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1.0 Introduction

Marsh Bridge over Marshall Brook in Tremont and Southwest Harbor, # 2511, is slated for
partial replacement. Northstar Hydro, Inc. was retained by VHB to provide hydrologic,
hydraulic, and scour assessments for preliminary and final design. Results of that work are
detailed in this report.

Figure 1. Marsh Bridge, upstream face.

The bridge location is shown in Figure 2.
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Figure 2. Site Location, Marsh Bridge

Marsh Bridge is located on Marshall Brook (according to 1931 bridge plans) or Bass Harbor
Marsh according to USGS topo maps. The bridge opening is 23’3” from centerline abutment-to-
centerline abutment and 20’ actual width perpendicular to flow. The bridge is upstream from the
15 ft span Clark Bridge in Tremont which controls rate of tidal flow into and out of the Bass
Harbor Marsh. Clark Bridge has a minimum bottom elevation of 0.4° NAVD which, with its
narrow width also controls the flow of water into and out of the Marsh system. Clark Bridge is
slated to be replaced with a span similar to the existing opening so flow dynamics are not
expected to change.

During a typical daily tide, flow through the bridge was observed to be slow and water levels
change by only a few feet over a tide cycle due to the geometry of the downstream Clark Bridge.

Figure 3. Looking downstream from Marsh Bridge

This bridge is a combination of tidal action and upland marsh flow. MaineDOT’s Bridge Design
Guide recommends the following for tidal bridges:

“Bridges on tidal rivers/streams should be designed to protect the bridge structure itself. Most of
the surrounding land and the approach roadways may be inundated by relatively frequent tidal
storm surges. The minimum design freeboard in these areas is 2 feet above Q10 (based upon
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MHW) including wave heights. The finished grade of the bridge will be set by considering this
requirement, along with navigation clearance, the approach roadways, topography, and good
engineering judgment”.

Additional considerations for tidal bridges include flow rates for storm runoff from upland areas
and velocity of tidal flow for analysis of scour for daily fluctuations and during 100- to 500-year
type of events.

For upland bridges, MaineDOT recommends 2’ clearance for the 50-year flood and that the 100-
year flood not overtop the roadway.

This report summarizes both preliminary and final design data collected and analyses conducted
to characterize expected water levels on either side of the bridge and rates of flow through the
bridge. Analyses were conducted to:

e |dentify normal and annual high and low tide levels on either side of the bridge

e Identify storm tide levels

e Evaluate rates and direction of flow through the bridge under normal tide and storm tide
conditions
Evaluate impacts of freshwater storm runoff combined with tidal flow.
Evaluate impacts of bridge on water levels
Evaluate potential wave impacts
Evaluate potential scour impacts

The original bridge was built the early 1900’s with repairs being done in 1931. Marsh Bridge
and Clark Bridge are shown in aerial view in Figure 4.

Figure 4 Marsh and Clark Bridges, aerial view.

Figures 5 and 6 are site photographs of the bridge and surrounding area.
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Figure 5. Downstream face of Marsh Bridge.

Figure 6. Looking upstream from Marsh Bridge.

The proposed bridge will have a clear span of 20°, a slightly higher low chord and slightly lower
top of fascia.

2.0 Existing Data Review, Project Survey and GIS Database
2.1 Data Review

Prior studies related to tidal flood elevations include a July, 2016 FEMA Flood Insurance Study,
and the U.S. Army Corps of Engineers Tidal Flood Profiles, published in 2012. Existing tidal
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flood information is summarized in Table 1. Note that most available data relates to the ocean
side of Clark Bridge and not to Bass Harbor Marsh. FEMA provides the only estimate of tidal
flood elevation within the Marsh.

Elevations, 2012 — ocean
side of Clark Bridge.

Source of Data Datum 1.1- 10- 50- 100- | 100-year 500-
year |year |year |year | pluswaves year

FEMA Effective Study,

2016- ocean side of Clark NAVDS88 8.5 9 9.2 13 9.7

Bridge

FEMA Effective Study, 10

2016, Bass Harbor Marsh

Est. surge plus waves- 10.3- FEMA

ocean side of Clark Bridge, | NAVD88 12' 3 waves approx

FEMA ' 3.8

US Army Corps of

Engineers Tidal Flood NAVDS8 8| 85| 91| 94 9.9

Table 1. Summary of Predicted Storm Tide data, Tremont and Southwest Harbor

FEMA analyzed flood levels in Tremont and Southwest Harbor. The FEMA map is shown
below. Exposure to open water fetch for development of waves at the Marsh Bridge project site
is very small in Bass Harbor Marsh, so no wave action is anticipated at this bridge. FEMA
mapped the open ocean in this area as VE (storm-induced velocity wave action), elevation 13
and the Bass Harbor Marsh area as AE (1% flood elevation), elevation 10.
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Figure 7. Extracted from FEMA FIS, July 20, 2016

A summary of storm tide data is listed in Table 2 based on the FEMA FIS, the NOAA tide gage
at Bar Harbor and a USGS report on the storm of February 7, 1978.

Location Data Source Date Elev. Datum
Bar Harbor FEMA FIS 2/7/1978 9 NGVD
4/5/1979? 9.4 NGVD
3/16/1976 9.7 NGVD
Southwest Harbor | FEMA FIS 2/7/1978 7.6 NGVD
2/2/1976 8.9
NOAA tide gage
Bar Harbor record 2/7/1978 | 8.8, 10.2 NAVD
USGS 1978 storm
Southwest Harbor | report 2/7/1978 9.5 NGVD

Table 2. Recorded Storm Tide Data. Note NAVD is 0.62° above NGVD.
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Other available data include the NOAA tide gage at Bar Harbor. Tidal datums at the Bar Harbor
recording gage are shown in Table 3.

