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Abstract 
 
The vulnerability of the U.S. coastline to severe storms is clear in the wake of Hurricanes 
Katrina, Sandy, Ike, and Wilma, which collectively amounted to over $200 billion in 
economic loss (NOAA 2013). The Houston-Galveston region alone experienced more than 
$25 billion in economic loss from Hurricane Ike in 2008, despite the fact that the greatest 
impact missed the region and instead hit east of Galveston Bay (Severe Storm Prediction, 
Education and Evacuation from Disaster Center 2015, 12).  
 
Since that time, the Severe Storm Prediction, Education and Evacuation from Disaster 
(SSPEED) Center at Rice University has been studying hurricane surge damage reduction 
strategies under a grant from the Houston Endowment. The goal of this work is to develop 
and evaluate structural and nonstructural alternatives to create a plan capable of 
significantly reducing hurricane surge damages in the Houston-Galveston region. Part of 
that research includes understanding the availability of federal funding to implement such 
a plan, as well as the policies that may apply to these federal funding opportunities. In turn, 
this research has revealed some very interesting and evolving policy trends regarding water 
projects and federal risk reduction.   

 
This paper explores some of the policy issues that arise in the context of the geographic 
and spatial challenges presented by Galveston Bay surge flooding. First, the extent of the 
problem is described. Second, various potentially applicable federal statutes, executive 
orders, and regulations are examined. Third, several proposed solutions for reducing surge 
flooding in the region are described and evaluated in the context of the policy initiatives 
from Congress and the executive branch. Finally, some conclusions are drawn and 
recommendations are offered for future research and implementation.     

 

I. Overview of the Houston-Galveston Area Hurricane Surge Vulnerability 
 

The low-lying, western side of Galveston Bay is home to one of the largest refining and 
petrochemical complexes in the world. The area also includes more than 200,000 
residents as well as institutions such as NASA’s Johnson Space Center in Clear Lake. 
Hurricane Ike came ashore at the point where Galveston Bay connects with the Gulf of 
Mexico, meaning that the worst of the hurricane storm surge (the “dirty” side of the storm) 
affected the less developed areas east of Galveston Bay. Nonetheless, although the peak 
surge was only 12 to 14 feet above mean sea level in Galveston Bay (compared to east of 
Galveston Bay, where a surge as high as 17 feet occurred), Hurricane Ike generated 
significant storm surge in Galveston Bay (Figure 1) and caused major economic losses to the 
Bolivar Peninsula, the city of Galveston, and portions of the developed west side of the bay. 
For the most part, the industrial complex on the west side of Galveston Bay escaped serious 
damage due to the location of Ike’s landfall; most of the surge came ashore east of the bay. 
If the storm’s winds had been about 15 percent larger, with landfall further to the south (as 
the original forecast projected), it is estimated that the resulting storm surge would have 
reached 25 feet or higher in the Houston Ship Channel (about 12 feet higher than the actual 
surge during Hurricane Ike).   
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Figure 1:  Original path, Hurricane Ike, September 11, 2008, with modeled hurricane surge 
elevation in feet above mean sea level 
 

 
 

Source: The University of Texas Computational Hydraulics Group and the Severe Storm Prediction, 
Education and Evacuation from Disaster (SSPEED) Center, Rice University.   

 
 
Figure 2: Hurricane Ike +15 percent wind speed, landfall at San Luis Pass with modeled 
water levels   
 

 
 

Source: The University of Texas Computational Hydraulics Group and the Severe Storm Prediction, 
Education and Evacuation from Disaster (SSPEED) Center, Rice University.   
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It is difficult to imagine or overstate the extent of the economic loss and environmental 
damage associated with the storm as depicted in Figure 2. The area in the middle of the 
graphic illustrates lower flood levels within the Texas City hurricane levee system, which, 
along with the Galveston seawall, would have been overtopped by Ike and an additional 15 
percent wind speed had the storm made landfall at that location. The storm depicted in 
Figure 1 generated over $25 billion in damage with a surge of 12 to 14 feet. With a 25-foot 
surge, more than 2,000 oil and chemical storage tanks along the Houston Ship Channel 
would be inundated, and water would flood much of the production areas in most 
refineries and chemical plants. Some areas would be more than 10 feet under water. Work 
completed for the SSPEED Center indicates that a 22-foot surge would cause a spill of 
approximately 59 million gallons of crude oil and other chemical substances, and a 24-foot 
surge would cause approximately 90 million gallons of these substances to be emptied into 
adjacent neighborhoods and Galveston Bay (SSPEED Center, HGAPS report, 66). As a point 
of comparison, the Exxon Valdez spill released approximately 11 million gallons of oil 
(Exxon Valdez Oil Spill Council 2015), and the BP Deepwater Horizon spill released 
approximately 210 million gallons. In contrast to Galveston Bay, which is largely enclosed, 
both of those spills were in open waters. 
 
The damage caused by such an event would be devastating and could easily become the 
worst environmental disaster in U.S. history. The crude oil and hazardous substances 
stored on the Houston Ship Channel would be released into the Galveston Bay system, one 
of the country’s most productive fish and shellfish nurseries. Many of the flooded chemical 
plants and refineries would require extensive repairs to compressors, pumps, flanges, and 
other exposed equipment, and there would be vast damage to pipes and process units. A 
relatively shallow flood during Hurricane Ike shut down the Invista facility in Orange, 
Texas, for approximately three months, for example. The economic damage to the 
industrial complex from a 24-foot surge has been estimated by SSPEED Center to range 
from $37 billion to $73 billion, estimates that do not include damage to the natural 
resources in Galveston Bay (SSPEED Center, HGAPS report, 69). 
 
This is a major flood problem that represents a true national security threat. In order to 
solve this problem, state and local government resources will need to be combined with 
federal assistance of some type. Extensive federal aid was provided to New Orleans after 
Hurricane Katrina and to New York after Hurricane Sandy in order to construct protective 
infrastructure for those cities. And although many Texas politicians and citizens tend to 
oppose involvement from the federal government in local matters, it is likely that the 
Houston-Galveston community will need to look to the U.S. Army Corps of Engineers for 
help in designing and constructing a future hurricane surge defense system. In the context 
of this likely need for federal funding and assistance, it is important for the region, as well 
as other areas of the United States facing similar risks, to better understand the federal 
policies emerging at this time. Such is the goal of the policy analysis presented herein.   
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II. Legal Issues Associated With Seeking Federal Financial Assistance 
 
Given the need to design and implement solutions to local problems, the legal 
requirements of the federal government often are not at the top of community concerns. 
However, applicable federal laws and the policies they advance can be critical to 
determining whether a particular solution can be implemented in at least two aspects. First, 
they provide the key to gaining cooperation from the federal government in providing 
funding. Some legal requirements become less important if federal funding is not needed, 
but if federal money is sought, certain realities accompany that money. Second, but just as 
important, to the extent that a selected alternative is considered undesirable by particular 
stakeholders, federal laws and policies present an opportunity for legal action to prevent 
the implementation of the alternative or force design changes to comply with federal 
requirements.   
 
