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To: Maine Department of Transportation From: Lori Benaoit,
Michael Chelminski
Augusta, Maine Northampton MA Office
File: 197450347 Date: November 8, 2021

Reference: Estimated Elevation Ranges of Intertidal Habitats for Middle River / Dyke Bridge
Alternatives

In support of the Dyke Bridge Replacement Project (Project) located on the Middle River in Machias, Maine,
Stantec was tasked with estimating the extent of tidal wetland habitats for two previously vetted alternatives
(4m and 10) for replacing existing flap gates at Dyke Bridge. Stantec reviewed existing background
information and data on tidal hydrology and vegetation elevations and distribution in the following documents:

¢ Technical Report: Middle River Hydrologic and Alternatives Analysis, Stantec 2015 (Appendix A)

e Memo: Draft Phase 1 Hydraulic Analysis for Machias Dyke Bridge (#2246) Planning Phase Support
Services, September 2, 2021, Stantec to MaineDOT (Stantec 2021) (MaineDOT Project Website)

e Data: SchoppeeMarsh_TidalRestrictionAssessment_Draft Hydrodata.xls. Schoppee Marsh Tide
Gate Removal Project hydrology, elevation, and vegetation data from BB USFWS GOMP/ DSF.
(Included for Information Only with permission from Downeast Salmon Federation)

SIMULATED TIDAL STAGE STATISTICS

Stantec 2021 presents information obtained from the preliminary, unsteady-state numerical hydraulic model
study for a range of potential alternatives for the Project, including simulated water surface elevations in the
Middle River for Alternatives 4m and 10. Tidal statistics were generated for the two noted alternatives based
on a hydraulic model simulation period of 34 days. Boundary conditions for the unsteady-state simulations
included a constant inflow of 13.7 cubic feet per second representing a typical discharge of the Middle River
and a time-varying water surface elevation at downstream boundary condition based on tidal stage data
collected in the Machias River by MaineDOT in 2011.

Tidal stage statistics were developed based on the simulated water surface elevations in the Middle River
landward (upstream) from Dyke Bridge using the National Oceanic and Atmospheric Administration online
Tidal Analysis Datum Calculator tool'. Calculated tidal statistics are presented in Table 1.

Table 1. Estimated Tide Statistics for the Middle River for Alternatives 4m and 10

Estimated Tide Statistics (ft, NAVD88)
Alt4m Alt10
Mean Higher High Water 2.01 7.39
Mean High Water 1.87 6.87
Mean Tide level -0.41 0.21
Mean Low Water -2.68 -6.46
Mean Lower Low Water -2.73 -6.66

1 CO-OPS Datum Calculator (noaa.qgov)

Wus0289- |
ppfssO1\workgroup\1956\active\0_task_ownership\179450347\05_report_deliv\draft_doc\saltmarsh\imem_machiasdkbridgesaltmarsh_20211108.docx
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ESTIMATED SALTMARSH RANGES

Based on this review, Stantec estimated potential elevation ranges for three habitat types of high marsh, low
marsh, and unvegetated intertidal areas, and present the estimates in Table 1 with elevations referenced to
the North American Vertical Datum of 1988 (NAVD88).

Table 2: Estimated Potential Saltmarsh Habitat Ranges

Estimated Saltmarsh Habitat Ranges (ft, NAVD88)
Alternative 4m Alternative 10
Low High Low High
Estimated Habitat Range Range Range Range
High Marsh 1.9 2.0 6.9 7.4
Low Marsh 0.8 1.9 3.8 6.9
Unvegetated intertidal/subtidal - 0.8 - 3.8

The attached figures depict the estimated areas of high marsh, low marsh, and unvegetated intertidal and
subtidal habitats based on the elevation ranges in Table 1 using a digital terrain model developed using
LiDAR data. These figures include estimated areas for the evaluated habitat types. The estimated habitat
areas were developed based on the assumption that salinities in the Middle River landward from Dyke Bridge
would be similar to salinities in the Machias River seaward from the bridge.

Unvegetated intertidal habitat is a distinct habitat type but here has been temporarily lumped with subtidal
habitat until updated bathymetric data becomes available. Predicted elevations for saltmarsh habitats may be
revised as additional information becomes available. The estimated elevations and descriptions for intertidal
habitats landward of Dyke Bridge under two alternatives are based also on the following assumptions:

1) High marsh formation is predicted at elevations between mean high water (MHW) and mean higher
high water (MHHW), which are areas typically inundated with salt water during only the highest tides
of the month.

2) High marsh is typically dominated by saltmeadow cordgrass (Spartina patens). Black grass (Juncus
gerardii) may be found at the highest elevations/upper border of the high marsh. Saltwater cordgrass
(Spartina alterniflora) may be found in the high marsh in slight depressions on the marsh surface
(high saline pannes) along with glasswort species (Salicornia spp.)