Bar Harbor, Station #8413320

Elevation

NAVD 88

Potential Sea Level Rise at Bar
Harbor

Up to 4’ during 75-year bridge life
span (NOAA)

HOWL — 2/7/1978 10.2
HAT — 2017 7.7
MHHW 5.4
MHW 5.0
NAVD 88 0.0
MSL -0.31
MTL -31
MLW -5.6
MLLW -6.0

Table 3. Summary of NOAA tidal data at Bar Harbor which reflect tide levels at the

downstream side of Clark Bridge.

2.2 Project Survey:

Project survey was conducted at Marsh Bridge and at the downstream Clark Bridge. Survey
extended to either side of each bridge. Survey data was imported to ArcView and processed to
depict relative depths at each bridge as shown in Figures 8 and 9.

Figure 8. Marsh Bridge TIN surface of relative elevations in feet based on project survey.
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Figure 9. Clark Bridge TIN surface of relative elevations in feet NAVD based on project survey.

2.3 DEM and GIS database

A GIS database was assembled containing a triangulated terrain model of the surveyed areas,
survey points, 2-meter digital elevation model with 2 foot contours of Tremont and Southwest
Harbor from Maine GIS, and aerial photography. The GIS database was used to develop cross
sections for the hydraulic model. Where cross sections extended onto land but were not included
in the survey, the 2-meter DEM values were used. Upstream of project survey, depths below
elevation 2.0 were estimated in Bass Harbor Marsh based on survey slope, air photos and field
observation.

3.0 Field Data January 31, 2017

A site visit and field data measurements were conducted by the Northstar Hydro team on January
31, 2017. Data collection date was selected based on available daylight hours, weather, and high
lunar tides. A partial falling and rising tide including time of low tide was measured.

For the Bar Harbor tide gage, MHHW to MLLW is 5.4 to -6.0. Highest annual tide predicted for
2017 was predicted for June 24 at 7.7 NAVD. Tides on the selected field day (1/31) ranged
from +6.6 to -6.0 NAVD. Site water level and flow data was collected from low to high tide.
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Data detail is included in the Appendix. Water level readings on each side of the bridge were
taken approximately every 15- 30 minutes by measuring from top of rail (at edge of angled
section) on the up- and down-stream sides of the bridge. Velocity was estimated through
observation of time of travel through the bridge in the center of the channel.

Figure 10. Water level measurements were taken from the lip of the rail, at the bottom edge of the angled portion at the center
of each side of the bridge.

The following observations summarize daily tide fluctuation at the site.

The bridge site is perpendicular to flow with very slow rate of flow.

The site does not dewater at low tide.

The bridge offers little to no restriction to tidal flow.

Water level changed very little on a rising tide. High tide was delayed at least two
hours beyond predicted high tide at Bass Harbor.

Estimated velocities as measured ranged up to 0.8 fps on an incoming tide and 0.5 fps
outgoing.

Measured tide levels vs. predicted tide levels at Bass Harbor are shown in Figure 11
below.

Tidal influence is minimized at the Marsh Bridge due to the constriction at Clark
Bridge.
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Marsh Bridge Tides, January 31, 2017
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Figure 11. Measured tides at Marsh Bridge vs predicted tides at Clark Bridge. Blue arrow shows base of channel elevation at
Clark Bridge. At Marsh Bridge, base of channel is at 1.99” NAVD.

4.0 Hydrology, Tidal, Upland and Sea Level Rise

4.1 Upland Hydrology

MaineDOT analyzed upland flows at the site using the USGS Regression Formula for Peak
flows for Maine. The site drains approximately 2 square miles (1280 acres) of drainage area.
Approximately 20 percent of the drainage basin is wetlands (256 acres). The high percentage of
wetlands provides significant storage and limits peak outflows. Peak flows are summarized in
Table 4 below. Clark Bridge flows are included in the table because this location is part of the
Marsh Bridge hydraulic model. Drainage area at Clark Bridge is 8.6 square miles and 22% of
the drainage basin is wetlands.
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Storm Frequency Marsh BR, Flow, cfs Clark BR flow, cfs
USGS

Years Regression | Stream Stats USGS Regression
1.1 29 12.8 71
50 157 100 354
100 184 117 405
500 241 150 526
DA, sq. mi. 2 2 8.6
% wetlands 20 30.9 22.4

Table 4. Upland Hydrology
4.2 Tidal Elevations

Tidal elevations as summarized in Section 2, Table 3 are recommended for model boundary
input downstream of Clark Bridge. Hydraulic modeling was used to assist in identifying storm
tide elevations upstream of Clark Bridge and at Marsh Bridge.

4.3 Sea Level Rise:

Adding Sea level rise according to MaineDOT Bridge Manual Chapter 12 recommendations, the
Bar Harbor tide gage is used as the base gage, with projected SLR added to tides. Sea level rise
estimate at the Portland gage by NOAA is 0.6’ over the last 100-years. Straight line extrapolation
leads to a continued estimate of about 1’ of additional rise over the life of the bridge. However,
per a MaineDOT memo dated July 9, 2017 (appendix), sea level trends are likely not linear.
Following a trend labeled as Intermediate High suggests potential rise of 4’ over the life of the
bridge (est 75-years).

The reference for straight line sea level rise and the description for the Portland gage is:

http://www.co-ops.nos.noaa.gov/sltrends/sltrends.html

For the NOAA Sea Level Rise Viewer, the reference page is:

https://coast.noaa.gov/digitalcoast/tools/slr.html
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Figure 12. NOAA Sea Level Rise Viewer

Figure 13. Screen shot from NOAA Sea Level Rise Viewer. For the Intermediate High Trend and a 75-year life span, a rise of 4' is
projected by this tool.
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5.0 Hydraulics

The hydraulic analysis was designed to identify flow characteristics at the bridge site that impact
aspects of the bridge design. For combined tidal/upland flow bridges, goals include:

Evaluate tide elevations on either side of the bridge
Evaluate the potential impact of changes to bridge geometry on tidal flow and tidal
elevations

Evaluate velocity of flow through the bridge for purposes of scour evaluation
Evaluate potential wave impacts
Evaluate upland flows combined with typical tides such as Highest Annual Tide.

