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Abstract — Civil
floodway projects due to prohibitive upfront H&H
study costs, FEMA criteria, drawn-out agency
reviews, and liability risks. This paper introduces a
phased, decision-support framework, tested on a
4.11-cuerda site at Guayanilla River’s entrance
(post-Hurricane Maria, 2017), that transforms
uncertainty into a predictable service offering:

1. Rapid Eligibility Screening: Leverages desktop
FEMA map and topographic analyses to weed
out non-viable sites before commissioning
detailed studies.

2. Scaled Hydrologic and Hydraulic Modeling:
Begins with a focused demonstration that
proposed changes will not raise flood levels and
expands to full analysis only when initial results
justify further investment.

3. Early Targeted Agency Engagement: Holds
preliminary pre-application meetings with the
Department of Natural and Environmental

engineers routinely avoid

Resources and Federal Emergency
Management  Agency staff to clarify
requirements, reducing repeated reviews and
saving time.

4. Modular Submittals & Deliverables: Breaks
complex tasks—site survey, preliminary
hydrologic and hydraulic study, compensatory
storage design, and conditional map
amendment  documentation into  discrete

modules for step-by-step agency feedback.

5. Transparent Client Decision Tools: Employs
simple cost-vs-success decision trees at each
phase, helping owners allocate budgets
confidently and avoid surprises.

6. Sustainable Urban Drainage Systems (SUDS)
Integration: Embeds eco-friendly elements,
such as bioswales, permeable pavements, and

rain gardens, that cut peak runoff by up to 30%
[1], enhance water quality, and reduce
hard-scape costs.

By directly addressing the core pain points—
study cost, approval uncertainty, multi-agency
complexity, and liability—this guide empowers
engineers to deliver resilient, financially viable
floodplain developments. While tailored for Puerto
Rico’s floodway regulations, the framework and
SUDS strategies are fully transferable to any
FEMA-regulated floodplain or floodway project
across the United States.

Keywords —FEMA Map Revision, Floodplain

Development,  Hydrologic and  Hydraulic
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INTRODUCTION

When a civil engineer is tasked with evaluating
a property for development, the challenge extends
beyond determining whether construction is
physically possible. A thorough assessment must
consider the project's economic feasibility,
regulatory constraints, and the site's long-term
sustainability, especially in flood-prone areas [2]. In
Puerto Rico (PR), where mountainous terrain
funnels water into interconnected basins, rivers like
the Guayanilla River carry significant hydrodynamic
forces from higher elevations to low-lying lands [3].

Hurricane Maria in 2017 demonstrated the
unpredictable nature of extreme weather events,
bringing destructive winds and prolonged rainfall
that overwhelmed drainage systems and reshaped
floodplain boundaries [4]. The aftermath [5]
revealed the vulnerabilities of existing infrastructure
and reinforced the importance of site-specific
evaluations in construction planning.



This paper presents a case study of a 4.11-
cuerda property in Guayanilla, PR, illustrating the
critical steps engineers must take to assess feasibility
and navigate restrictive floodplain regulations. The
study outlines key considerations such as
geotechnical investigations, hydrologic basin
analysis, and cost assessments related to flood-
resistant design solutions. Additionally, it explores
the permitting process, including how engineers can
request FEMA map revisions to improve
development viability. By integrating sustainable
design principles, economic forecasting, and
regulatory strategies, this paper aims to provide a
comprehensive guide for civil engineers tasked with
floodplain development, ensuring that projects are
both resilient and financially sound.

CASE STUuDY

This case study evaluates a specific site in
southern Puerto Rico to illustrate the application of
phased floodplain development strategies in a high-
risk, post-hurricane context.

Location and Site Description

According to FEMA, the whole property comes
under the 100-year floodway with a base flood
elevation (BFE) of 10 m [6]. Based on the lidar data
[7], natural ground elevation at the property ranges
from 4.63 to 11.94 m, with an average elevation of
8.47m. According to the U. S. Environmental
Protection Agency, sea level is rising by an inch
every fifteen years [8], and tropical extreme storm
events are becoming more and more intense in the
future due to a changing climate in PR. Due to these
intense storms and sea level rise, infrastructure will
become more and more vulnerable to climate change
in the future.

Impact of Hurricane Maria (2017)

According to the National Hurricane Center (NHC),
Category 4 storm Hurricane Maria made landfall on
September 20, 2017, delivering a record 965 mm of
rainfall and peak winds of 69.3 m/s[9]. The total

precipitation and resulting flood extents from
Hurricane Maria are shown in Figure 2 and Figure 3,
respectively [10].

