposed to the project stating their opinions that the project would damage 
tribal resources. Tribal resources are difficult or impossible to monetize and they were 
not monetized in this analysis.  
  
In addition, many tribal members fish in the Columbia River and access their fishing sites 
by crossing railroad tracks on the Washington State of the River. Tribal members will be 
delayed in reaching their fishing sites and in exiting from their fishing sites. Tribal 
members have been struck and killed by trains along the same route that the Proposed 
Action will increase train traffic along the Columbia River where study area tribes access 
their fishing sites. These private, informal and tribal fishing crossings were not modeled 
in the train strike analysis from this report. However, there will be an increased risk to 
tribal members who must cross train tracks to fish in the Columbia River from the 
Washington side, though this risk was not modeled.   
 
Opinion 1: Tribal Resources  
Although the impacts to tribal resources could not be specifically quantified, due to lack 
of data and the nature of tribal resources, it is my opinion that the Proposed Action 
presents unavoidable significant adverse impacts to tribal resources through wake 
stranding and other project construction and operational impacts and in reducing fish 
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populations, threatens a resource with vast value, including the effectiveness of billions 
of dollars in fish and wildlife restoration investments in the Columbia River Basin.     
  
Opinion 2: Tribal Resources  
It is my opinion, that under the Proposed Action the significant increases train traffic will 
delay tribal members’ access to 19 Congressionally established fishing sites on the 
Washington side of the Columbia River, and in addition to delays there will be an 
increased number of train strikes, injuries and deaths of tribal members crossing train 
tracks to access or return from fishing sites and tribal resources.   
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or as a result of the income that Earth Economics receives from this case.  
 
Earth Economics has received or will invoice for work on this case, $175,000 from the 
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Conclusion 
 
The Proposed Action would have a wide array of significant and unavoidable adverse 
impacts including many that cause significant economic damages. This analysis primarily 
focused on ten Proposed Action impacts. For nine of these impact areas, economic 
damages were calculated and are shown in the summation tables below. If successful 
mitigation actions were possible and implemented these calculated damages could be 
reduced.  
 
The Proposed Action would result in unavoidable air pollution emissions of hazardous 
particulates which would harm human health at the project site and along train routes 
resulting in higher mortality rates with economic damages that were estimated.   
 
The Proposed Action would result in land cover and riverine changes and the loss of 
valuable ecosystem services including water conveyance, water quality, water storage, 
habitat, disaster risk reduction, and other services. Some of these lost services could be 
monetized and are shown in the second row of the summation tables.  
 
The Proposed Action would result in greenhouse gas emissions and increased climate 
related economic damages which were estimated using methods and calculations 
adopted by federal, state, and local governments.  
 
The Proposed Action would result in increased train traffic including moderate and 
severe noise from trains and train horns along rail lines shown to cause increased heart 
attacks, strokes, dementia, annoyance and sleep disturbance, which have economic 
costs, some of which were estimated.  
 
The Proposed Action would increase train traffic, shown to lower property values, along 
the train route, which were partially estimated.  
 
The Proposed Action would cause vehicle delays on over 200 road crossing along the 
train routes through Washington State with significant and unavoidable costs, some of 
which were estimated.   
 
The Proposed Action would increase shipping congestion and risk of collisions, 
groundings and catastrophic accidents in the Lower Columbia River and a conservative 
cost of these accidents was estimated.  
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The Proposed Action would increase rail accidents and fatalities resulting in economic 
damages, some of which were estimated.  
 
The Proposed Action would cause additional impact and economic burdens on low-
income and minority communities. The added economic burden for three impacts were 
estimated.  
 
The Proposed Action would impact tribal resources, including salmon and other fish in 
the Columbia River. The Proposed Action would also delay tribal members from 
accessing some fishing sites on the Columbia River and increase train strikes causing 
injuries and death to tribal members accessing tribal resource in the Columbia River.  
 
This is a partial analysis. Many impacts that result in economic damages were not 
included. Health impacts, such as increased medical visits from asthma and their 
associated cost, were not included. Ecosystem services, such as shrub habitat, were not 
included. Increased train strikes that resulted in injuries, but not death, were not 
included, as well as other Project Action impacts resulting in economic damages.  
 
Calculated and summed at twenty and fifty years, significant and unavoidable economic 
damages would result if the Proposed Action is completed. Table 1 provides a sum of 
the damages across impact types, excluding tribal resource impacts, which were not 
quantified.  
 


The following tables summarize the damages across impact types at different temporal dimensions. Table 
1 provides a sum of the damages after twenty years.  


Table 1 provides a sum of the damages after fifty years. 
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Table 1. Estimated Economic Costs of Proposed Action across Ten Impact Areas, 
Cumulative Impacts after 20 years 


Impact area Discount Rate 


  0% 2.75% 


Health Costs and Air Quality Impacts  $385,852,000   $279,843,000   


Ecosystem Services  $31,676,000   $24,477,000   


GHGs Social Cost of Carbon – Washington  $496,280,000   $338,410,000   


Noise and Vibration Costs  $59,000,000   $43,000,000   


Property Value  $853,356,000   $651,946,000   


Vehicle Delays Costs  $301,645,000   $217,974,000   


Vessel Accidents  $63,754,000   $45,421,000   


Rail Safety  $645,564,000   $473,626,000   


Low Income and Minorities  $503,331,000   $364,903,000   


Fisheries and Tribal Resources  N/A  N/A  


Total Washington  $3,340,458,000   $2,439,600,000   


Rounded to the nearest thousand  


 


Table 1. Estimated Economic Costs of Proposed Action across Ten Impact Areas, 
Cumulative Impacts after 50 years 


Impact area  Discount Rate 


  0% 2.75% 


Health Costs and Air Quality Impacts  $1,182,108,000  $589,638,000  


Ecosystem Services  $76,926,000  $42,230,000  


GHGs Social Cost of Carbon – 
Washington  


$2,279,924,000  $989,480,000  


Noise and Vibration Costs  $161,169,000  $83,315,000  


Property Value  $2,799,788,000  $1,278,068,000  


Vehicle Delays Costs  $1,185,760,000  $549,876,000  


Vessel Accidents  $204,268,000  $100,550,000   


Rail Safety  $1,768,284,000  $914,097,000  


Low Income and Minorities  $1,713,610,000  $827,413,000  


Fisheries and Tribal Resources  N/A  N/A  


Total Washington  $10,112,803,000 $4,742,800,000  
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These tables, with all the data, studies and calculations supporting the results provide 
the basis for these final opinions.  


Opinion 1: Summation of Calculated Economic Damages 
In my opinion, in 20 years the economic damages resulting from the Proposed Action 
will be larger than $2.4 billion at a 2.75% discount rate or $3.3 billion at a zero discount 
rate. These values do not reflect additional significant harms resulting from the 
Proposed Action including the threat to, and loss of tribal resources, as well as tribal 
members impacted by increased delays to fishing sites, injury and death from train 
strikes while accessing tribal resource fishing sites on the Columbia River. 
 
Opinion 2: Summation of Calculated Economic Damages 
In my opinion, in 50 years the economic damages resulting from the Proposed Action 
will be larger than $4.7 billion at a 2.75% discount rate or $10.1 billion at a zero discount 
rate.   
 
Opinion 3: Upper Boundary of Economic Damages 
It is my opinion that these calculated economic damages resulting from the Proposed 
Action are significantly lower than the economic damages that would be experienced by 
Washington State citizens under the Proposed Action as many damages that would 
result from the project could not be fully quantified and monetized, for this reason I 
cannot estimate an upper boundary for total damages.  
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