3) Low marsh has the potential to establish from MHW to the approximate elevation of the mean tide
level (MTL). In actuality, S. alterniflora often is not found at elevations as low as the mean tide level
(MTL). Data for the unrestricted portion of Machias River does not show low marsh close to the
“Diurnal Tide Level” in the Machias River at an elevation (El.) of 0.47 ft (see “Assessment Notes” tab
of Schoppee Marsh Excel file) and which Stantec assumes approximates the MTL. At the seaward
side (no restriction) of the Machias River, the data gathered by DSF shows low marsh at El. 4.99 ft.
Based on this data point, approximately 5 ft above the MTL appears to not be vegetated. However,
this one data point for unrestricted low marsh is insufficient information to assess the overall elevation
distribution of low marsh in the tidal wetland with unrestricted flows. Also, the start of downstream
(presumably downstream of tide gate in unrestricted flow Machias River) low marsh is shown at
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approximately EL. 3.6 ft in the Schoppee Marsh Excel file . In this case, approximately 50% of the tide
range between MTL and MHHW is unvegetated. This data is consistent with previously published
findings indicating that ice scour may limit the lower extent of low marsh in northern New England salt
marshes (Hardwick-Witman 1986) and this may explain lack of Spartina alterniflora at or near the
MTL. Therefore, the lower limit of low marsh for both alternatives 4m and 10 was roughly estimated
as the MHHW el. minus 50% of the tide range between the MTL and the MHHW.

4) S. alterniflora is the dominant, monotypic plant species of the low marsh.

5) Unvegetated intertidal areas (encompasses habitat called “mud flat”) are expected in the range from
MTL to mean lower low water. Erosion caused by ice scour of mid-range intertidal areas may limit the
lower extent of vegetated intertidal areas. Increased height of tidal flooding may inhibit S. alterniflora
growth in the intertidal region below MHW particularly in locations such as the Gulf of Maine that
experiences extreme tidal ranges.

6) Atindividual tidal sites, variations in microtopography and flood/drainage patterns, including those
due to disturbances such as culverts and tide gates that cause tidal restrictions, may alter the
elevations and predicted patterns at which high marsh, low marsh, and unvegetated tidal areas are
established.

7) Estimated ranges of intertidal habitats for Alternative 10 were adjusted based on field-collected data
at unrestricted Machias River intertidal sites. Notably, the extreme tide heights, and duration, and ice
scour may preclude low marsh/ S. alterniflora establishment in a significant portion of the intertidal
zone below MHW.

8) Under the Alternative 4m scenario, it was assumed that high marsh may become established in a
narrow elevation range that will not be flooded daily but only on the highest predicted tides each
month and based on restricted flow through the culverts that will limit the higher tidal heights.

MIDDLE RIVER STAGE-AREA CURVE

A stage-area (hypsometric) curve was developed from a digital terrain model (DTM) of land adjacent to the
Middle River upstream from Dyke Bridge to the vicinity of Stride Bridge. The DTM was developed using
existing LIDAR and was initially compiled for development of the project hydraulic model study program.

Figure 1 depicts the stage-area curve along with the estimated High Marsh and Low Marsh habitat elevation
ranges for Alternatives 4m and 10 that are presented in Table 2. Table 3 presents the stage-area data in
tabular format.

The stage-area data does not include areas for elevations below Elevation 0.0 ft which are largely in the
current area that is inundated during normal tidal conditions in the Middle River upstream from Dyke Bridge.
The estimated saltmarsh habitat ranges presented in Table 2 and in Figure 1 indicate that areas below
Elevation 0.0 would be unvegetated intertidal/subtidal habitat for Alternative 4m and that areas below
Elevation 4.5 ft would be unvegetated intertidal/subtidal habitat for Alternative 10.
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Figure 1. Stage-Area Curve
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DATA LIMITATIONS AND CAVEATS

The methodology for collection of vegetation data by DSF is not provided. Using a series of transects from
below MTL to the upland is a standard method for vegetation assessment. Identifying plants and community
types on the fly in the field and taking vegetation and elevation data would not be recommended as this
approach could introduce selection bias.

We are not able to determine from the DSF plant community and elevation data exactly which data applies to
the Eastern Schoppee Marsh. That location has a partial tidal restriction (does not drain fully at low tide and
does not reach full tidal height compared to the unrestricted Machias River) and could be skewing the data if it
is grouped with the “unrestricted” data. Based on the presentation of three sets of tidal data (Machias River,
Schoppee Marsh Restricted, and Schoppee Marsh Eastern), we would expect three sets of vegetation data
that reflect the tidal regime in each location. However, plant community and elevation data is shown only as
restricted vs. unrestricted. Are there any vegetation and elevation data specifically for the Eastern Schoppee
Marsh? Of the three locations, the Eastern Schoppee Marsh may be most similar to the alternative 4m.

Elevations of vegetation community called “Low hypersaline panne — restricted” does not make sense given
the elevations of the high marsh. Hypersaline pannes are embedded within the high marsh zone and are
typically only a few millimeters lower in elevation than the surrounding S. patens-dominated high marsh. The
elevation data for the pannes appear to be lower by a foot or more in elevation compared to the high marsh. It
is possible that these areas are stunted and dying S. alterniflora areas caused by excessive duration of
flooding upstream of the Schoppee tide gate.

The data assessment appears to be in the draft stage. Note comment by “WBennett” regarding the vegetation
community classification: “Need to further evaluate the classification of different communities. Many
irregularities exist and overlap.” We suggest proceeding with caution on using and interpreting the existing
data for predicting locations/areas of salt marsh habitats for the different design alternatives. We may want to
discuss the data with DSF, and additional data collection may be warranted.

Please contact Stantec with questions or comments regarding the information presented in this memo.

Stantec Consulting Services Inc.

