Slade Moore

CoastWise Topic: Modeling Products
for Evaluation of Crossing Designs

Modeling and Crossing Performance Objectives
Tidal hydrodynamic modeling is used in tidal crossing projects to manage risk to ecological
assets and public welfare. It’s also indispensable for allowing confident evaluations of the
degree to which design alternatives meet predefined crossing performance objectives.
Crossing performance objectives fall into structural, ecological, and other categories as needed
based on site specifics. A notable use of modeling products is the evaluation of how well a
proposed crossing design achieves objectives corresponding to the crossing’s structural
performance, such as mediation of scour and road overtopping risk. At some sites, modeling is
required to manage risk to low-lying features of interest like structures or resource uses near
present or projected high tide elevations
In support of ecological crossing performance objectives, modeling is used to identify crossing
structure sizes and configurations most able to cost-effectively encourage upstream wetland
resilience for the service life of the structure. Wetland resilience requires the upstream wetland
to experience unrestricted tidal inundation and drainage at the highest tides of the year. This
allows optimal performance of resilience processes such as marsh surface accretion, which are
necessary for the wetland to keep pace with sea level rise. Primary indicators of unrestricted
tidal exchange are synchrony in the timing and elevation of high and low tides up and

downstream of the crossing. Modeling is used to simulate the influence of proposed crossing
designs on tidal patterns under present and future conditions.

Modeling Recommendations
To evaluate whether proposed design alternatives meet established crossing performance
objectives, best practices for most tidal crossings include the use of at least 1-D modeling that
allows bi-directional, unsteady flow simulation for application in tidal environments. One
example is the US Army Corps of Engineers’ software package HEC-RAS (such as version 5.0.7).
Modeling procedures rely on water level monitoring up and downstream of the crossing,
elevation surveys, and terrain/bathymetry data. These facilitate the development of upstream
tidal volume calculations and provide hydrographs and supporting data for simulated water
level elevations associated with different design alternatives. For ecological considerations,
design tides typically represent the Highest Annual Tide (HAT) or Highest Astronomical Tide
(HAsT) under present conditions and those projected at the conclusion of the structure's
expected service life, which includes integration of sea level rise. For considerations related to
roadway height and crossing stability under flood conditions, storm surge predictions are added
to the simulations.
At sites with no constraints on upsizing the crossing structure, modeling corresponding to each
design alternative should clearly indicate synchrony in the timing and elevation of high and low
tides during the established design tides. CoastWise partners are presently developing a study
to identify additional parameters for evaluating resilience potential. In all analyses, a
comparison is conducted between modeling simulations of 1) upstream tides with the
proposed structure in place and 2) unrestricted tides represented by either downstream
conditions or those associated with no structure in place. These simulations are run under
present conditions and those projected for the conclusion of the structure's expected service
life.

Modeling Products
1. Model Calibration - provide superimposed hydrographs of observed and modeled
conditions, an error analysis, and brief discussion to describe model fit.
2. Alternatives Evaluation/Analysis - Each analysis below should consider at least two sizing
alternatives, but preferably more. These consist of the present crossing configuration and 12 larger alternatives. Each alternative is evaluated in the context of specified design tides,
typically:
•
•

Present HAT or HAsT, plus upstream storm event inflow
Future (typical year is 2100) HAT or HAsT, plus upstream storm event inflow. Tide
elevations are calculated based on the CoastWise risk-based sea level rise scenario
selection process.

a. Crossing Resilience - These considerations influence the height of the embankment
and capacity of the structure, to ensure crossing objectives are met. Crossing design
drawings and mapping should project the degree to which the present crossing
configuration and proposed crossing alternatives will perform under conditions now
and in the future. Specific annotations to drawings include elevations representing:
i.
Local tidal datum
ii.
Coastal storm flooding, including consideration of storm surge
iii.
Existing channel
b. Low-Lying Features of Interest - provide elevation plots and mapping that clearly
identify for the locations and elevations of infrastructure and resource uses at risk of
undesired flooding. Projects should project the degree to which the present crossing
configuration and proposed crossing alternatives will mediate risk under conditions
now and in the future.
c. Ecological Resilience - Where site conditions allow, at least one of the design
alternatives should meet wetland resilience performance objectives such as high tidelow tide synchrony up and downstream of the crossing and other ecological criteria
like aquatic organism passage (AOP) for identified target species. All analyses below
are presented for present and projected conditions during the crossing’s service life.
i.

Hydrograph Plots and Data - Provide superimposed upstream hydrographs
and supporting data for tidal water level elevations associated with each
crossing alternative and without. Hydrographs should include local tidal
datums (e.g. MLW, MHW, MHHW, HAT or HAsT). For the present conditions
data plot, the range and average of representative wetland surface
elevations outside of the channel and up/downstream of the crossing
should be indicated.

ii.

Tidal Synchrony Evaluation - Provide a comparison of high tide and low tide
elevations and timing (at HAT or HAsT) associated with 1) the proposed
structure in place and 2) either no structure in place or the downstream
condition. Results of these comparisons are provided in tabular or graphic
format under present and future conditions.

iii.

Hydraulic Head Differential - Identify the timing and amount of the largest
difference between upstream-downstream water levels during the running
tide.

iv.

Aquatic Organism Passage - Provide estimates of in-structure current
velocities to allow assessment of AOP objectives.

d. Other Topics - this can include topics such as potential for head-cutting or other
concerns.