There are several federal environmental laws that are generally applicable to any request 
for federal financial assistance. First, federal money for a major hurricane abatement 
system most likely would be funded in one way or another through provisions of the 
Water Resources Development Act (WRDA). Under WRDA’s aegis, new principles, 
requirements, and guidelines (PR&Gs) recently have been promulgated that promise 
revised federal requirements for funding such projects. Second, the National 
Environmental Policy Act of 1969 (NEPA) and its requirements for the consideration of the 
environmental and socio-economic impacts of proposed projects must be considered. 
Third, the Obama administration has amended Executive Order 11988 (Floodplain 
Management) to set new climate change policies for federal projects located in flood plains 
or intended to reduce flood damages. Fourth, the provisions of the Endangered Species Act 
and the Clean Water Act 404(b)(1) Guidelines must be satisfied. Finally, there is the 
Magnuson–Stevens Fisheries Conservation and Management Act. These laws and 
regulations will be discussed sequentially. 
 
A. Water Resource Development Act of 2007: Federal Principles and Guidelines 
Among the most important federal provisions applying to the qualification of a project for 
federal funding are the WRDA’s Principles and Guidelines for Water and Land Related 
Resources Implementation Studies (PR&G). Since their issuance in 1983 by the Reagan 
administration, the Principles and Guidelines have been the key to federal evaluation of 
proposed navigation, storm resilience, wetland restoration, and flood prevention projects. 
The 1983 PR&G applied to water and related land resource implementation projects 
conducted by four agencies: the U.S. Army Corps of Engineers (the “Corps”), the U.S. 
Bureau of Reclamation, the U.S. Department of Agriculture Soil Conservation Service (now 
the Natural Resources Conservation Service, or NRCS), and the Tennessee Valley 
Authority. The 1983 PR&G were primarily focused on the economic requirements for 
obtaining federal funds.  
 
As part of the 2007 WRDA, Congress required the Secretary of the Army to revise the 
PR&G for use by the Corps (42 U.S.C. § 1962-3). In part to promote consistency among 
federal water planners, the Obama administration in 2009 tasked the Council on 
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Environmental Quality (CEQ) with updating the PR&G for use by other agencies engaged 
in water resources planning (CEQ 2015). NEPA created the CEQ, which is a division within 
the Executive Office of the President that coordinates federal environmental efforts and 
works closely with agencies and other presidential offices to develop environmental 
policies and initiatives. The CEQ also supervises federal agency implementation of the 
environmental impact assessment process under NEPA. The revision of the PR&G has 
been a major policy initiative of the Obama administration. 
 
Previously, the 1983 PR&G listed only one objective: “To contribute to national economic 
development consistent with protecting the nation’s environment” (Water Resources 
Council 1983, iv). National economic development was defined as “increases in the net 
value of the national output of goods and services, expressed in monetary units” (Water 
Resources Council 1983, iv); an account tracking this metric was required under the 1983 
PR&G. Accounts tracking alternative measures of value, such as environmental quality 
(“nonmonetary effects on significant natural and cultural resources”) or other social effects 
(“plan effects from perspectives that are relevant to the planning process, but are not 
reflected in the other three accounts”), were recommended but not required. In some 
respects, the 1983 PR&G’s primary reliance on economics set up a conflict between WRDA 
compliance and the requirements of other environmental laws, which were not primary 
considerations during the PR&G’s development. 
 
In contrast, WRDA 2007 maintains a focus on economic growth but expands the legislative 
goals. Congress included in WRDA 2007 a number of objectives for federal water resource 
investments and specified certain concepts by which to seek them; these objectives are 
included in the revised PR&G. Specifically, Congress sought to ensure that federal 
investments in water resources encourage economic development, protect the 
environment, and reflect national priorities (42 U.S.C. § 1962-3). The mention of national 
priorities may be a nod to energy independence, the need for climate change mitigation or 
adaptation, cultural changes, or national security considerations. At a minimum, however, 
WRDA 2007 integrates economic criteria with environmental and social aspects of national 
policy.  As such, it can be viewed as an attempt by Congress to implement the “three-
legged stool” of sustainability thinking and policy. 
 
The 2007 WRDA mandated three guiding strategies to ensure that federal investments in 
water resources achieve the objectives described above. These strategies are: (1) seeking to 
maximize sustainable economic development; (2) seeking to avoid the unwise use of 
floodplains and flood-prone areas and minimizing adverse impacts and vulnerabilities in 
any case in which a floodplain or flood-prone area must be used; and (3) protecting and 
restoring the functions of natural systems and mitigating any unavoidable damage to 
natural systems (42 U.S.C. § 1962-3). These required strategies emphasize the continuing 
importance of the economy but also underline the priority being placed on the 
environment and, indirectly, indicate a new valuation of natural systems and features as 
infrastructure perhaps best left unmodified by humans. This regard for natural or 
nonstructural solutions is carried throughout the revised PR&G. 
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As of 2015, the revised PR&G consist of three chapters, each of which provides 
progressively greater detailed guidance regarding how agencies1 should conduct analyses of 
potential federal investments. The first and second chapters of the Principles and 
Requirements (also called Principles and Standards) were issued in final form in March 
2013. These chapters provide broad policy and principles to guide investment as well as 
high-level requirements for decision-making processes. The third chapter, the Interagency 
Guidelines, was promulgated by the CEQ in December 2014 and is intended to provide 
guidance on the applicability of the PR&G and a more detailed methodology for 
conducting implementation studies. Agency Specific Procedures have not yet been 
released but are forthcoming. 
 