A
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)

Lori K. Benoit, Ph.D. Michael Chelminski

Project Manager, Environmental Services Principal, Environmental Services

Phone: 413 387 4516 Phone: 413 387 4514

Fax: 413 584 3157 Fax: 413 584 3157

Lori.Benoit@stantec.com michael.chelminski@stantec.com
Attachment: Figure 1: Alternative 4m, Estimated Saltmarsh Habitat

Figure 2: Alternative 10, Estimated Saltmarsh Habitat

c. Tim Merritt, Stantec
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TECHNICAL REPORT: MIDDLE RIVER HYDROLOGIC AND ALTERNATIVES ANALYSES

Executive Summary

The Maine Department of Transportation (MaineDOT) contracted with Stantec Consulting
Services Inc. (Stantec) to perform hydrologic and hydraulic analyses to evaluate a range of
bridge and/or culvert alternatives to replace the Dyke Bridge (#2246) and the Stride Bridge
(#3973) over the Middle River in the vicinity of the Town of Machias, Maine. Dyke Bridge crosses
the Middle River immediately landward of the confluence of the Middle River with the Machias
River in the Town of Machias. Stride Bridge crosses the Middle River in the Town of Marshfield
approximately 3 miles upstream from Dyke Bridge.

This study develops and evaluates a range of alternative bridge and/or culvert geometries at
Dyke Bridge and Stride Bridge. The primary focus of this study is to evaluate potential
replacement structures at the two bridges relative to existing conditions and potential sea-level
rise. Seven general alternatives were evaluated at Dyke Bridge, and range from no-action
(Alternative 1) and replacement in-kind (Alternative 2), alternative culvert systems with operable
gates (e.g., self-regulating tide gates [SRTs]) as presented by Alternatives 3 and 4, to a large
bridge and/or group of culverts (Alternatives 5, 6, and 7) that would provide for unhindered tidal
exchange in the Middle River upstream (landward) from Dyke Bridge.

Evaluated alternatives at Stride Bridge where limited to retaining the existing culvert and
replacement with a single-span bridge.

Factors that are considered in the development and evaluation of alternatives at Dyke Bridge in
this report include:

1) Conveyance of tidal flow at Dyke Bridge;

2) Potential inundation of land upstream from Dyke Bridge that would result from
increased tidal exchange;

3) Upstream fish passage at Dyke Bridge and impacts to upstream fish passage at Stride
Bridge; and

4) The potential for evaluated alternatives to affect inundation of areas along the
Middle River landward from Dyke Bridge for the evaluated sea-level rise conditions.

The primary tool for evaluation of alternatives is a numerical hydraulic model of the study reach
of the Middle River from its confluence with the Machias River to Stride Bridge. The one-
dimensional, unsteady-state numerical hydraulic model was developed using the U.S. Army
Corps of Engineers HEC-RAS software system (HEC-RAS model). The model was developed using
Lidar terrain data and bathymetric data collected by MaineDOT. Boundary condition and
calibration data for the HEC-RAS model included tidal stage data and peak upland flow
statistics provided by MaineDOT. The HEC-RAS model was calibrated and validated for existing
conditions using tidal stage data provided by MaineDOT.

The preliminary alternative evaluation process was initiated with a review of information on SRTs,
which are the basis of two of the general alternatives. Based on this review, it was determined
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that SRTs (Alternative 3) and “fish-friendly” SRTs (Alternative 4) are not practical technologies for
replacement of the existing culvert and flap-gates system at Dyke Bridge and are not expected
to improve upstream fish passage relative to other evaluated alternatives.

Three general alternatives were evaluated to provide for unhindered tidal exchange at Dyke
Bridge. Based on this review, it was determined that a single-span bridge (Alternative 6) is a
feasible alternative for replacement of the existing culverts at Dyke Bridge, but that a group of
large culverts (Alternative 5) or a group of culverts along with a single-span bridge (Alternative 7)
are not feasible alternatives at Dyke Bridge.

The HEC-RAS model was used to evaluate a set of the evaluated alternatives at Dyke Bridge
and Stride Bridge. The HEC-RAS model was used to evaluate a broad range of alternatives; this
study presents information and findings for approximately 100 unsteady-state flow scenarios.
Based on information obtained from the HEC-RAS model and consideration of the four factors
noted previously, it was identified that feasible alternatives at Dyke Bridge include:

¢ Replacement in-kind (Alternative 2) without flap gates on every culvert; and

¢ Replacement with a single-span bridge (Alternative 6).

Multiple scenarios were evaluated for replacement in-kind (Alternative 2). These scenarios
evaluated four or five box culverts with up to two free-flowing culverts (no flap gate). These
scenarios would provide for landward flow through the culverts without flap gates during flood
tides and are expected to substantially improve upstream fish passage while limiting inundation
of land along the Middle River landward from Dyke Bridge. Depending on the selected
variation of Alternative 2, including the total number of culverts and the number of culverts with
and without flap gates, this alternative can limit inundation of land upstream from Dyke Bridge
while substantially improving upstream fish passage. Information developed as part of this study
indicates that increasing typical tidal water surface elevations upstream from Dyke Bridge by
more than 2 feet (ft) would result in regular tidal inundation of substantial areas of land.

Replacement with a single-span bridge (Alternative 6) would provide for volitional upstream fish
passage and would result in substantial inundation of land along the Middle River landward from
Dyke Bridge. Specifically, normal tidal water surface elevations would increase by 8 to 10 ft
immediately landward from Dyke Bridge. Based on the results of the HEC-RAS model
evaluations, the minimum length of a single-span bridge to provide unhindered tidal flow at
Dyke Bridge is 60 ft with vertical abutments and would require dredging of a channel under the
bridge and upstream into the Middle River.