This site is impacted by tidal exchange at Clark Bridge, upland flows up-stream of Marsh Bridge
and backwater and storage in Bass Harbor Marsh. The project site was modeled to include these
impacts with the model starting downstream of Clark Bridge and extending throughout Bass
Harbor Marsh and including upland flows into all of Bass Harbor Marsh.

5.1 HECRAS Hydraulic Model:

Several methods were utilized to evaluate flow at the bridge, including measuring flow on site,
and development of a HECRAS hydraulic model in unsteady flow mode to simulate flow during
storm events. Inputs for the unsteady flow model include a geometric model and a tidal
hydrograph. Figures 12-14 show the layout for the geometric model at different scales.

Figure 14: Marsh Bridge HECRAS model setup. Tidal boundary downstream of Clark Bridge. Survey in red at Clark Bridge and
Marsh Bridge. Estimated river sections in yellow. Marsh storage areas outlined in yellow.
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Bass Harbor Marsh

Marsh Bridge

Clark Bridge
Bass Harbor

Figure 15: Model layout including Bass Harbor, Clark Bridge, and Marsh Bridge

Figure 16: Model Layout at Marsh Bridge
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The model includes three stream reaches:

e Downstream reach, from downstream of Clark Bridge to junction with Marshall Brook
e Marshall Brook through Marsh Bridge

e Upstream reach of Bass Harbor Marsh above the junction with Marshall Brook.

Bottom profiles for the Clark and Marshall Bridge reaches are shown in figure 15.

Tremont Plan: Q1T100EX 6/27/2017
[~ Bass HarborClark Bridge J”L Marsh Marsh Bridge Jl
12

_tegend

+ Ground

Elevation (f)

-4y

0 1000 2000 3000 4000 5000

Main Channel Distance (ft

Figure 17. Clark Bridge and Marsh Bridge stream reach bottom profile. Note control elevation of 0.38' downstream of Clark
Bridge and 2.0 at Marsh Bridge.

The hydraulic model was first run using existing condition bridges. Proposed replacement

bridges are very similar to the existing condition. Modeled bridge sections are shown in figures
16-19.
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Figure 18. Clark Bridge, Existing Conditions
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Figure 19. Marsh Bridge, Existing Conditions
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Figure 20. Clark Bridge, Proposed
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Figure 21. Marsh Bridge, Proposed
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The model includes an unsteady tidal elevation boundary downstream of Clark Bridge with
upland flow input as a steady flow boundary. The following combinations were modeled for
final design:

Tide hydrograph at Ocean

Upland Flow, side, CBI/arkgBriF(;ge
Elev, NAVD

Frequency Frequency
_ high low
1-year MHHW 5.4 2.2
10-year MHHW 5.4 2.2
January Ave. 1/31/2017 (calib) 6.2 2.2
1-year 1-year 6.8 2.2
50-year 1-year 6.8 2.2
100-year 1-year 6.8 2.2
1-year 10 year no SLR 8.5 2.2
1-year 100-year surge only (HRT) 10.2 2.2
1-year 10 year plus 4 SLR 12.5 2.2

100-year with waves (no
1-year SLR;’ ( 13 22

Table 5. Summary of Model Tide and Flow combinations

Note that tidal low elevations below the highest stream bottom point within the model created
unstable conditions so tidal hydrographs were truncated at 2.2 NAVD.

Tidal hydrographs were developed using the Bar Harbor gage predicted highest annual tide
(HAT) curve, and the tide hydrograph for the February, 1978, or highest recorded tide (HRT) as
the 100-year tidal elevation. MaineDOT’s surge generation spreadsheet was also checked, but
did not generate surge levels to match the HRT. The tidal hydrograph for the 100-year storm
surge without waves at the ocean side of Clark Bridge is shown in Figure 23.

The HECRAS model was run with the above scenarios to provide estimates of typical tidal
elevations and velocities as well as the type of flow that may occur during a storm tide at Marsh
Bridge.

Figure 22 shows the calibration model run with recorded tides at Bar Harbor, model tides outside
of Clark Bridge, and modeled and measured tides at Marsh Bridge. Note that the model for the
calibration day used average January flows for upland flow.
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Marsh Bridge Tides, January 31, 2017
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Figure 22. Modeled vs. Measured Tides at Marsh Bridge.

Additional modeled tidal hydrographs on the ocean side of Clark Bridge are shown in figures 23
and 24.
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Figure 23. Tidal hydrograph showing 100-year storm surge without waves at ocean side of Clark Bridge.
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Figure 24. Tidal hydrographs for January 30, 2017, used for approx 1.1-year tide.in model.

5.2 Interaction between tides and upland flows.

The hydraulic model includes an unsteady flow boundary downstream of Clark Bridge, input as
a tidal hydrograph, truncated to the minimum channel elevation. The upland flow boundary was
considered to be a steady flow boundary using computed peak flows for selected recurrence
intervals. Generally, high upland flows were combined with typical high tides and storm tides
were combined with a 1-year type of streamflow. Using the upland flow as a steady state
boundary likely overestimates inflow into the system, resulting in high storage in the marsh area
in the model results. The model results likely show higher water elevations over time than
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would occur if modeling an upland hydrograph rather than steady flow. Figure 25 shows 1-year

tide/100-year flow interaction:
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Figure 25. 100-year upland flow coupled with typical high tide over several days at Marsh Bridge.
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Figure 26. Water levels and flow during 100-year upland flow (steady) coupled with HAT at Clark Bridge.