Existing Vulnerabilities and Development
Challenges

The Guayanilla site faces substantial
development challenges due to its proximity to the
river (Figure 1), floodplain exposure (Floodway),
and limited drainage infrastructure. Post-Hurricane
Maria modifications have increased flood risks and
erosion, while outdated FEMA maps and complex
permitting requirements add uncertainty. These
vulnerabilities highlight the need for complete
technical considerations, including groundwater
paths and careful planning to confirm that any
proposed development is both safe and economically
feasible.

DUE PROCESS IN EVALUATING

FLoOODPLAIN DEVELOPMENT

A structured evaluation process is essential to
ensure that proposed developments in flood-prone
areas meet engineering, environmental, and
regulatory requirements from the outset.

Importance of Early Due Diligence and
Regulations

Early due diligence is an important step in a
development that lies in a floodplain and has site-
specific challenges and regulatory constraints. This
process is essential for engineers to identify and
mitigate potential risks such as flood exposure
(Floodway vs Floodplain), soil instability that
includes drainage conditions, and environmental
checks before significant resources are designated to
the construction. This process also helps in the
determination of project costs, timelines, and
technical  feasibility. Regulatory compliance
involves coordination across multiple levels of
government, with federal, state, and municipal
authorities often having overlapping jurisdictions in
flood-prone zones.
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Figure 1
Study Site (Guayanilla) with Flood Hazard Area
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Figure 3
Flooding as a Result of Hurricane Maria in Puerto Rico (Source: KatRisk)



FEMA Flood Maps and Permitting
Requirements

FEMA plays a central role in regulating
floodplain development through its Flood Insurance
Rate Maps (FIRMSs), which designate Special Flood
Hazard

Areas (SFHAs). Engineers must determine
whether a site lies within a high-risk flood zone, as
this classification directly impacts the permitting
process, building code requirements, and flood
insurance premiums. Development in these zones
may require elevation certificates, floodproofing
measures, and compliance with the National Flood
Insurance Program (NFIP).

It is also essential to understand the distinction
between a FEMA-designated floodplain and a
floodway.

The NFIP defines a floodway as the channel of
a river and the adjacent land areas that must remain
free of encroachment to allow the base flood
(typically the 1% annual chance flood) to be
discharged without cumulatively increasing the
water surface elevation by more than a designated
amount, typically 1 foot. Development in the
regulatory floodway is highly restricted and only
permitted if hydrologic and hydraulic (H&H)
modeling demonstrates that the proposed changes
will not cause any increase in the Base Flood
Elevation (BFE). This requirement is known as a
“no-rise” certification, and it must be prepared and
certified by a licensed professional engineer.

Fringe

The floodway fringe refers to the remaining
portion of the floodplain outside the floodway. In
this area, development may be allowed under FEMA
and state regulations, provided that compensatory
floodplain fill or other mitigation measures are
implemented to prevent adverse impacts to
neighboring properties. mitigation. The
development in the floodway fringe should also not
cause a rise in flood depth in neighboring properties.

Local Zoning and Building Codes, including
Environmental Regulations

In addition to federal guidelines, engineers must
comply with municipal laws and building codes that
direct allowable land use, structure types, and
elevation standards. These regulations often include
stricter local provisions than FEMA, especially in
areas with a history of flooding or poor drainage. For
example, municipalities may impose buffer zones
near rivers, elevation minimums for critical
infrastructure, or requirements for stormwater
management systems. Working collaboratively with
local planning departments ensures that proposed
designs align with community risk-reduction
strategies and legal obligations. Some projects may
require compliance with environmental regulations
enforced by agencies such as the U.S. Army Corps
of Engineers, EPA, or Puerto Rico’s Department of
Natural and Environmental Resources (DRNA).
These regulations may include assessment of habitat
disruption, water quality impacts, and mitigation
plans.

Fringe

Figure 4
Graphical Representation of Floodway and Floodplain (Source: Tulsa Engineering)
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Geotechnical and Hydrologic Assessments

Geotechnical assessments include soil stability
and subsurface conditions, and hydrological
assessments include hydrological and hydraulic
analysis, including flood risk assessment and
development of the most updated numerical models
for the river basin and site. The details of each step
are mentioned below.