Based on factors that are considered in this study and the study evaluations and findings, the
primary constraints associated with replacement of the existing Dyke Bridge culvert systems are
1) upstream fish passage, and 2) inundation of land upstream from Dyke Bridge. Replacement
in-kind (Alternative 2) with some free-flowing culverts can provide for improved upstream fish
passage while limiting flooding of landward areas. Installation of a single-span bridge can
provide for free-flowing conditions at Dyke Bridge and volitional upstream fish passage, but
would result in substantial inundation of land upstream from Dyke Bridge.
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Introduction
June 30, 2015

The Maine Department of Transportation (MaineDOT) contracted with Stantec Consulting
Services Inc. (Stantec) to perform hydrologic and hydraulic analyses to evaluate a range of
bridge and/or culvert alternatives to replace the Dyke Bridge (#2246) and the Stride Bridge
(#3973) over the Middle River in the vicinity of the Town of Machias, Maine. Dyke Bridge crosses
the Middle River immediately landward of the confluence of the Middle River with the Machias
River in the Town of Machias. Stride Bridge crosses the Middle River in the Town of Marshfield
approximately 3 miles upstream from Dyke Bridge. The project location is depicted in Figure 1.

The objective of this study is to develop and evaluate a range of alternative bridge and/or
culvert geometries at the two subject bridges, and the primary focus is to evaluate potential
alternatives for replacement structures at the two subject bridges. The evaluation of
replacement includes consideration of the existing tidal restriction associated with Dyke Bridge,
which severely limits tidal flow landward from Dyke Bridge. This study evaluates a range of
alternatives at Dyke Bridge and two alternatives at Stride Bridge. The evaluated alternatives at
Dyke Bridge include:

e Alternative 1: No Action;
e Alternative 2 (baseline): Replacement In-Kind without restoration of tidal flow;
o Alternative 2 (variations) :Replacement In-Kind with the following variations;

e Replacement In-Kind with partial restoration of tidal flow;

e Replacement with partial restoration of tidal flow and provisions for fish
passage;

e Alternative 3: Replacement with self-regulating tide gates (SRTs);

e Alternative 4: Replacement with “fish-friendly” SRTs;

o Alternative 5: Replacement with multiple adjacent culverts to restore tidal flow;
o Alternative 6: Replacement with a traditional span bridge; and

e Alternative 7: Replacement with a traditional span bridge with some adjacent
culverts.

The evaluated alternatives at Stride Bridge include:
1. Concrete invert lining;
2. Slip-lining; and

3. Other alternatives to be determined.
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Existing Conditions
June 30, 2015

2.1 DYKE BRIDGE

Dyke Bridge is located on U.S. Route 1 and consists of an embankment structure with four box
culverts that are fitted with flap gates. The embankment has a length of over 1,000 feet (ft) and
is constructed of timber cribbing with rubble and earthen fill. The four box culverts, constructed
of timber and stone masonry, are approximately 80 ft long, 5 ft wide, 5 ft high, and have top-
hinged flap gates installed on the seaward side of each of the four culverts. The culverts and
flap gates are deteriorated. A combination of factors, including leakage through the flap gates
and the causeway, result in landward flow into the Middle River during semi-diurnal flood tides.
Dyke Bridge is shown in Figure 2 along with relevant adjacent features.

2.2 STRIDE BRIDGE

Stride Bridge is located on State Route 192 and consists of an earthen embankment with a 12.5-
ft-diameter corrugated metal pipe culvert (CMP) with the ends coped to the roadway
embankment. Stride Bridge is shown in Figure 3.
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TECHNICAL REPORT: MIDDLE RIVER HYDROLOGIC AND ALTERNATIVES ANALYSES

Existing Conditions
June 30, 2015

2.3 HYDROLOGY

MaineDOT design guidelines recommend evaluating the following combinations of upland
stream flows with selected tidal stages. The following combinations were modeled as part of this
study:

a. Everyday Tides with 1.1-year river flow;
b. Everyday Tides with 50-year river flow;
c. 50-year Storm Surge with 1.1 year river flow;

d. Surge to be superimposed at mid-rising, high tide, mid-falling and low tides.

These conditions were modeled with the addition of 100-year upland flow with typical tides.

Boundary condition data for upland flows in the Middle River at Stride Bridge and Dyke Bridge
were provided by MaineDOT and are included as Appendix A. A summary of peak flow
statistics is provided in Table 1.

Table 1: Peak Flows

Drainage Return-Interval Event (Years)/Peak Flow (cfs)
Area
Stride Bridge 9.41 130 265 213 522 670 787 912 1,221
Dyke Bridge 13.22 152 297 452 565 715 832 958 1,264

For model simulations of storm surge, a steady state upland flow of 152 cubic feet per second
(cfs) was used to model flow in the Middle River. For model simulations combining typical tide
cycles (1.1-year tide) with higher upland flows (50- and 100-year), flow hydrographs were
developed for the Middle River. Hydrograph time to peak was assumed to be 12 hours and
recession time was assumed to be 24 hours. Peak stream flow was assumed to occur at about
12 hours before the highest tide in the 1.1-year tide hydrograph. Hydrograph shape was
assumed to be triangular. These assumptions should be evaluated for appropriateness for final
evaluation and design of a selected alternative for replacement of the culverts at Dyke Bridge.
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TECHNICAL REPORT: MIDDLE RIVER HYDROLOGIC AND ALTERNATIVES ANALYSES

Existing Conditions
June 30, 2015

Sources of tide data used for this study include:
a. NOAA Recording tide gage data at Eastport, Cutler;
b. NOAA Predicted tide data at Subordinate Station on Machias River;
c. MaineDOT recorded data downstream of Dyke Bridge and Upstream of Dyke Bridge;

d. U.S. Army Corps of Engineers (USACE) Tidal Flood Profiles for Peak Storm Surge Elevations;
and

e. MaineDOT provided guidance on calculation of surge hydrographs.
2.3.2.1 Recorded Tidal Stage Data- Project Data and NOAA Station Data

MaineDOT measured tidal stage data in the vicinity of Dyke Bridge in 2011 as part of this study.
The tidal stage data were collected at two locations during the period from July 12, 2011,
through October 24, 2011, using datalogging pressure transducers that recorded pressures at 5-
minute intervals. The data were collected landward and seaward from Dyke Bridge in the
Middle River and Machias River, respectively. These data were rectified by MaineDOT to the
NAVDS88 vertical datum in electronic file format and are plotted in Figure 5.