Chapter 1 of the revised PR&G lists six broad guiding principles the federal government 
seeks to advance through strategic investment in water resources as well as an array  
of requirements for these investments. These principles, in no particular order or  
ranking, are:  

1. Protection and restoration of healthy and resilient ecosystems; 
2. Encouragement of sustainable economic development;  
3. Avoidance of unwise use of floodplains and flood-prone areas and minimized 

adverse impacts and vulnerabilities; 
4. Avoidance, reduction, and mitigation of threats to public safety; 
5. Fair treatment of all people regardless of race, color, national origin, or income with 

respect to development, implementation, and enforcement of environmental laws 
(i.e. environmental justice); and  

6. Use of a watershed approach to analysis, decision-making, and solution design. 
 
The first three principles listed here, of course, parallel quite closely the three strategies 
mandated by WRDA as part of the federal objective. However, because it represents a 
marked change, it is important to note the revised PR&G’s focus on ecosystems and an 
ecological services approach, which aims to capture all the effects (economic, 
environmental, and social) of the investment or project. Ecological services (often called 
ecosystems services) are the benefits that humans obtain from ecosystems, such as carbon 
sequestration by wetlands or water filtration and fish habitat provided by oyster reefs. Key 
to achieving ecosystem health is the mitigation hierarchy: where possible, damage to the 
environment by a project should first be avoided, then minimized as much as possible and, 
if unavoidable, mitigated.  
 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
1 In addition to the four agencies to which the 1983 PR&G applied (described above), the revised 
PR&G apply to the Environmental Protection Agency, and the Departments of Commerce, the 
Interior, Agriculture, and Homeland Security (Federal Emergency Management Agency) (Principles 
and Requirements, p. 1). 
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Chapter 2 contains a list of requirements designed to support the guiding principles for 
federal investments in water. These requirements are “inputs to alternative plans, 
programs, designs, strategies, or actions that should be incorporated into analyses for 
federal investment” (CEQ 2013, 2). They are intended to supplement requirements 
contained in other laws (such as NEPA) and are designed to be integrated with those laws to 
create a single decision document that fulfills their collective requirements and any other 
applicable processes (CEQ 2013, 6). The PR&G requirements mandate that potential 
federal investments be evaluated in a transparent and collaborative manner with other 
federal agencies and stakeholders, using a common framework and methods, the best 
available science, and the proper level of detail. The analysis must identify and consider 
areas of risk and uncertainty, fresh water availability, nonstructural approaches, 
international concerns, and design alternatives. The public benefits of the selected projects 
must outweigh the costs, and the basis for selecting the plan must be fully reported and 
documented. 
 
In general, the principles and requirements laid out in the revised PR&G mark a clear 
change in direction and an expansion of objectives relative to past guidance from the 
federal government. As discussed above, prior federal guidelines gave much greater weight 
to economic factors. The 1983 PR&G emphasized national economic development gains 
and narrowly focused on the benefit-cost comparison of monetized effect. The updated 
PR&G call for greater integration of non-monetized and unquantified effects. 
Characteristics of the updated policy include:  

1. The maximization of public benefits relative to costs;  
2. The use of both quantified and unquantified information;  
3. Broader agency application to allow for integration and better coordination across 

the federal government;  
4. Flexibility in decision-making to reduce burdens and promote freedom of choice;  
5. Use of the best available science, and  
6. The use of a peer-review process in the policy design (CEQ 2013, 2-3).  

 
These factors will weigh more fully in the analysis and are likely to lead to social benefits.  
 
The revised PR&G contain explicit language recognizing the shift in priorities underlying 
the guidance and describes the rationale behind the change:  

 
Heretofore, federal investments in water resources have been mostly based on 
economic performance assessments, which largely focus on maximizing net 
economic development gains and typically involve an unduly narrow benefit-
cost comparison of the monetized effects.…As a result, decision-making 
processes are, at this point in time, unnecessarily biased towards those 
economic effects…A narrow focus on monetized or monetizable effects is no 
longer reflective of our national needs, and from this point forward, both 
quantified and unquantified information will form the basis for evaluating and 
comparing potential federal investments in water resources to the federal 
objective (CEQ 2013, 6). 
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The new approach recognizes the interconnected nature of the effects that human activity 
can have on the environment, as well as nature’s value to humankind. The direction of the 
changes generally indicates the increasing importance the federal government has placed 
on environmental protection, a more complete approach to understanding and analyzing 
ecosystems and the environment, the decentralization of decision-making, and increased 
participation by stakeholders of all types.  
 
The Interagency Guidelines—Chapter 3 in the PR&G—direct applicable federal agencies to 
develop procedures for analyzing potential federal investments. Analyses may require 
project-level procedures and program-level procedures or, in some cases, proposed 
investments may be exempt from the analysis requirement. Excluded actions activities can 
include regulatory actions (including permits under sections 402 and 404 of the Clean 
Water Act, consultations under the Endangered Species Act, or requirements under the 
Safe Drinking Water Act); research or monitoring actions that do not result in permanent, 
site-specific actions; emergency action taken to remove an immediate danger to public 
health and safety or the threat of imminent harm to property or the environment; and 
initiatives that meet agency criteria for exclusion or fall below certain monetary thresholds.  
 
Once an agency determines that analysis under the PR&G is appropriate, the agency has 
discretion to apply the level of analysis “commensurate to the nature of the water resources 
investment and sufficient to inform the decision-making process efficiently and 
effectively” (CEQ 2014, 6). A project-level analysis is appropriate for investments for which 
an agency has discretion in designing site-specific investment decisions; these analyses 
tend to require greater detail and focus on a narrower scope or scale. In contrast, a 
programmatic-level analysis is more suited to grant or funding programs; the scale and 
scope will likely be greater and the level of detail broader. For instance, an agency may 
fund project-level activities but have limited discretion in designing the site-specific 
alternatives, or it may fund another entity to issue grants or execute a project. 
 
The U.S. Army Corps of Engineers is the agency most likely to be involved in any federal 
participation in surge damage reduction projects, and the agency’s obligations under the 
revised PR&G are the source of some controversy. The 1983 P&G were written by the 
Corps, and the Corps has been the primary proponent of navigation and flood protection 
projects over the past several decades.  
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Although language as recently as 2014 indicated that the Corps was expected to comply 
with the new CEQ-issued PR&Gs, a recent report by the Congressional Research Service 
interprets an explanatory note in the Energy and Water Appropriations Act of 2015 as 
prohibiting the Corps from spending any federal appropriations on the implementation of 
the new guidelines (Carter and Stern 2015).2 Instead, the report concludes that the Corps is 
still operating under the 1983 P&G (Carter and Stern 2015, 9). Such controversy is not 
surprising, as the Corps has enjoyed a strong and direct relationship with Congress for 
decades, while the current administration and Congress are often at odds. While it is clear 
the Obama administration’s objective is for ecological services to be fully considered in 
federal infrastructure planning, the Corps’ obligation to comply is not clear. However, it 
seems reasonable that over time there will be continued interest and focus on the 
ecological aspects of proposed water development projects. 
 
B.  National Environmental Policy Act (NEPA) 
Congress has required consideration of the environmental impacts of federal projects since 
the enactment of NEPA in 1969, yet it remains controversial and difficult for many 
agencies and project designers. Although NEPA jurisprudence and policy requirements 
have existed for decades, there are new implementation challenges that will emerge in light 
of the revised PR&G.  
 