5.2 Wave Heights

Damaging waves are not likely to occur at Marsh Bridge due to limited fetch and water depths.
FEMA mapped this area as AE meaning not likely subject to wave action. FEMA mapped the
area beyond Clark Bridge as a V zone, but wave heights are limited to 3°. To check the effect of
wave action at Clark Bridge on Marsh Bridge, a tidal hydrograph was run to include 100-year

surge plus waves on the ocean side of Clark Bridge.
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138

Tide, Sea Flow, cfs, Frequency, | Elevation on Elevation at Marsh Elevation at
frequency in Level years ocean side of Bridge, NAVD Marsh Bridge,
years, Rise, ft Clark Bridge (Existing Bridges) NAVD,
(Proposed
Bridges)
Calibration, Jan Ave January 6.6” high, -6.0° Measured: 3.2t0 4.9, | Modeled 2.8-5.1
31, 2107 low. Modeled Modeled: 2.8 to 5.1°
low 2.2°. Velocity measured at -
0.8fps, modeled at -2.2
to +0.8 fps.
HOWL, 10.2 1-yr, 71/29 cfs 10.2 6.0 6.0
Bass/Marsh
HAT, 2017 1-yr 7.7 Not modeled Not modeled
MHHW 1-yr 5.4 4.7 4.7
MHHW 4 1-yr 9.4 Not modeled Not modeled
MHW 1-yr 5.0 Not modeled Not modeled
MSL 1-yr -0.31 2.6 2.6
NAVD 1988 1-yr 0.0 2.6 2.6
MLW 1-yr -5.6 2.6 2.6
MLLW 1-yr -6.0 2.6 2.6
LAT 1-yr 2.6 2.6
LOWL 1-yr 2.6 2.6
10-year 1-yr 8.0 5.7 5.6
10-year 4 1-yr 12.0 6.7 6.8
50-year 1-yr 9.0 Not modeled Not modeled
50-year 4 1-yr 13.0
100-year 1-yr 10.2 6.0 6.0
(1978, HOWL)
100-year 1-yr 9.2 Not modeled Not modeled
(FEMA)
100-year 4 1-yr 11.2/14.2 Not modeled Not modeled
100-year plus 1-yr 13.0 9.7 Similar to
waves, FEMA existing, model
unstable
500-year, 1-yr 9.7 Not modeled Not modeled
FEMA
1-year 100-year, 184/405cfs | 6.7 6.6 6.6
Marsh and Bass H
1-year 50-year, 354/157 cfs 6.7 6.5 6.3
Marsh/Bass
1-year 1-year, 71/29 cfs, 6.7 5.2 5.2
Marsh/Bass
Table 6. Summary of Hydraulic Data.
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Summary of Hydraulic Data Existing Bridge Proposed Bridge
Marsh Bridge, Tremont and Southwest Harbor NAVD
Low Chord, ft 8.57 8.9-9.1
Low chord at Clark Bridge, ft 8.8 9.7-9.9
Abutment to abutment width, ft 20 20
Total width of piers No piers No piers
Minimum Elevation of Road Profile — East/West 9.1and 9.0 9.06 and 8.9
Approaches, ft
10-year surge, no SLR 5.6 5.6
10-yr surge, 4’ SLR 6.7 6.8
100-yr surge, no SLR 6.0 6.0
50-year upland flow, 1-year tide 6.5 6.3
100-year upland flow, 1-year tide 6.7 6.7
Approximate Discharge Velocity at Q100, fps 2.1 2.1
Ordinary High Water Elevation ft (HAT 2017) with | 5.2 to 2.8 52t02.8
1-year upland flow
Discharge Velocity, 10-yr tide with 4” SLR, fps 4.4 4.4
Discharge Velocity for typical tides (close to HAT) | 2.2 2.2
Clearance @ 10-year surge, ft (current levels) 3.0 3.3
Clearance @ 50-year upland flow 2.1 2.4
Clearance @ 100-year upland flow 1.9 2.0
Clearance @ 100-year tide 2.6 2.7
Bridge Opening Area, ft2 127 135

6.0 Scour

Scour analysis yielded the following results:

The proposed reconstruction involves replacement of the deck only. No evidence of
scour was reported by MaineDOT at this bridge. A scour inspection was not part of this
study, but no obvious signs were noted during the site visit.

Existing timber piles are assumed driven to bedrock according to the geotechnical report.
It is recommended that scour protection be provided as shown on plans at the existing
abutments.

Geotechnical data describe the stream bed as fine silt clay. Estimate of D50 for this
material is 0.06mm.

Calculating critical velocity for fine silt clay gives approximately 0.8 fps for critical flow
velocity. At flow velocities higher than 0.8 fps, suspension of bed material is likely and
live bed contraction scour can occur.

Potential live bed scour was calculated for the 100-year tide/1-year runoff event at 0.0’
and for the 500-year runoff, 1-year tide as 7.7’. It is recommended that a number
between these two is chosen. Tidal flow travels in both directions and can thus carry
material back and forth through the opening. Tidal events do not last long and conditions
change quite rapidly. In this case, the tide fluctuates only several feet, but flow reverses
direction twice daily.
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e This location does not show evidence of scour over time. Flow rates are very slow with
maximum model velocities only reaching a little over 2 fps for any storm event. These
velocities happen for a short time during the tide cycle, so scour will not reach its full
extent as could occur for an inland bridge.

e Abutment scour is possible, but will be mitigated through use of scour protection at the
base of the abutments.

e Longterm bed: Estimated bed elevation of 1931 plans = 2.7°. Current bed level =
approximately 2°, indicating possible long term degradation. However, the bed profile
shows some possible deposition on either side of the bridge and higher bed levels within
the bridge than immediately up- or down-stream.

e The site has more flow from upstream to downstream due to upland freshwater runoff, so
it is possible to have long term degradation even though flow reverses twice daily.

e Contraction scour at tidal bridges rarely reaches ultimate scour levels due to reversal of
flow direction.

e Scour estimates are challenging at tidal bridges. This bridge experiences tidal and upland
flow but rates of flow are mitigated by the wide marsh on either side of the bridge and the
small width of flow at Clark Bridge. Many conditions were modeled and worst case
velocities were chosen for scour computations. The calculations assume that modeled
conditions continue for a long time, whereas at this bridge, flow will not be steady for
more than a few hours at a time.

e At this location, the worst case appears to be 500-year upland runoff coupled with a
typical annual high tide, resulting in potential scour of 7.7’ due to the contraction.

e Given the unique flow characteristics at this bridge, it is likely that scour would be
limited and a value of about half the computed value would be reasonable for design if
new abutments were being constructed.

e Since the existing abutments are being retained the only recommendations are:

o0 Consider riprap at base of abutments while maintaining existing bed levels.
o Continue to monitor this location for potential scour under MaineDOT inspection
program.