Figure 5: MaineDOT Tide Data, Downstream and Upstream of Dyke Bridge, July through
October 2011
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Tidal statistics were obtained for the tidal stage data collected in the Machias River seaward
from Dyke Bridge by parsing-out the higher high tide, lower high tide, higher low tide, and lower
low tide for the period from July 12, 2011, through October 24, 2011, using a parsing algorithm
subroutine programmed in Visual Basic for Applications. Mean higher high water (MHHW) is
calculated as the average of the higher high tide over each 24-hour period, and mean high
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Existing Conditions
June 30, 2015

water (MHW) is calculated as the average of the lower high tide over each 24-hour period.
Mean low water (MLW) and mean lower low water (MLLW) area calculated as the average of
the higher and lower (lowest) low tide over each 24-hour period. These site-specific calculations
are compared to the predicted values of MHHW, MHW, MLW and MLLW at the Machiasport Tide
Station and at the Cutler Tide Gage in Table 2, Table 3, and Table 4.

Review of Figure 5 indicates a low-end threshold for the data collected in the Machias River
seaward from Dyke Bridge; this suggests that the datalogging pressure transducer was installed
above the elevation of the lower low tides.

The parsed data was used to develop tidal statistics that are presented in Table 2, which
includes the maximum, minimum, and average water surface elevations from the tidal stage
data that was collected in the Machias River seaward from Dyke Bridge.

Table 2: Tidal Statistics from MaineDOT Data Set

Tidal Data (ft, NAVD88)
Max. MHHW MHW Average MLW MLLW Min.

9.8 7.4 6.5 0.05 -6.4 -6.8 -7.5

Table 3 presents tidal statistics from National Oceanic and Atmospheric Administration tide
stations at Eastport, Cutler Naval Base (Cutler), and Bar Harbor (Machias is located between
Cutler and Bar Harbor along the coastline).

Table 3: Tidal Statistics from NOAA Stations

Tidal Statistics (Elevation in feet)
Station MHHW MHW NAVD88 MTL MSL MLW MLLW
Eastport 9.34’ 8.86’ 0’ -0.31’ -0.23’ -9.49° -9.93’
Cutler 6.81’ 6.39’ N/A 0.1’ 0.0 -6.37° -6.75’
Bar Harbor 5.7 5.28’ N/A -0.1° 0.0’ -5.29’ -5.67’

Additional tidal data is available for Machias Port. This station is a subordinate tidal station, with
predicted tides based on Eastport tides multiplied by 0.69.

Table 4: Tidal Statistics Predicted at Machias Port NOAA Subordinate Station

Tidal Statistics (Elevations in feet)
Station MHHW MHW NAVDS8 MTL MSL MLW MLLW
Machias 6.45 6.11 0’ -0.21 -0.16’ -6.55 -6.85
Port
( 5 Stantec
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Existing Conditions
June 30, 2015

Because the recorded data provided similar statistics to the NOAA station data at Cutler and
Machiasport, the tidal data obtained by MaineDOT was used for stage boundary conditions at
the downstream (seaward end) of the project for model runs where high upland flows were
combined with normal tides, and where storm surge was added to typical tides.

2.3.2.2 Storm Surge Boundary Condition

A boundary condition representative of a Category 1 hurricane (approximately equivalent to a
50-year storm surge) is required for tidal bridge design and was developed for this study.

For the downstream storm surge boundary condition, an unsteady flow hydrograph representing
a 50-year storm surge event was developed by combining typical tide data with predicted
surge at Machias.

23221 Daily Tide

Measured tide data in the Machias River immediately seaward from Dyke Bridge was obtained
by MaineDOT from July 2011 through October of 2011. These data are in good agreement with
predicted tide data from the referenced seaward locations, and were combined with a storm
surge hydrograph to create a synthetic storm surge tide at the project site. Data from
September 21 to 25, 2011 was used as a representative set of typical tide data. High tides
ranged to a high of 7.3 ft and a low of -6.9 ft, and are in good agreement with the statistical
MHHW and MLLW values of 7.4 ft and --6.8 ft computed for the data set (Table 2).

2.3.2.22 Storm Surge

The Maine coast experiences storm surge due to hurricanes and Nor’easter storms. MaineDOT
recommends using a category 1 hurricane wind field to estimate a storm surge for a 50-year (2-
percent annual return-interval) surge. This analysis is based on Phase Il of Development of
Hydraulic Computer Models to Analyze Tidal and Coastal Storm Hydraulic Conditions at
Hydraulic Structures and two appendices — A: National Oceanic and Atmospheric
Administration (NOAA) Predictions of Hurricane Properties and B- ADCIRC Station Results (Phase
[l Report). For this project, MaineDOT provided a spreadsheet for converting peak surge levels
to a hurricane-type surge hydrograph.