Soil Stability and Subsurface Conditions

Geotechnical investigations begin with an
analysis of soil properties, subsurface materials, and
groundwater. These factors affect foundation design,
site slope stability, and the potential for erosion
during extreme weather events. In floodplains, the
presence of fine-grained soils, such as silts and clays,
can pose serious risks to structural integrity. Soil
borings, standard penetration tests, and laboratory
analysis are typically used to find out bearing
capacity, = compaction  characteristics,  and
permeability. In some cases, engineered fill or
specialized deep foundation systems (e.g., piles or
caissons) may be necessary to mitigate geotechnical
challenges.

Watershed and Hydrologic Basin Analysis,
including Flood Risk Assessment

A comprehensive hydrologic assessment
considers the broader watershed in which the
development site is located. Engineers analyze
rainfall patterns, surface runoff generated because of
intense rainfall, and upstream flow contribution to
understanding how water moves through the area
during different storm events (design storms). This
includes calculating peak discharge rates using
models such as HEC-HMS. The hydrologic basin’s
size, shape, and land cover affect how quickly and
intensely the site may flood during heavy rainfall. In
the aftermath of Hurricane Maria, many areas in
Puerto Rico experienced changes in drainage
patterns, sediment transport, and peak of updated

hydrologic data and flow behaviors, emphasizing the
importance.

Hydraulic  Modeling  determines  the
probability and extent of inundation under various
storm scenarios. Tools like HEC-RAS 1D are used
to simulate river hydraulics and map flood extents at
different intervals (for example, 5-year, 10-year, 50-
year, and 100-year events). These simulations help
identify the depth, duration, and velocity of
floodwaters across the site, guiding decisions about
building placement, elevation, and required
mitigation. This data also supports FEMA map
amendment requests and provides documentation for
regulatory approval. When done early, flood risk
modeling enables proactive design solutions that
minimize exposure while optimizing cost up to 100-
year return period.

Economic Feasibility Analysis

Beyond technical and regulatory
considerations, engineers must evaluate and explain
whether a proposed development is financially
viable. In floodplain areas, the costs associated with
mitigation can quickly rise. Conducting a
comprehensive economic feasibility analysis allows
engineers to advise clients on whether the project is
worth pursuing and, if so, how to approach it in a
cost-effective and resilient manner. Developing
within a floodplain often triggers a range of
additional expenses, and these expenses may include
costs for FEMA elevation certificates, hydrologic,
hydraulic, and geotechnical studies, environmental
impact assessments, and specialized design features
such as elevated foundations or floodproofing
materials. Engineers must evaluate not only the
direct construction costs but also the indirect
financial impacts of delayed permitting, extended
design phases, and additional inspections. In some
cases, clients may also need to invest in FEMA map
revisions, which require technical documentation
and agency coordination.



DESIGN AND MITIGATION STRATEGIES IN
FLOODPLAIN DEVELOPMENT

Effective floodplain development requires civil
engineers to go beyond traditional design
approaches by integrating innovative, site-specific
mitigation strategies that address both environmental
risks and economic constraints. One key approach
involves the use of Sustainable Urban Drainage
Systems (SUDS), which include features such as
rainwater  harvesting, bioswales, permeable
pavements, detention basins, and green roofs4.
These systems help manage stormwater on-site,
reduce surface runoff, and promote groundwater
infiltration—thereby decreasing flood risk without
relying solely on costly structural measures.
Additionally, elevating structures above base flood
elevations, incorporating flood-resistant materials,
and using breakaway foundation components are
practical methods to reduce physical damage in the
event of inundation.

Beyond physical design, civil engineers must
also adopt a resilience-focused planning mindset that
accounts for future climate variability and regulatory
adaptability.  Incorporating  real-time  flood
monitoring, early warning systems, and flexible site
layouts allows communities to better respond to
evolving flood risks. For sites like the Guayanilla
property, where both hydrologic unpredictability
and regulatory complexity exist, mitigation
strategies must be both adaptive and cost-conscious.
Engaging with planners, environmental specialists,
and local agencies early in the process supports more
integrated solutions, such as dual-purpose green
spaces that serve as both recreation areas and flood
buffers. Ultimately, the goal is to strike a balance
between risk reduction, economic feasibility, and
long-term sustainability in floodplain development.

INTEGRATING ENGINEERING, ECONOMIC
AND REGULATORY PERSPECTIVES
Successful floodplain development requires

more than technical design—it demands a holistic
approach that balances engineering realities,

economic viability, and regulatory compliance. Civil
engineers serve as a bridge between these domains,
ensuring that structural solutions perform under
flood conditions, meet permitting standards, and
remain within budget. For instance, proposing an
elevated foundation design may be technically sound
and regulatory-compliant, but it becomes
impractical if it significantly exceeds the client’s
financial capacity. By aligning engineering
decisions with a clear understanding of regulatory
requirements and financial constraints, engineers
can guide clients toward both buildable and
sustainable strategies.