7.0 Summary and Conclusions

1.

w

Marsh Bridge carries Route 102 over an arm of Bass Harbor Marsh labeled as Marshall
Brook on the USGS Topographic Map. Water elevations in Bass Harbor Marsh are a
combination of tidal waters that flow into the Marsh via Clark Bridge and upland runoff into
the Marsh. Marsh Bridge has a 20’ span, larger than the 15° span at Clark Bridge. Flow is
very slow and water levels fluctuate by only a few feet. Water levels do not drop below
Mean Sea Level, being limited by the Marsh Bridge bottom elevation of 2.0°.

Wave action is not expected to occur at this location. Small wind generated waves are
possible, but not of a damaging nature. Fetch is limited and depths are shallow, thus limiting
potential wave development.

Flow is generally perpendicular to the bridge span.

Maximum flow velocity measured in the field was less than 1 foot per second. Modeling with
HECRAS for higher flows indicates generally low velocities at this bridge, even with 100-
year runoff or tidal surge hydrograph.
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5. The existing low chord is 8.57° above NAVD. Proposed low chord will be 8.9-9.1” above
NAVD.

6. The new bridge will replace the existing single span bridge with a new single span bridge and
will maintain the current abutment to abutment width of 20°. BFW calculated at this site is
11’ so the bridge is more than adequate for upland flows.

7. Sea level rise projections by NOAA vary greatly depending on the trend line selected. Using
a linear extrapolation of Portland or Bar Harbor tide gage data yields about 1’ of possible rise
in the life of the new bridge. Using NOAA'’s intermediate High curve projection, a rise of 4’
is possible in the life of the bridge. With current MHHW at 5.4°, MHHW could potentially
be 9.4’ at the ocean side of Clark Bridge and in the range of 5.8 at Marsh Bridge (+about
1.2°over current conditions).

8. The profile and surrounding land at this bridge site limit options for any raise in bridge
profile.

9. 100-year storm tide of 10.2 at Clark Bridge yields a storm elevation at Marsh Bridge of 6.0’.
A surge level of 13’ yields a storm tide at Marsh Bridge of 9.4’ according to model results.

10. The 10-year surge level at Clark Bridge without SLR is 8.5 and with SLR is 9.5-12.5. 12.5’
at Clark Bridge yields a level at Marsh Bridge of about 12.0° due to overtopping.

11. 10-year upland flow level at Marsh Bridge is 5.4°. 4’ of sea level rise could result in this
level to rise about 1’ at Marsh Bridge.

Design recommendations include:

1. The existing span length does not impact water levels. Based on modeling of water levels,
tidal flow and predicted upland flows the existing span is adequate.

2. The abutments are not being replaced, but it is recommended that regular inspections include
checking for scour.
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Environmental Office — Hydrology Section
16 State House Station

A ta ME 04333-0016 .
2075571052 Maine Department of

Charles.Hebson@maine.gov .
Transportation

Memo

To: Jim Wentworth

From: Charles Hebson

ccC: Mike Wight

Date: 2017 July 09

Re: 21677 Brooklin-Sedgewick River Bridge #3216 — Sea Level Rise

Summary and Recommendation

| recommend planning for 4-ft of sea level rise by year 2100; this corresponds to the “Intermediate” CO2 emissions
scenario. A rise of 4-ft also equates to the “Intermediate High” scenario at year 2075. Thus, planning for 4-ft SLR
provides protection against the Intermediate High forecast through 2075 and the Intermediate forecast through 2100.
The ultimate SLR value chosen for design may differ from the accepted SLR projection due to project-specific
considerations as well as program constraints. The minimum acceptable value for design should be 2-ft.

Discussion

Sea Level Rise (SLR) projections for Portland ME are shown in Figure 1 (based on NOAA Sea Level Rise Viewer). Six
SLR scenarios are depicted: Low (L), Intermediate Low (IL), Intermediate (I), Intermediate High (IH), High (H) and
Extreme (E), corresponding to CO2 emissions. These scenario names do not imply a probability of actually happening.

Scenario L is a simple linear extrapolation of the historic SLR trend at Portland over the past 100 years; it does not
account for climate change and CO2 emissions. This would be the minimum SLR for design, at about 8-in. For design
purposes, this would be rounded to 1-ft. However, general consensus is that CO2 emissions are increasing the rate of
SLR change and so it is prudent to anticipate SLR greater than a simple extrapolation the historic trend.

The other scenarios are based on different assumptions about CO2 emissions through 2100. It is impractical to design
for scenarios H and E. And even if one of these were to develop, the associated problems would be much greater than
this particular bridge. Therefore, these scenarios have been eliminated from further consideration.

This leaves the three Intermediate scenarios (Low, Middle, High). Scenario IL (1.5-ft) isn't much different than L (as a
practical matter and for our purposes, L could be folded into IL). Values similar to IL have been used on several recent
MaineDOT projects. The IL value is consistent with State of Maine Sand Dune Rules (2006) that specify 2-ft SLR by
2100. The concern with IL is that given the observed CO2 emissions and temperature changes since 2000, many
experts believe that it is increasingly unlikely that SLR will follow the IL path. This leaves scenarios | and IH as
candidates for the basis of design, along with a value of 2-ft as the desirable minimum.