ADCIRC predicted surge levels for Machias Bay as follows:

e 50-yearsurge: 2.16 ft. Hydrograph duration 15 hours
e 100-year surge: 2.79 ft. Hydrograph duration 15 hours

Section 2.1 of the Phase Ill Report predicts a maximum surge of 2.5 ft. This is based on a Radius
of Maximum Winds of 51 nm and forward speed of 54 knots for 95% of storms in Downeast Maine.
With a D value of 0.94, a resulting maximum surge level of 2.5 is calculated.

The maximum recorded surge at Cutler is 2.466 ft with a surge duration of 17 hours. The
maximum recorded surge at Eastport is 2.523 ft.

g Stantec
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Existing Conditions
June 30, 2015

2.3.2.23 Combined Peak Surge Plus Tide Data
The following list summarizes available information on storm tides, combined surge statistics

(typical tide plus surge), and recorded high tide events at locations near the project area (Table
5).

e USACE 2012 Tidal Flood Profiles.
0 Eastport: 50-year 14.3 ft NAVD88
0 Machias Port: 50-year (Eastport multiplied by 0.69) 9.9 ft NAVD88
o0 Cutler: 50-year 10.8 ft NAVD88
e FEMA Flood Insurance Study of Machias.
o 100-year: 11.8 ft NAVDS88
o0 100-year map, 1988, 12.5 ft NGVD291, 11.8 ft NAVD88
0 Based on outdated USACE Tidal Flood Profiles
e USACE Tidal Flood Profiles 2012 at Cutler:
0 50-year 10.5 ft NAVD88
o0 100-year 10.8 ft NAVD88

Table 5: Recorded Highest Tides at Cutler NOAA Gage and Machias (Data from

MaineDOT)

Date Machias Cutler
9/28/2011 9.55 9.9
9/29/2011 9.71 10.14
10/28/2011 10.7

1 National Geodetic Vertical Datum of 1929

('_4 Stantec
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HEC-RAS Hydraulic Model
June 30, 2015

A one-dimensional, unsteady-state numerical hydraulic model was developed using the USACE
HEC-RAS (versions 4.1 and 5.0 [beta]). HEC-RAS version 5.0 (beta) was used for project work
beginning in April of 2015 at the suggestion of MaineDOT as this version of HEC-RAS includes
automated routines for modeling flap gates. The hydraulic model was developed using
information obtained from MaineDOT and other sources.

3.1 GEOMETRIC DATA

Geometric data for the revised HEC-RAS model was developed using topographic data
provided by MaineDOT along with a limited number of bathymetric transects surveyed by
MaineDOT. The layout of the HEC-RAS model domain is depicted in Figure 6, and Figure 7
depicts the geometric domain with color shading and the existing area that is normally wetted
based on interpretation of aerial photography.

The HEC-RAS model domain was developed using the HEC-GeoRAS Geographic Information
System (GIS) extension in ESRI ARC GIS software. The basis for this model was Lidar data
provided by MaineDOT, which is depicted as the gray-shaded area in Figure 6. The Lidar data
did not provide elevation coverage in persistently wetted areas landward (upstream) from Dyke
Bridge. Bathymetric transects obtained by MaineDOT were therefore used to augment the Lidar
data.

The GIS model was also used to develop an area-elevation dataset for the reach of the Middle
River between Stride Bridge and Dyke Bridge. This curve is provided in Appendix B.

g Stantec
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HEC-RAS Hydraulic Model
June 30, 2015

3.2 BOUNDARY CONDITIONS

The following combinations of upland flow and tidal stage were selected for the hydraulic
model at Dyke Bridge and Stride Bridge.

o Typical tides with 1.1-year river flow, upland flow modeled as steady state flow.

o Typical tides with 50-year river return-interval flow with the riverine flow hydrograph
modeled as triangular hydrograph with 12 hour time to peak.

o Typical tides with 100-year return-interval flow with the riverine flow hydrograph modeled
as triangular hydrograph with 12 hour time to peak.

e 50-year storm surge with 1.1 year river flow.

e Surge to be superimposed at mid-rising, high tide, mid-falling and low tides.

Riverine peak flows in the Middle River were provided by MaineDOT and are included in Table 6.
For this project, and to simplify boundary conditions, only the flows predicted for Dyke Bridge
were used in the model, but were used as the boundary condition at the upstream end of the
model upstream from Stride Bridge. This assumption and development and use of suitable
upland flow hydrographs should be incorporated into final design analyses.

Table 6: Riverine Peak Flows in Middle River

1.1-Year Return-

50- Year Return-

100- Year Return-

Location Interval (cfs) Interval (cfs) Interval (cfs)
Stride Bridge 130 787 912
Dyke Bridge 152 832 958

3.2.2.1 Typical Tides

Typical (“everyday”) tide hydrographs are based on data recorded by MaineDOT from July
2011 to October of 2011 in the Machias River immediately seaward from Dyke Bridge. The data
show a highest recorded tide elevation of 9.7 ft on September 29, 2011. At that time, the Cutler
gage recorded an elevation of 10.1 ft.

g Stantec
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Table 7: Summary of Tide Stage Information

Recorded at Machias (ft,
Tide Stage/Date NAVDS88) Cutler gage (ft, NAVD88)
MHHW 7.4 6.8
MHW 6.5 6.4
MLW -6.5 -6.4
MLLW -6.8 -6.8
lowest -7.5 not applicable
9/24/2011 7.4 7.3
9/28/2011 9.55 9.9
9/29/2011 9.71 10.14
10/28/2011 10.7

3.2.2.2 Combinations of Riverine Peak Flows and Typical Tides

Riverine peak flows were combined with typical high tides as recorded in the MaineDOT data.
An example of this combination is in HEC-RAS Plan No. 24, which models the existing culverts at
Dyke Bridge and Stride Bridge, and imposes a 50-year peak flow hydrograph on a high tide. The
50-year return-interval hydrograph peak flow of 832 cfs passes Stride Bridge at 12:35 on 14 July,
2011. Corresponding water levels at Dyke Bridge are presented in Table 8.