NEPA requires the consideration of environmental and socio-economic issues in agency 
decision-making, as well as the development of a document—the environmental impact 
statement (EIS) or environmental assessment (EA)—to inform decision-makers about the 
environmental and social consequences of a proposed action.  The core value underlying 
NEPA is full and fair evaluation of the environmental, economic, and social aspects of 
proposed federal actions, using the best available scientific and engineering information. 
NEPA is different from most environmental laws in that it does not require any particular 
outcome other than full and fair consideration of impacts and alternative courses of action 
as set forth in the EIS. This is in contrast to other laws such as the U.S. Endangered Species 
Act, which requires protection for species listed as endangered or threatened under various 
provisions.  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
2 The explanatory note in the House Congressional Record reads: “Concerns persist that the effort to 
update the Water Resources Principles and Guidelines is not proceeding consistent with the language 
or intent of section 2031 of the Water Resources Development Act of 2007. No funds provided to the 
Corps of Engineers shall be used to develop or implement rules or guidance to support 
implementation of the final Principles and Requirements for Federal Investments in Water 
Resources released in March 2013. The Corps shall continue to use the document dated March 10, 
1983, and entitled ``Economic and Environmental Principles and Guidelines for Water and Related 
Land Resources Implementation Studies'' during the fiscal year period covered by the Energy and 
Water Development Appropriations Act for 2015. If Interagency Guidelines for implementing the 
March 2013 Principles and Requirements are finalized, the Corps shall be ready to report to the 
appropriate committees of Congress not later than 120 days after finalization on the impacts of the 
revised Principles and Requirements and Interagency Guidelines. The Corps shall be prepared to 
explain the intent of each revision, how each revision is or is not consistent with section 2031 of the 
Water Resources Development Act of 2007, and the probable impact of each revision on water 
resources projects carried out by the Secretary including specific examples of application to at least 
one project from each main mission area of the Corps” (U.S. House of Representatives 2014, 9648). 
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NEPA has always emphasized the consideration of alternatives. According to CEQ 
regulations (40 CFR § 1500 et seq.), the analysis of alternatives is the “heart” of the 
environmental impact statement (see 40 CFR § 1502.13). Here, the premium is upon 
alternative ways of achieving project purposes. Nonstructural alternatives offer 
fundamentally different ways of meeting project purposes than do structural alternatives, 
and they must be developed and evaluated alongside and within such structural 
alternatives. At a minimum, this alternative analysis process will be required by the federal 
courts, if not the federal agencies, as part of procedural compliance with NEPA. 
 
NEPA requirements other than the EIS will also apply, including those in Section 102(2)(B). 
This section is particularly interesting in the context of the CEQ’s revised PR&Gs. Consider 
the following: 

 
Sec. 102. The Congress authorizes and directs that, to the fullest extent 
possible:  
 
(2) all agencies of the Federal Government shall— 
 
(B) identify and develop methods and procedures, in consultation with the 
Council on Environmental Quality established by title II of this Act, which will 
insure that presently unquantified environmental amenities and values may be 
given appropriate consideration in decision-making along with economic and 
technical considerations … 

  
Section 102(2)(B) has never been fully implemented due to, among other things, a lack of 
tools to assist in determining “presently unquantified environmental amenities and values.” 
However, the last two decades have seen rapid growth in the research and understanding of 
ecosystem services, including work that considers how to value these services monetarily. 
“The Value of the World’s Ecosystem Services and Natural Capital,” the seminal work by 
Costanza et al. (1997), galvanized the investment of financial and human resources into 
developing the ability to quantify the monetary value of ecological services and 
environmental harm. The revised PR&G reflect the advancement in metrics and now 
require these concepts to be applied in project design, a change that perhaps updates and 
modernizes the thought expressed in 1969 when Section 102(2)(B) of NEPA was first 
enacted. 
 
Another interesting issue is the role of NEPA’s disclosure requirements in the 
implementation of the PR&Gs. NEPA has always been about bringing information together 
in one place to fully disclose and explain the decision-making process relative to evaluating 
and selecting an alternative. Therefore, while the PR&G are described as non-binding, they 
may inform and influence full disclosure and alternative development under NEPA, as well 
as help actors achieve full compliance with Section 102(2)(B). 
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C. President Obama’s Executive Order No. 13690 Revising Executive Order No. 11988 
Executive Order 11988 was issued on May 24, 1977, setting forth the executive branch’s 
policy with regard to development in floodplains and flood-prone areas. On January 31, 
2015, the Obama administration amended the order, significantly changing the evaluation 
of federal resilience-related projects across the United States. Among other things, the 
revision to EO 11988 brings climate change information to the forefront in identifying the 
level of environmental protection to be provided for and by various federal projects. The 
key change comes from a redefinition of the term “floodplain” in Section 3(c) of the order:   

“The floodplain shall be established using one of the following approaches: 

(1) Unless an exception is made under paragraph (2), the floodplain shall be: 

“(i) the elevation and flood hazard area that result from using a climate-
informed science approach that uses the best-available, actionable hydrologic 
and hydraulic data and methods that integrate current and future changes in 
flooding based on climate science. This approach will also include an emphasis 
on whether the action is a critical action as one of the factors to be considered 
when conducting the analysis; 

“(ii) the elevation and flood hazard area that result from using the freeboard 
value, reached by adding an additional 2 feet to the base flood elevation for 
non-critical actions and by adding an additional 3 feet to the base flood 
elevation for critical actions; 

“(iii) the area subject to flooding by the 0.2 percent annual chance flood; or 

“(iv) the elevation and flood hazard area that result from using any other 
method identified in an update to the FFRMS (Federal Flood Risk 
Management Standard).” 

Due to the recent vintage of the executive order revision, it is difficult to predict the 
revised executive order’s impact on flood management projects. The revision represents a 
shift in federal thinking about flood plains and flood abatement design. Central, however, 
is the addition of climate science to the definition of the 100-year flood plain. Most 
analyses indicate that severe storms will become even more severe over time as a result of 
climate change and rising sea level. Adding these considerations to the base flood 
determination is likely to have a major impact on the design of alternatives. It seems more 
likely than not that the elevation of flood damage reduction structures will be several feet 
higher under these revised standards. In particular, a surge gate where the 100-year flood 
level is 19 feet (with waves) would likely be required to be built to a minimum of 22 feet, 
with the potential for even higher elevations, based on a projected 500-year flood level of 
more than 22 feet.   
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Another important change to the executive order is the following additional language to 
Section 2(a)(2): “Where possible, an agency shall use natural systems, ecosystem processes, 
and nature-based approaches when developing alternatives for consideration.” This again 
underscores the executive branch’s interest in ecosystem processes and nature-based 
approaches. At a minimum, the executive branch appears to be coordinated in its approach 
to ecosystem preservation and resilience thinking. 
 