Choosing between | and IH comes down to one’s opinion as to what CO2 scenario plays out, how good the climate
models are, and what is “doable” from a MaineDOT perspective. The biggest unknown here is future CO2 emissions,
which is ultimately a political uncertainty beyond and outside climate modeling. Following that are acknowledged
issues and uncertainties with climate modeling. In the context of these unknowns and uncertainties, it is reasonable to
start with the Intermediate projection of 4-ft SLR by 2100. Subsequent project considerations may alter this design
assumption. This should be augmented by a minimum acceptable value of 2-ft SLR.
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Figure 1. Sea Level Rise Projections for Portland (from NOAA Sea Level Rise Viewer)
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WIN:
Town:
Route No.

Asset ID:
Lat:

21702.00

Southwest Harbor

ME102

2511

44.2534

Long:

-68.34073

Project Name:

Southwest Hbr-Tremont Marsh Br

Stream Name:

Hancock Stream

Bridge Name:

Marsh Bridge

Analysis by: CSH

Date:

5/18/2017

Peak Flow Calculations by USGS Regression Equations (Hodgkins, 1999 & Lombard/Hodgkins, 2015)

Enter data in blue cells only!

2

mi?

km ac
A 5.18 2.00 1280.0
w 1.04 0.4 256.0
P 553466 4899399
County |Hancock
pptA 45.2
SG 0.00
A (km?) 5.18 Conf Lvl
W (%) 20.00
Ret Pd  Peak Flow Estimate
T (yr) Lower Q;(m%s)  Upper
1.1 0.81
2 1.59
5 2.44
10 2.99
25 3.91
50 4.45
100 5.20
500 6.83

Enter data in [mi?]
Watershed Area DRNAREA
Wetlands area (by NWI)

watershed centroid (E, N; UTM 19N; meters)

choose county from drop-down menu

mean annual precipitation (inches; by look-up)
sand & gravel aquifer as decimal fraction of watershed A

NWI Wetlands % STORNWI

Q: (ft%s)

28.5
56.1
86.1
105.5
138.1
157.0
183.7

2411

Worksheet prepared by:
Charles S. Hebson, PE
Environmental Office

Maine Dept. Transportation
Augusta, ME 04333-0016
207-557-1052
Charles.Hebson@maine.gov
ver. 2016 Feb 05

References:

Hodgkins, G.A., 1999.

Estimating the magnitude of peak flows for streams
in Maine for selected recurrence intervals

WRIR 99-4008, USGS Augusta, ME

Lombard, P.J. & G.A. Hodgkins, 2015.

Peak flow regression equations for small, ungaged streams in
Maine - Comparing map-based to field-based variables

SIR 2015-4059, USGS, Augusta, ME

Q;=bxA*x 10"

Note: NWI map value = 30.9% > data set limit = 20%, therefore 20% used here for conservative Qp estimates.
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WIN:
Town:
Route No.
Asset ID:
Lat:

21702.00

Southwest Harbor

ME102

2511

44.25336 Long: -68.34073

Project Name: Southwest Hbr-Tremont Marsh Br
Stream Name: Hancock Stream

Bridge Name: Marsh Bridge

Analysis by: CSH

Date: 5/18/2017

DO NOT ENTER ANY DATA ON THIS PAGE; EVERYTHING IS CALCULATED

MAINE MONTHLY MEDIAN FLOWS and HYDRAULIC GEOMETRY BY USGS REGRESSION EQUATIONS (2004)

Value
2.00
553465.6] 4899399
20.83
45.2
0.00

Month Qmedian

(ft3/s)

Jan 4.20
Feb 4.96
Mar 11.46
Apr 8.43
May 2.23
Jun 1.55
Jul 0.47
Aug 0.33
Sep 0.36
Oct 0.65
Nov 2.45
Dec 5.06
Quf 10.7
ann avg 4.2
ann med 2.1
Q1.002 13.0
Q101 17.2
Q105 24.1
Quf 33.1
Wi 11.0
dps 0.8
Apt 8.3

Variable Explanation
A Area (mi®)

Pe Watershed centroid (E,N; UTM; Zone 19; meters)
DIST Distance from Coastal reference line (mi)

pptA  Mean Annual Precipitation (inches)

SG Sand & Gravel Aquifer (decimal fraction of watershed area)

(m%s)
0.1190
0.1405
0.3246
0.2388
0.0632
0.0439
0.0132
0.0094
0.0102
0.0183
0.0695
0.1433

Flow (ft3/s)

Median Monthly Flows

12

10

12

assume v = 4ft/s

estimated bankfull width (ft)
estimated bankfull depth (ft)

estimated bankfull flow area (ft’)

References
Dudley, R.W., 2004. Hydraulic Geometry Relations ..., SIR 2004-5042

Dudley, R.W., 2004. Estimating Monthly Streamflows ... , SIR 2004-5026
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Percentile

100

90

80

70

60

Daily Average Flow Distribution

JASO

May

Apr

Daily Average Flow (ft3/s)

10

15

Pctl
5
10
15
20
25
30
35
40
45
50
55
60
65
70
75
80
85
90
95

Qbf
Ql.002
Ql.l
Q>

Daily Avg Flow Dist
Ays = (Mi®) 2.0

Q (ft%s)

Median 84" pctl
0.31 0.51
0.47 0.70
0.60 0.88
0.76 1.06
0.93 1.25
1.10 1.42
1.32 1.62
1.55 1.87
1.80 211
2.08 2.49
241 2.90
2.87 341
3.35 3.97
3.93 4.63
4.77 5.57
5.94 6.65
7.50 8.52
9.94 11.44
14.75 17.79
10.7
13.0
28.5
56.1
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NOTE: This page is for preliminary sizing only.