Table 8: Combinations of Peak Upland Flows and Typical Tides at Dyke Bridge

High Water Level 50- Year Return-Interval
Date and Time (ft, NAVD88) Peak Flow (cfs)
July 14, 2011 at 22:25 8.4 832
July 14, 2011 at 10:35 7.0 832
July 14, 2011 at 23:05 8.8 832

Tidal and upland flow hydrographs were combined with that same timing. This combination
should be reviewed for final design.

3.2.2.3 Combination of 1.1-year Riverine Peak Flow with Storm Surge Tides

For this study, the MHHW value for the MaineDOT recorded normal tide data downstream of
Dyke Bridge was combined with a peak surge of 2.5 ft, with the following high and low values
associated with timing of peak surge and tides. These tidal conditions were modeled with the
1.1-year return-interval peak flow (152 cfs) as the inflow (upstream) boundary condition. A
precise recurrence interval has not been assigned to this surge level, but the difference between
a 50-year and 100-year surge in this area is a few tenths of a foot. Based on data outlined in

('_4 Stantec
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Section 2.3.2.2.3, this tidal peak elevation should be reviewed for final design. The data suggests

a value between 9.8 ft and 10.8 ft when the peak surge coincides with the peak high tide.

Table 9: Combinations of Upland Flow with Storm Surge Tides

Timing of Peak Surge

High Water Level
(ft, NAVD88)

Low Water Level Before
Peak Surge (ft, NAVD88)

Mid-Rising 8.0 -7.0

High Tide 9.8 -7.0

Mid-Falling 8.0 -7.0

Low-Tide 7.8 -7.0
() Stantec
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This section presents boundary condition scenarios requested by MaineDOT for evaluation with
the study hydraulic model.

4.1 STEADY-STATE BOUNDARY CONDITIONS

Steady-state boundary conditions were modeled with specified inflow (upstream) boundary
conditions and specified water surface elevations at the downstream (seaward) boundary
condition. Steady-state boundary conditions are presented in Table 10.

Table 10: Steady-State Boundary Conditions

Upland Runoff

(Return-Interval Downstream
Case Event) (fixed stage) Comments
-Gates assumed fully open. (4 ft height).
Upstream elevation would be 9.9 ft. Upstream
Case 1l 50-Year MHW of Stride Bridge, the modeled elevation is 11.0

ft.

The applied water surface elevation for MLW is
expected to result in very high calculated flow
speeds for the span bridge alternatives at
Dyke Bridge because the upstream channel
Case 2 50-Year MLW elevation is well above the MLW elevation.
Upstream of Dyke Bridge, water surface
elevation would be 1.4 ft and 7.3 ft upstream
of Stride Bridge.

Based on review of information, including the area-elevation curve that was developed as part
of this project for the reach of the Middle River between Stride Bridge and Dyke Bridge and the
HEC-RAS model results, it was determined that steady-state hydraulic analyses are of little
practical utility for this study. The basis for this determination is that there is substantial hydrologic
storage in the reach of the Middle River between the two project bridges relative to the volume
of upland runoff hydrographs in the Middle River. This finding was validated as part of this study
by 1) steady-state model simulations that depict overtopping of Dyke Bridge during moderate
upland runoff flow events that predict overtopping of Dyke Bridge, and 2) unsteady-state model
simulations with upland runoff hydrographs that do not result in overtopping of Dyke Bridge. The
qguestion of whether Dyke Bridge has been overtopped was discussed with MaineDOT during
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project meetings, and MaineDOT indicated that they are not aware of upland runoff events
having resulted in overtopping of Dyke Bridge.

4.2 UNSTEADY-STATE BOUNDARY CONDITIONS

Unsteady-state boundary conditions were used for hydraulic model evaluations using the
project HEC-RAS model. Unsteady-state boundary conditions are presented in Table 11. As
noted in Section 4.1, trial runs using upland peak flows as a steady state input resulted in
unrealistically high water surface elevations that do not account for storage along the reach of
the Middle River between the two bridges. For this reason, upland flows were modeled as
triangular hydrographs that were developed based on professional judgment.

Table 11: Unsteady-State Boundary Conditions

Upland Runoff
(Return-
Case Interval Event) Tidal Regime Comments
1.1-Year- Recorded Tides +9.0/-
Q1T steady flow 7.5
50-Year- Peak upland flow occurs at tides in
Q50711 Hydrograph, Recorded Tides range of 7.0 ft to 8.8 ft.
peak = 824 cfs
100-Year- Peak upland flow occurs at tides in
Q10071 Hydrograph = Recorded Tides range of 7.0 ft to 8.8 ft.
958 cfs
Category 1 Hurricane | Peak of storm surge at mid-rising tide
Q1150M 1l.1-Year (2.5 ft peak) +9.8 ft /- | (8.0 ft)
6.9 ft
O1T50H 11-Year Category 1 Hurricane | Peak of storm surge at high tide (9.8 ft)
(2.5 ft peak)
. Peak of storm surge at mid-falling tide
Category 1 Hurricane
1T50M 1.1-Y
Q ear - (2.5 ft peak) (8.011)
017501 1.1-Year Category 1 Hurricane | Peak of storm surge at low tide (7.8 ft)
— (2.5 ft peak)
('_4 Stantec
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4.3  SEA-LEVEL RISE SCENARIOS