D.  Endangered Species Act of 1973 
The Endangered Species Act of 1973 (ESA) is a mature environmental law, having survived 
substantial controversy for more than 42 years. The ESA is powerful, and either the 
existence of a federal nexus or the potential to “take” a listed species will subject a project to 
its requirements. Federal nexus occurs when a project involves federal funding, a federal 
permit or approval, use of federal lands, or a federal program. Under Section 7 of the ESA, 
no federal agency may undertake any action that would “jeopardize” the continued 
existence of a [listed] species. Even if a project does not have a federal nexus, it may be 
subject to the law’s restrictions. Under Section 9, no person may “take” an endangered 
species. “Take” is defined very broadly, including “harm,” among other things. The 
presence of a listed (or potentially listed) species offers project opponents myriad options 
for impeding the planning, permitting, and execution of the project. Over the years, 
various water-related projects have been either slowed or stymied by the ESA. 
 
E.  Section 404(b)(1) Guidelines 
Section 404 of the Clean Water Act requires that a permit be obtained from the Corps of 
Engineers prior to the discharge of dredged or fill material into waters of the United States 
(33 U.S.C. § 1344). It is likely that most structural alternatives for reducing flood damage 
will be subject to this provision if undertaken by local or state governments or private 
parties. If the Corps of Engineers undertakes the action, the Corps self-certifies its 
compliance with these guidelines. Either way, these guidelines are very strong, binding 
regulations. 
 
The 404(b)(1) Guidelines were issued by the U.S. Environmental Protection Agency (EPA) 
and are binding on all Corps actions regarding the discharge of dredged or fill material (40 
C.F.R. § 230 et seq.). Although the guidelines focus upon protection of wetlands and other 
special aquatic sites, the regulations also apply more generally to discharges into the 
aquatic environment. Under the guidelines, no permit may be issued if there is a 
practicable alternative that causes less damage to the aquatic environment (40 C.F.R. § 
230.10(a)). Similarly, no permit may be issued if significant degradation to the nation’s 
waters would occur as a result of that action or if all practicable mitigation is not being 
implemented (40 C.F.R. § 230.10(c)). Additionally, detailed fact-findings and analyses are 
required under these regulations (40 CFR § 230.11 and 230.12).  
 
In general, a study of the intent and substance of the 404(b)(1) guidelines reveals that 
projects designed to reflect aquatic ecology and ecosystem services likely would have a 
much better chance of passing muster. The guidelines are framed throughout as applicable 
and critical to aquatic ecosystems. Reference after reference indicates the importance of 
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the holistic systems and of certain, specific aspects of the systems that are intended to be 
protected, i.e., biodiversity, stability, and productivity. In particular, extensive analysis is 
dedicated to considering the “value” of aquatic ecosystems and the potential impacts to that 
value that may result from human activity. 
 
F.  Magnuson-Stevens Fishery Conservation and Management Act of 1996 
Yet another law that may enter into a discussion of proposed solutions to mitigate 
hurricane damages is the Magnuson-Stevens Fishery Conservation and Management Act 
(FCMA). This law is primarily known for creating Fishery Management Councils for most 
oceans and major seas surrounding the United States, including the Gulf Coast Fishery 
Management Council. Fishery Management Councils have jurisdiction over the taking of 
fish from federal waters. The Gulf Coast Fishery Management Council manages fishery 
resources from where state waters end, out to the 200-mile limit of the Gulf of Mexico (16 
U.S.C. § 1852). However, there are other, lesser-known provisions of the FCMA that may be 
important in any review of major structural alternatives affecting bays or estuaries. 
 
Protection of essential fish habitat was added to the FCMA in 1996. Essential fish habitat is 
defined as “those waters and substrate necessary to fish for spawning, breeding, feeding, or 
growth to maturity” [16 U.S.C. § 1802(10)]. At this time, all bays along the Texas coast have 
been designated as essential fish habitat. The FCMA provides for consultation on actions 
that impact essential fish habitat. Specifically, federal agencies must consult with the 
Secretary of Commerce regarding “any action authorized, funded, or undertaken, or 
proposed to be authorized, funded, or undertaken” that may adversely affect essential fish 
habitat [see 16 U.S.C. § 1855(b)]. And while this requirement may not involve more than 
coordination, it does raise a point of interest germane to a discussion of alternatives for 
protecting the Galveston Bay shoreline, given that Galveston Bay is one of the most 
productive estuaries in the United States for fish and shellfish. 
 

III. The Alternative Solutions 
 
Researchers at Rice University’s SSPEED Center and Texas A&M University at Galveston 
(TAMU Galveston) have identified potential structural and nonstructural solutions to the 
storm surge problem, along with positives and negatives for each of the alternatives. In this 
section, three potential structural alternatives and four possible nonstructural alternatives 
will be discussed in relation to the laws discussed in Section II, with a particular focus on 
how the laws may affect the design, if not the choice, of alternatives.  
 
Initial modeling of storm events leads to the conclusion that the bulk of the storm surge 
enters Galveston Bay primarily along the conduit provided by the Houston Ship Channel. 
Therefore, a key damage-reduction concept is to block the movement of surge flow up the 
channel by placing large, navigation-friendly gates across the ship channel. Three potential 
gate locations have been identified: (1) at Bolivar Roads between Galveston Island and the 
Bolivar Peninsula (the “Lower Bay Solution”); (2) adjacent to Eagle Point at San Leon (the 
“Mid-Bay Solution”); and (3) at the mouth of the Houston Ship Channel near the Fred 
Hartman Bridge on SH 146 (the “Upper Bay Solution”). Each of these gates would require 
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associated structures to ensure that they achieve their purpose of reducing flood-surge 
damage. The three alternatives are described in greater detail below. Information to 
support the statements in this section comes from the annual report of the SSPEED  
Center to the Houston Endowment, which may be accessed online at 
http://sspeed.rice.edu/sspeed/. 
 
A. Structural Solutions 
The following section discusses the three structural solutions that have been developed by 
the SSPEED Center. The alternatives are followed by a short description of potential legal 
issues that would affect their implementation.   
 