Final design should be done with HY8 or HDS-5

Preliminary Culvert Sizing - Round & Box Culverts Note:
Shape: Box culvert dimensions are for open flow area; adjust for lost capacity
Type: Box 0 ww Qas 138.1 due to embedding / backfilling (min {2' / 25% rise} embedment)
D or R (ft) 6 Qso 157.0 tialD/R = 6.3
w (ft) 12 box width Q100 183.7 trial w: BFW = 11.0
Slope (ft/ft) 0.02
A (ft) 72.00
g (ft/s?) 322
Performance Curve - Inlet Control Dimensionless Perf Curve - Inlet Control
2.0 2.0 /
Q2 Q100 /
| /
Qs s | Quoo Qs |
7z
g 10 € 10 /
Ig T /
L/
I’/
0.0 : : 0.0 +—
125 150 175 200 0.00 0.20 0.40 0.60 0.80 1.00 1.20
Q (ftfs) Q* = {QIA@D)*?}
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Southwest Harbor - Tremont 21702 Marsh Bridge #2511

Region ID:

ME

Workspace ID:
ME20170518104626041000

Clicked Point (Latitude, Longitude):
44.25336, -68.34073

Time:

2017-05-18 12:51:43 -0400

Basin Characteristics
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Parameter
Code

DRNAREA

STORNWI

ELEV

PRECIP

SANDGRAVAP

COASTDIST

CENTROIDX

CENTROIDY

SANDGRAVAF

LC11IMP

LC11DEV

LCO6WATER

ELEVMAX

BSLDEM10M

STATSGOA

Parameter Description
Area that drains to a point on a stream

Percentage of storage (combined water bodies and wetlands) from the National
Wetlands Inventory

Mean Basin Elevation

Mean Annual Precipitation

Percentage of land surface underlain by sand and gravel aquifers
Shortest distance from the coastline to the basin centroid

Basin centroid horizontal (x) location in state plane coordinates

Basin centroid vertical (y) location in state plane units

Fraction of land surface underlain by sand and gravel aquifers

Average percentage of impervious area determined from NLCD 2011 impervious
dataset

Percentage of developed (urban) land from NLCD 2011 classes 21-24
Percent of open water, class 11, from NLCD 2006

Maximum basin elevation

Mean basin slope computed from 10 m DEM

Percentage of area of Hydrologic Soil Type A from STATSGO

Bankfull Statistics Parameters [100 Percent (1.97 square miles) Central and Coastal Bankfull 2004 5042]

Value

30.86

36.1

49.4

0

21.5

553465.59

4899399.25

1.97

4.95

159.8

4.11

11

Unit
square miles

percent

feet
inches
percent
miles

State plane
coordinates

State plane
coordinates

dimensionless

percent

percent
percent
feet

percent

percent
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Parameter Code Parameter Name Value Units Min Limit

DRNAREA Drainage Area 2 square miles 2.92

Bankfull Statistics Disclaimers [100 Percent (1.97 square miles) Central and Coastal Bankfull 2004 5042]

One or more of the parameters is outside the suggested range. Estimates were extrapolated with unknown errors

Bankfull Statistics Flow Report [100 Percent (1.97 square miles) Central and Coastal Bankfull 2004 5042]

Statistic Value
Bankfull Streamflow 10.7
Bankfull Width 11
Bankfull Depth 0.752
Bankfull Area 8.26

Bankfull Statistics Citations

Max Limit

298

Unit

ftA3/s

ftr2

Dudley, R.W.,2004, Hydraulic-Geometry Relations for Rivers in Coastal and Central Maine: U.S. Geological Survey Scientific

Investigations Report 2004-5042, 30 p (http://pubs.usgs.gov/sir/2004/5042/pdf/sir2004-5042.pdf)

Peak-Flow Statistics Parameters [100 Percent (1.97 square miles) Statewide Peak Flow DA LT 12sqmi 2015 5049]

Parameter Code Parameter Name Value Units Min Limit Max Limit
DRNAREA Drainage Area 2 square miles 0.31 12
STORNWI Percentage of Storage from NWI 30.86 percent 0 22.2

Peak-Flow Statistics Disclaimers [100 Percent (1.97 square miles) Statewide Peak Flow DA LT 12sqmi 2015 5049]
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One or more of the parameters is outside the suggested range. Estimates were extrapolated with unknown errors

Peak-Flow Statistics Flow Report [100 Percent (1.97 square miles) Statewide Peak Flow DA LT 12sqmi 2015 5049]

Statistic Value Unit

1.01 Year Peak Flood 12.8 ftA3/s
2 Year Peak Flood 38.5 ftA3/s
5 Year Peak Flood 57.7 ftA3/s
10 Year Peak Flood 68.9 ftA3/s
25 Year Peak Flood 90.2 ftA3/s
50 Year Peak Flood 100 ftA3/s
100 Year Peak Flood 117 ftA3/s
250 Year Peak Flood 126 ftA3/s
500 Year Peak Flood 150 ftA3/s

Peak-Flow Statistics Citations

Lombard, P.J., and Hodgkins, G.A.,2015, Peak flow regression equations for small, ungaged streams in Maine— Comparing map-
based to field-based variables: U.S. Geological Survey Scientific Investigations Report 2015-5049, 12 p.
(http://dx.doi.org/10.3133/sir20155049)
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[geometry files flow files Q, freq |Tide, freq |SLR
name number name number
GISExport .01 Q100tide1yr .u01 100 1
Edited .g02 Qltidelyr .u02 1 1
Existing .g03 Qitide100yr .u03 1 100
PROPOSED .g04 Qltide100yrwwaves |.u04 1[{100W
PROPOSEDcoffer .g05 Q50tidelyr .u05 50| 1
QltideFielddata .u06 1|calib
Q1T10SLR4 .uo7 1 10
Q1710 .uo8 1 10
Q1Tmhhw .u0g 1[MHHW
Q10TMHHW .ul0 10([MHHW