Three sea-level rise (SLR) scenarios were evaluated for selected model simulations, including:
1) Current MHHW conditions;

2) Design Year (current) MHHW with Moderate (0.5 meter [1.64 ft]) SLR; and
3) Design Year (current) MHHW with High (1.0 meter [3.28 ft]) SLR.
('_& Stantec

4.22



TECHNICAL REPORT: MIDDLE RIVER HYDROLOGIC AND ALTERNATIVES ANALYSES

Preliminary Evaluations — Typical Tides
June 30, 2015

This section presents information on the evaluation of project alternatives with typical tides and
low streamflows in the Middle River as represented by tidal stage data collected by MaineDOT
and a flow of 20 cfs in the Middle River, respectively.

5.1 EXISTING CONDITIONS AND REPLACEMENT IN-KIND

Hydraulic conditions at Dyke Bridge were evaluated for existing conditions (Alternative 1) and for
replacement in-kind (Alternative 2). The objectives of these evaluations included:

1) Calibration and validation of the hydraulic model for existing conditions; and

2) Evaluation of replacement in-kind (i.e., with four 5 ft by 5 ft flap gates).

These evaluations were performed using tidal stage data collected by MaineDOT and an
assumed normal upland flow in the Middle River of 20 cfs.

Existing conditions at Dyke Bridge were modeled in HEC-RAS using gates and operational rules.
The use of gates and operational rules precludes modeling of culverts in combination with gates
in HEC-RAS. The modeled approach therefore does not include effects of flow through culverts
and gates; it solely evaluates hydraulic parameters (e.g., conveyance, losses) at the gate. This
approach is analogous to flow through on overly-large culvert (i.e., losses are minimal and can
be discounted) with a controlled gate at one end. This approach was used early in the project
because HEC-RAS 4.1 did not include an option for modeling flap gates (Plan No. 87).

The existing Dyke Bridge culverts include four 5 ft by 5 ft wood and masonry box culverts with flap
gates. Based on review of survey data provided by MaineDOT, including elevations of the
culvert inverts and tidal stage data collected landward and seaward from Dyke Bridge, and
preliminary model simulation, the existing culverts were modeled with heights of 4 ft and
minimum gate openings of 0.35 ft. The reduced gate heights were used to address apparent
blockage in the bottoms of the culverts as determined from bridge inspection reports provided
by MaineDOT. The minimum gate opening was used to provide for landward flow during flood
tides, which is apparent in visual observations and tidal stage data collected by MaineDOT in
the Middle River landward from Dyke Bridge. The culverts and flap gates were modeled as
sluice gates in HEC-RAS using operational rules programmed in the HEC-RAS unsteady-flow rules
editor.

5.1.1.1 Existing Conditions Without Gate Operations

Existing conditions were initially evaluated without operational rules and the four gates set in the
“open” position. Under this condition, the equilibrium water level in the landward reach of the
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Middle River is simulated as the approximate average of the high and low water conditions
(Plan No. 86).

This simulation reflects conditions that would result from removal or failure of the tide gates.
Results of this simulation, including measured (“Observed US?2”) and simulated (“Modeled US”)
water surface elevations in the Middle River landward from Dyke Bridge, are depicted in Figure
8. Itis apparent in this figure that removal or failure of the tide gates would increase in daily
water surface elevations by up to 5 ft in the Middle River upstream from Dyke Bridge during
typical tides with an upland flow in the Middle River of 20 cfs. The increase in water surface
elevations by 5 ft reflects the difference between the maximum elevation of typical tides
(elevation -1 ft) and the predicted maximum elevation of approximately 4 ft for typical tides.

Figure 9 presents the measured tidal stage data seaward from Dyke Bridge (“Observed DS3”)
and the simulated water surface elevations landward from Dyke Bridge (“Modeled US™).

Figure 8: Alternative 1 (Existing Conditions) W/O Gate Operations (Measured and
Simulated Water Surface Elevation Landward from Dyke Bridge)
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2+USs” is used as an abbreviation for “upstream” (landward) from Dyke Bridge.
3 “DS” is used as an abbreviation for “downstream” (seaward) from Dyke Bridge.
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Figure 9: Alternative 1 (Existing Conditions) W/O Gate Operations (Simulated Landward
and Measured Seaward Water Surface Elevations)
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5.1.1.2 Existing Conditions With Gate Operations

Existing conditions were simulated using the HEC-RAS unsteady-flow rules option to reflect
operation of the existing flapper gates and represents calibration of this model scenario to
existing conditions (Plan No. 87). These rules were programmed as internal boundary conditions
in HEC-RAS. The programmed rules were set to operate the four existing flap gates according to
the same rules. The analysis for existing conditions with gate operations used a minimum gate
opening of 0.35 ft to account for leakage through the existing gates and the causeway.

The rules for the existing conditions evaluation are shown in Figure 10. Figure 11 presents the
simulated water surface elevations (“Modeled US”) relative to the measured stage (“Observed
US”) landward from Dyke Bridge as measured by MaineDOT. The predicted water surface
elevations range from approximately -2.0 ft to -0.7 ft for a period of time when data obtained by
MaineDOT indicates water surface elevations of approximately -2.0 ft to -0.8 ft.

Table 12 presents invert