1. The Lower Bay Solution 
The Lower Bay Solution is a modification of a proposal originally developed by Dr. Bill 
Merrell of TAMU Galveston shortly after Hurricane Ike.3 The SSPEED alternative involves 
installing a navigational gate structure across the Houston Ship Channel and constructing 
about 10,000 feet of additional environmental gate structures to block off the remaining 
portion of Bolivar Roads that is not part of the navigational ship channel. The Lower Bay 
Solution proposes the construction of a continuous barrier, (such as a levee system, sand 
dune structures, or elevated roads but at an elevation lower than 17-feet), on both Bolivar 
Peninsula and West Galveston Island. The proposal also includes a backside levee around 
the majority of the City of Galveston connected to an elevated Galveston Seawall and, if 
needed, could include a gate across San Luis Pass and levees inland connecting to higher 
elevations north of the Gulf Intracoastal Waterway (GIWW). The last option would depend 
on whether the movement of surge around the end of the dike emerges as an important 
element of damage reduction. 
 
Initial storm surge modeling of Hurricane Ike with an additional 15 percent increase in 
wind speed and landfall at point P7 with the Lower Bay Solution in place indicated 
substantially lower flood elevations relative to those shown in the baseline scenario. 
However, some residual surge was observed within the bay due to the strong winds moving 
across the open bay waters. Therefore, the SSPEED Center evaluated various in-bay 
alternatives in addition to the coastal barrier system to address this issue and found that an 
expansion of the existing disposal containment berms along the Houston Ship Channel 
would better protect the west side of Galveston Bay. This in-bay component was therefore 
included as part of the Lower Bay Solution. The revised Lower Bay Solution was modeled 
and compared to the baseline condition, as shown in Figure 3. The solution as modeled 
does not include the gate across San Luis Pass or the lateral extensions inland across the 
GIWW.  
 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
3 Dr. Merrell’s proposal, named the “Ike Dike,” called for the construction of a 17-foot-tall barrier 
from San Luis Pass at the western end of Galveston Island to High Island at the eastern end of Bolivar 
Peninsula, which would connect to the existing 17-foot-tall Galveston Seawall. The proposal also 
included gate structures across Bolivar Roads, the opening between the island, and the peninsula that 
is the major connection between the bay and the gulf. 
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The Lower Bay Solution is currently projected to cost about $7.6 billion (SSPEED Center 
2015, Table 7-5) This cost is likely to increase to some extent as the design of the 
“environmental gate” across Bolivar Roads is refined to minimize potential impact to the 
aquatic environment and fisheries that could result from blocked bay water circulation and 
migratory pathways through Bolivar Roads.  
 
2. The Mid-Bay Solution 
A second alternative the SSPEED Center developed is the so-called Mid-Bay Solution. This 
alternative is the same as the Lower Bay Solution, except that instead of constructing the 
gate structures across Bolivar Roads, it involves constructing a gate structure across the 
Houston Ship Channel near Eagle Point, with connections to the Texas City levee on the 
west and to the dredge containment system along the east side of the ship channel, which 
ultimately connects Atkinson Island with the mainland of Chambers County near Houston 
Point. All levees within the bay are proposed to be constructed to 25 feet of elevation, and 
the Texas City levee also would need to be raised to this height. This alternative includes 
elevating FM 3005 on Galveston Island and US 87 on the Bolivar Peninsula and 
constructing a backside levee to protect the City of Galveston. Additional refinements 
could include elevating the sea wall beyond its current 17-foot elevation.    
 
As shown in Figure 3, the Mid-Bay Solution offers somewhat less protection for much of 
Galveston Bay than does the Lower Bay Solution, but does provide the same high level of 
protection to the industrial and residential areas of eastern Harris and Galveston counties. 
The estimated cost is much lower, at about $2.8 billion. Though still expensive, this 
alternative could potentially be funded with local bonds. As with the Lower Bay Solution, 
the details of this alternative have not yet been fully developed. However, the immense 
cost difference is primarily due to the need in the Lower Bay Solution for the 
“environmental gate” at Bolivar Roads, which is not required for the Mid-Bay Solution as 
proposed. 
 
3. Upper Bay Solution 
The Upper Bay Solution is similar to the other two alternatives, except that it includes a 
navigational gate structure located near the Fred Hartman Bridge and connected to a levee 
extending into the western mainland of Chambers County and into eastern Harris County 
immediately south of the Barbours Cut Container Terminal at Morgan’s Point. A form of 
this alternative was initially proposed by the SSPEED Center as the so-called Centennial 
Gate. This original alternative would have provided excellent protection for the Houston 
Ship Channel, but received substantial criticism for only protecting industry and citizens 
upstream of the gate and adjacent to the ship channel. The option offered little-to-no 
protection for the Bayport, Clear Lake, and northern Galveston County communities 
adjacent to Galveston Bay. Figure 3 shows the model results of the Upper Bay Solution as 
compared to the other solutions and the baseline condition.   
 
The cost of the Upper Bay Solution is similar to that of the Mid-Bay Solution, with 
construction costs estimated to be approximately $2.8 billion. This alternative also could 
potentially be built with local funding. 
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Figure 3 illustrates the three hurricane abatement strategies evaluated by the SSPEED 
Center and their resulting protection and inundation. 
 
Figure 3: Comparative protection offered by the Upper Bay, Mid-Bay, and Lower Bay 
solutions from the Baseline Storm (Ike + 15% making landfall at point 7 near San Luis Pass) 
 

 
Source:  SSPEED Center Annual Report to Houston Endowment.   

 
 
4. Comparison of Costs and Benefits of Alternatives 
The SSPEED Center has undertaken an initial analysis of costs and benefits associated with 
the alternatives and they all review well.  The major difference is in the construction cost of 
the alternatives, with the Lower Bay Solution costing at least $5 billion more than the other 
two alternatives. From a benefit standpoint, all three alternatives offer significant industrial 
benefits and both the Mid-Bay Solution and Lower Bay Solution offer significant 
residential protection as well.  Table 1 summarizes the cost analyses for each alternative.  
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Table 1:  Comparison of Cost Estimates for Alternative Proposals  
 

 
Source: SSPEED Center Annual Report. 

 
 
5. Legal Aspects of the Structural Alternatives 
At a minimum, NEPA requires that each of these alternatives must be fully evaluated to 
determine their environmental impact generally, as well as specific impacts upon the 
aquatic environment. Here, the key difference among the three alternatives will be the 
impact on bay circulation and fish and shellfish migration. Bolivar Roads is a heavily used 
migratory pathway and is the central point for tidal exchange between the Gulf and the 
bay. The design of the navigation and environmental gates for the Lower Bay Solution, as 
well as the analysis of the impacts of these structures, is key. The same is true of the Mid-
Bay Solution, with the major difference being that the primary corridor for tidal exchange 
and migration is left unimpeded, and the obstruction affects less of the bay area. 
Nonetheless, the Mid-Bay Solution also will require a rigorous environmental evaluation of 
circulation and fishery impacts. The Upper Bay Solution will have some potential 
environmental impacts but generally affects less of the bay than either of the other 
alternatives.   
 