Upland Flow,

Tide hydrograph at Ocean si

ide, Clark Bridge

Frequency Frequency Elev, NAVD

high low
1-year MHHW 54 2.2
10-year MHHW 54 22
January Ave. 1/31/2017 (calib) 6.2 2.2]
1-year 1-year 6.8 2.2
50-year 1-year 6.8 2.2
100-year 1-year 6.8 2.2
1-year 10 year no SLR 8.5 2.2
1-year 100-year surge only (HRT) 10.2 2.2]
1-year 10 year plus 4° SLR 12.5 2.2
1-year 100-year with waves (no SLR] 13 2.2]

[geometry Tide
Plan # name EX PRO PROcoff Flow Qfreq field MWH MHHW 1 10| 50, 100|100w SLR4
.p01 PROQS0T1 .g04 .u0s 50, 1
.p02 EXQ50T1 .g03 .uos 50, 1
.p03 EXQ100T1 .g03 .u0l 100 1
.p04 PROQ100T1 .g04 .u0l 100 1
.p06 EXQ1T100 .g03 .u03 1 100
.p07 PROQ1Tfield .g04 .u06 1ffield
.p08 Q1T100wavesEX .g03 .u04 1 100W
.p0S PROQ1T10SLR4 .g04 .uo7 1) 10| SLR4
.p10 EXQ1T100 .g03 .u03 1 100
.pll PROQ1T100 .g04 .u03 1] 100
.p12 PROQ1T1 .g04 .u02 1] 1
.p13 PROQ1T10 .g04 .uog 1] 10|
.pl4 PROcoffQ1Tfield .g05 .uo6 1ffield
.p15 PROQITMHHW .g04 .u09 1] MHHW
.p16 EXQ1MHHW .g03 .uo0g 1] MHHW
p17 EXQ1Tfield .g03 .u06 1ffield
.p18 PROcoffQ50T1 .g05 .u0s 50, 1
.p19 PROcofQ1T100 .05 .u03 1] 100
.p20 PROcofQ100T1 .g05 .u0l 100 1
.p21 PROcofQ1T1 .g05 .u02 1] 1
.p22 PROcofQ1T10SLR4 .805 .uo7 1] 10 SLR4
.p23 PROcofQ1T10 .g05 .uog 1] 10|
.p24 PROcofQ1IMHW .g05 .u0s 1] MHHW
.p25 EXQ10TMHHW .g03 .ul0 10| MHHW
.p26 PROQ10TMHHW .g04 .ul0 10| MHHW
.p27 PROcofQ10TMHHW .g05 .ul0 10| MHHw
.p28 EXQ1T10SLR4 .g03 .u07 1] 10| SLR4
.p29 EXQ1T10 .g03 .uo8 1 10|
.p30 Q1T100wavesPRO .g04 .u04 1] 100W
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Tremont Marsh Bridge Tides

31-Jan-17

MLLW MLLW to NAVD -5.7244 ft
Water Level (MLLW-ft) ft)
Date Time Bass Harbor TY Bass Harbor
0:39 0:39 1041 H 4.69 Measurements Elev. Bridge Rail
6:14 6:14 0.01L -5.71 12.17 this is top of fascia not rail.. Correct
12:43 12:43 1099 H 5.27 14.45 The Northside (ds) top of rail elevation on average is 14.45'
18:41 18:41 -0.062 L -5.79 14.39 The Southside (us) top of rail elevation on average is 14.39'
Center elev= DS center = Added Dist Depth to Measurement (in.) AVE Secon{velocity
Tape length Time
Time US Center DS center = Correction US center DS center US Elev DS Elev US->DS  |DS->US  |Seconds 29
8:03 116.00 117.00 14.00 130.00 131.00 3.56 3.53 0.02 125.8 0.23
8:38 119.75 119.50 14.00 133.75 133.50 3.24 3.33 -0.08
9:00 117.50 119.00 14.00 131.50 133.00 3.43 3.37 0.07 187.0 0.16
9:32 117.50 120.00 14.00 131.50 134.00 3.43 3.28 0.15 89.8 0.32
10:01 118.50 120.25 14.00 132.50 134.25 3.35 3.26 0.09 96.0 0.30
10:36 118.50 121.00 14.00 132.50 135.00 3.35 3.20 0.15 94.7 0.31
11:32 116.00 117.00 14.00 130.00 131.00 3.56 3.53|Direction Change 71.9 0.40
11:59 115.25 113.00 14.00 129.25 127.00 3.62 3.87 -0.25 37.05 -0.78
12:30 111.5 109.00 14.00 125.50 123.00 3.93 4.20 -0.27 38.15 -0.76
13:32 105.00 103.00 14.00 119.00 117.00 4.47 4.70 -0.23 41.89 -0.69
13:59 102.50 100.50 14.00 116.50 114.50 4.68 4.91 -0.23 61.78 -0.47
14:31 99.50 102.00 14.00 113.50 116.00 4.93 4.78|Direction Change 60.78 0.48
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Other surge levels worksheet

10-year
SLR

waves NA

8.50
4.00

[Enter historical hydrograph in column B NOAA | ADCIRC | _semi- | NWS38 MHW 5]
MHHW = 5.40) Ht/2-ft sp. diurnal D=R/f MLW -5.6
MLLW — ~6.00] 5495 2.1 0.94
T0yrsurge | 3.02
INGVD. 0.00} 0.65[MHW-MLV| 5 hr
[NAVD 065 0]
surge = 2.1 stable 10
ADCIRC | 1/2 MHHW- 10yrplus | Surgeat | SLRmin | SLR22 |10yrat |10-yrat8s MHW -
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Estimated standard deviation of depth of bedrock

is £10% or 2 feet, whichever is greater.

1.

2. The depths determined for bedrock are depths

of competent rock; weathered and/or fractured

bedrock might occur at shallower depths.

3. Data were analyzed using the Generalized
Reciprocal Method.
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