In practice, this integration means initiating
coordination early in the project lifecycle. Engineers
must work with hydrologists, economists, architects,
and government agencies to align technical
assessments with permitting paths and cost
evaluations. In the case of the Guayanilla property,
for example, hydrologic (HEC-HMS) and hydraulic
(HEC-RAS 1D) modeling informs not just design
elevations, but also the feasibility of obtaining a
Letter of Map Revision (LOMR), which may unlock
insurance savings or reduce regulatory hurdles.
When engineers adopt a collaborative and informed
approach, they position themselves as trusted
advisors—helping clients make smarter decisions
while promoting resilient and responsible floodplain
development.

SITE-SPECIFIC REQUIREMENTS
(GUAYANILLA, PR)

To comply with the land use and development
regulations in Puerto Rico, a formal application must
be submitted to the Puerto Rico Planning Board
(Junta de Planificacion de Puerto Rico). This
includes initiating a "Special Consultation
Procedure" (Consulta de Ubicacidn Especial), which
is required for construction projects in areas with
high environmental or flood risk [11].

The proposed site in Guayanilla lies within or
adjacent to a designated floodway or flood-prone
area, as identified in FEMA's Flood Insurance Rate
Map (FIRM) and Puerto Rico’s Mapa de



Calificacion de Suelos. Given that landfill operations

are not permitted in a floodway, elevation of the site

by 10-11 meters will require alternative elevation

techniques, such as:

e Structural elevation through
foundations and raised platforms.

e Integration of pier-and-beam construction or
stilts, typical in flood-prone tropical coastal
areas.
Use of elevated slabs or plinths that comply with
ASCE 24 and the Puerto Rico Building Code
(PRBC) flood-resistant design standards.

deep pile

Furthermore, due to its location, the land use
designation may be more suitable for commercial
development under the state's flood management
rationale. Government officials noted that
commercial establishments are more acceptable in
such zones since customer presence during storm
events is minimal, reducing potential risks to life and
enabling quicker business recovery post-flood.

This modeling and planning step is critical for
obtaining the Construction and Land Use Permit
(Permiso de Construccién y Uso de Terreno), which
must be aligned with both the Puerto Rico Permit
Management Office (OGPe) and the Department of
Natural and Environmental Resources (DRNA).

CoMPARISON BETWEEN FEMA AND
LIiDAR DATA

FEMA HEC-RAS model is obtained for the
Guayanilla PR, and the cross section that passes
through the property mentioned in Figure 1 is
compared. The property's base flood elevation
(BFE) is around 10 m (32.8ft). The comparison
between cross-section data obtained from the FEMA
HEC RAS model and Lidar data is mentioned in
Figure 5. It has been observed that the FEMA cross
sections differ from the data obtained from the Lidar,
especially at the river bank and in the floodway. The

floodway elevation shown by FEMA is less than that
of the Lidar, and this should be further validated by
using survey data for the river as well as for the
floodway.

CONCLUSION

Floodplain development presents a complex
intersection of environmental risk, engineering
challenge, and regulatory  oversight. As
demonstrated through the case study of the
Guayanilla property, successful project planning in
these areas requires civil engineers to engage in
comprehensive due diligence, ranging from
geotechnical and hydrologic assessments to
regulatory navigation and economic analysis.
Hurricane Maria’s legacy has underscored the need
for updated flood modeling, adaptive design
strategies, and a proactive approach to risk
management. FEMA flood maps and models were
updated for the site in 2018.

By integrating technical expertise with
regulatory awareness and financial foresight, civil
engineers can offer practical, forward-thinking
solutions that are more efficient and safer. Whether
through innovative  stormwater management
systems, resilient construction techniques, or
informed client guidance, engineers have the tools to
make floodplain development not only possible but
also viable. In regions vulnerable to climate-driven
events, this integrated approach is essential to
building communities that can endure and adapt.
This updated regulatory framework reassesses the
property’s development limitations, potentially
reduces insurance premium costs, and supports the
design of tailored flood-resistant mitigation systems.
In this way, the technical engineering challenges are
intrinsically linked to and remedied through
proactive regulatory engagement, ensuring that the
project is both safe and compliant with federal
standards.
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Figure 5
(a) HEC RAS Cross Section at the Property Used by FEMA, (b) Cross Section Obtained by the Help of Lidar, (c) Location of
Cross Section Marked in Light Blue Color with a BFE of 10m
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