Other laws described above may also be applicable due to the potential impact of the 
proposed structures on the bay’s natural structure. The aforementioned effect on bay 
circulation and fish and shellfish migration will also be important to understand in light of 
the essential fish habitat provisions of the FCMA. With regard to endangered species in the 
region, one key concern is the impact to beaches and bay shorelines. The Kemp’s ridley sea 
turtle uses these areas for nesting, while piping plover also forage in this region. Any 
impacts to these areas must be evaluated under Section 7 of the ESA, as well as any 
obstruction of the turtles’ movement from the Gulf to the bay to feed on blue crabs.  
Further, if “harm” results to any of these species, legal action could be initiated for a “take” 
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of an endangered species as well.  And, for any chosen alternative that involves the 
discharge of dredged or fill material and thus requires the issuance of a permit under 
Section 404 of the Clean Water Act, compliance with the 404(b)(1) Guidelines will require a 
showing that there is no practicable alternative that causes less damage to the aquatic 
environment and that the project will not cause significant degradation to the nation’s 
waters.   
 
One of the key unknowns is how the provisions of WRDA 2007 and EO 11988 as modified 
by EO 13690 will affect design decisions. The new regulations under WRDA elevate the 
consideration of nonstructural alternatives and ecological services in evaluating alternative 
solutions. It remains to be seen how the federal agencies with implementation authority 
will apply these new provisions. However, below are some design concepts that begin to 
address certain of these issues.  
 
B. Nonstructural and Ecological Service-Based Alternatives 
Most natural areas in this part of the Texas coast can survive inundation and recover, 
demonstrating a resilience that could guide thinking regarding nonstructural alternatives. 
For the most part, these lands are used for farming and ranching, and these landowners are 
searching for innovative ways to improve cash flow. The SSPEED Center has been working 
to develop alternatives to generate income for landowners who restore and maintain their 
low-lying lands to create ecological service value. Regulatory approaches that might be 
useful in other areas of the United States, such as open space zoning, are simply not 
politically feasible on the Texas coast at this time and have not been pursued by the 
SSPEED Center.  
 
The SSPEED Center has looked to the market system to develop a proposal for buying and 
selling ecological services. A market for ecological services is emerging in the business 
community as well as in society generally. It is not a question of “if” this market will 
develop, but rather “when.” Through the development of the Texas Coastal Exchange 
(TCX), the SSPEED Center hopes to create an online transaction system that will connect 
buyers and sellers of ecological services. As previously described in Section II, ecological 
services are the benefits nature provides to humankind—services that historically have not 
been accounted for in the market system. These services have monetary value, and that 
value is beginning to be both understood and realized. Figure 4 depicts the land area 
proposed for the Texas Coastal Exchange, a region that represents roughly 1.4 million acres 
of private property below the 20-foot elevation level. 
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Figure 4: Low-lying portions of Chambers, Galveston, Brazoria and Matagorda counties 
proposed for inclusion in the Texas Coastal Exchange 
 

   
 

Source: SSPEED Center.  

 
 
In keeping with the concept of enhancing economic activity, another nonstructural 
alternative developed by the SSPEED Center is the Lone Star Coastal National Recreation 
Area (LSCNRA). This concept involves enhancing ecotourism through the integrated 
management of protected land areas currently owned by federal, state, and local 
governments and non-governmental organizations. The existing protected lands within the 
low-lying areas of Chambers, Galveston, Brazoria, and Matagorda counties are shown in 
Figure 5. The concept here is to create a unit of the National Park System (NPS) via 
congressional action and form a partnership through mutual agreement between the 
various land-owning entities. Economic studies commissioned by the SSPEED Center and 
the National Parks Conservation Service indicate that creating such a unit of the NPS would 
generate more than 5,000 jobs and more than $200 million in economic activity—all from 
an economy that could survive inundation, a key characteristic of a resilient future.  
 
 
 
 
 
 
 
 
 
 
 



Legal Issues in Hurricane Damage Risk Abatement 

 21 

Figure 5:  Existing protected areas along the upper Texas Coast   
  

    
 

Source: SSPEED Center. 

 
 
The TCX and LSCNRA are nonstructural flood damage reduction alternatives that do not 
involve land use controls or other regulatory means generally disfavored on the Texas 
coast. Instead of zoning restrictions or other limitations on landowners, TCX and LSCNRA 
are based on generating resilient economic activity that promotes sustainable and natural 
management of coastal areas. And while these two alternatives will not solve existing flood 
damage problems on the developed west side of Galveston Bay or on Galveston Island, 
they will help establish a resilient future economy, a companion concept to the structural 
alternatives that protect existing investments now in harm’s way. 
 
Another type of nonstructural alternative is perhaps a hybrid model that involves using 
natural processes to build coastal defenses. An example of this is a concept called the “sand 
motor” or “sand engine,” which was designed by coastal engineering professor Marcel Stive 
of the Delft University of Technology in the Netherlands. The basic concept is that sand is 
deposited offshore of a beach area at a location where the long-shore drift will take the 
sand and naturally distribute it to beaches down-drift. In this way, natural processes can be 
used to restore and upgrade beach width. When this process is added to dune 
replenishment, some surge mitigation is provided and the beach is maintained. When 
combined with other flood damage risk-reduction concepts such as floor-slab elevation of 
beach houses, an attractive nonstructural alternative emerges. The Galveston Parks Board 
and the Corps recently initiated a sand-motor concept on a limited basis in front of a 
portion of the Galveston Seawall. 
 
An ecological service-oriented approach would be to integrate coastal wetland and oyster 
reef construction into various structural alternatives that have already been discussed. For 
example, the extension of the Houston Ship Channel dredge containment sites—proposed 
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to some extent or another in all of the structural alternatives—could be constructed to 
include significant additional wetland areas on the “back-side” of the containment levees, 
as shown in Figure 6. In this manner, ecological service value could be incorporated into 
structural alternatives, as has been done with beneficial use dredged material projects 
already underway by the U.S. Army Corps of Engineers and the Port of Houston Authority.   
 
Figure 6:  Potential beneficial use containment areas behind 25-foot levee walls along the 
Houston Ship Channel  
 

  
 

Source: Charles Penland, Walter P. Moore and Associates; SSPEED Center.   

 
 

A third nonstructural alternative option involves providing financial assistance to the 
owners of properties that become flooded, either through federally-subsidized flood 
insurance or by providing funds to buy out those who otherwise cannot be protected. Over 
the last few years, a substantial controversy emerged over the Biggert-Waters Flood 
Insurance Reform Act. That law proposed to change federal flood insurance from a 
subsidized program to one based upon actuarial rates.  When the proposed rate structure 
was released, many landowners saw their premiums rise significantly from a subsidized 
rate of $900 per year to an actuarial rate of more than $20,000.  This led to pushback on 
the phase-in of the Biggert-Waters reforms. However, it makes sense to consider 
subsidized flood insurance as a form of nonstructural flood damage reduction, with buy-
outs of structures that have been damaged multiple times.   
 
The nonstructural and ecological service concepts discussed above can be integrated with 
the structural alternatives described previously. In order to comply with some of the new 
or revised federal policies, all of these concepts and others will need to be considered and 
utilized creatively. 
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IV. When the Federal Policies Meet the Proposed Alternatives 
 
The good news in all of this is that several alternatives exist to protect the Houston-
Galveston region to varying degrees and at varying dollar and environmental costs.  Each 
of these approaches can be further refined and developed with the addition of various 
components to create one or more workable plans. At least two approaches could 
potentially be financed with local funds. Among the challenges ahead is finding a preferred 
alternative that will meet federal planning and environmental requirements, as well as 
other relevant parameters.   
 
There are two ways to view the application of the laws discussed in Section II to the 
alternatives described in Section III. One way is to consider the laws as constraints and to 
try to work through or around the legal policies and requirements. The second is to 
consider the legal requirements as design inputs and integrate them into the design 
thinking from the outset. An approach to compliance is often dictated by whether the 
parties to be protected have pre-selected an alternative or whether they are willing to allow 
the selection of the preferred alternative course of action to be determined by the 
processes established by these laws. The more objective and detached the design team and 
decision-maker(s) are from any one alternative, the easier it will be to achieve compliance. 
 
To be sure, there are several challenges inherent in achieving compliance with these laws 
and regulations. The first, and perhaps most difficult, is that federal environmental laws 
often reflect values not necessarily shared by local or state elected officials or by many of 
the residents of the area. Several of the new federal requirements—including consideration 
of ecological service value, the integration of ecological protection into design thinking, 
development and evaluation of nonstructural alternatives, and the selection of the least 
damaging alternative to the aquatic environment that achieves project purposes—may not 
be priority concerns of stakeholders or decision-makers within the surge flood areas.  
 
Second, the source of funding is an important variable. The decision to seek federal 
funding for alternatives is a serious one. If the federal government is picking up the tab, it 
makes sense that federal priorities would be reflected in design solutions. Both WRDA 
2007 and EO 11988 as amended by EO 13690 will apply if federal money is being solicited. 
The sooner these provisions are understood and addressed in the alternative design 
process, the better the chances are of minimizing compliance issues. Furthermore, Texas 
will not benefit from anti-federal rhetoric if the state intends to ask the federal government 
to fund surge protection in the Gulf Coast region. On the other hand, both the Upper Bay 
and Mid-Bay alternatives can be more easily constructed with local bond funds and other 
sources than can the Lower Bay Alternative and do not require waiting for federal agency 
and congressional action for their implementation. Such an approach would require 
federal permits, but could be constructed much more rapidly than waiting for the normal 
course of federal review and approval. 
 



Legal Issues in Hurricane Damage Risk Abatement 

 24 

Third, climate change also is a part of the discussion regarding hurricane surge protection. 
Sea level rise will affect design parameters, as will the potential for increasingly intense 
hurricanes in the future. To date, the State of Texas has not taken a leadership position on 
climate change. However, the Obama administration has taken the position that the 
country must prepare for the results of climate change, a belief that is reflected in EO 
13690, various NEPA and WRDA guidance documents, and recent statements surrounding 
the release of the Clean Power Plan (Stone and Bowen 2015). A reasonable alternative 
structure expected to last 50 years into the future likely will be facing a sea level rise of 1 to 
2 feet at a minimum and surge increases well beyond historic levels. The Corps has 
provided expected sea level rise estimates that average approximately three feet along the 
Texas coast in the next 100 years. This point is emphasized by EO 13690, which attempts 
to address this phenomenon in different ways.   
 
Fourth, prioritizing certain areas of research and evaluation is a key challenge. Of 
necessity, much of the initial work in alternative development is focused on determining 
the technical and financial feasibility of different alternatives. This means that other 
important design considerations, such as the impact of various gate structures on bay 
circulation and the migration of fish and shellfish, are often left until later in the process. 
Deferring this environmental analysis is logical; however, once the initial financial and 
engineering analysis is complete, there is often public and political pressure to move 
quickly with the selection and implementation of an alternative. This is a major mistake 
that often leads to lengthy and expensive litigation, which can be avoided by ensuring that 
the environmental studies are completed before a local decision is made. In Galveston Bay, 
much of the aquatic impact will be determined by the design features of gates and levees, 
namely the ability of daily tidal exchange and fish and shellfish to pass through these 
structures. Just as hurricane paths and strengths have been modeled and the effectiveness 
of designs tested from a protection and cost standpoint, so must the environmental 
impacts be modeled and tested. Such modeling and testing has not yet occurred for any of 
the Galveston Bay alternative scenarios, although environmental mitigation has been 
considered in the development of many of these alternatives. 
 
Finally, the public must be incorporated into the design process. The SSPEED Center 
presented some initial design concepts like the Centennial Gate at the mouth of the 
Houston Ship Channel to the public more than two years ago and was soundly criticized 
for not protecting larger numbers of people. The SSPEED Center responded to that input 
by developing additional area-wide solutions, such as the three discussed above, and by 
working with TAMU Galveston. However, there are many people who still have not seen 
the full details of many of the current alternatives. Incorporating feedback into the 
conceptual design phase, rather than later in the more formal public participation phase 
required under NEPA, is essential. The sooner public concerns are heard and addressed, 
the more likely a positive result becomes. Without public input and support, failure 
becomes far more likely. 
 



Legal Issues in Hurricane Damage Risk Abatement 

 25 

Compliance with federal environmental law and policy is an essential aspect of a successful 
water management or surge mitigation project. What is needed is leadership that 
understands these processes and will insist that these issues are fully considered and 
incorporated into the design and approval process. With such an effort, the likelihood of 
successfully building solutions that protect the Houston-Galveston region in a timely 
manner is much greater.  
 
In closing, it should be noted that participants in various local meetings have suggested that 
the Houston-Galveston area should seek special legislation from Congress to exempt the 
region from certain environmental review aspects.  Precedent for such exemptions 
includes relief provided to New Orleans after Hurricane Katrina and some assistance 
provided to New York and New Jersey following Hurricane Sandy. However, there will 
likely be major environmental issues and disputes in Galveston Bay, making such an 
exemption potentially more controversial than in those cases. A full examination of past 
exemption precedent will be the subject of a future paper.  
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