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1.0 PURPOSE AND SCOPE

The purpose of this study is to assess feasibility-level Continuing Authorities Program
(CAP) Section 206 aquatic ecosystem restoration alternatives in the Royal River. This
entails the assessment of two low head dams (Bridge Street and East EIm Street Dams)
and one natural fall (Middle Falls) on the river and 7.01 miles of the waterway, from the
head-of-tide to the upstream limit of the East EIm Street Dam impoundment. Both dams
have nonfunctioning/minimally functioning fishways. The project has the potential to
restore access to approximately 32 miles of river habitat on the mainstem Royal River
for migratory fish species, providing the fish with upstream access to historic
reproductive habitat for adults and nursery habitat for the development of eggs and
juvenile life stages. The project could also restore access to aquatic organisms along
many additional miles of habitat within the tributaries of the Royal River. A cost
effectiveness and incremental cost analysis is contained in the main report.

This appendix presents hydrologic information, feasibility-level hydraulic analyses of
aquatic organism passage modifications (including with- and without-dam conditions),
and discussion of the results of the dam removal alternatives. The analyses include an
evaluation of the study reach, including historical storms and previous studies, flow
development, hydraulic modeling of existing conditions, and modeling to support
evaluation of alternatives. Sections included in the report are: a description of the study
area, study procedures including aquatic organism passage/dam removal alternatives
and results, and a summary.

2.0 AUTHORITY

This aquatic ecosystem restoration study was conducted under the authority of Section
206 of the Water Resources Development Act (WRDA) of 1996. This authority allows
the U.S. Army Corps of Engineers (USACE), in cooperation with its project sponsor and
partners, to develop aquatic ecosystem restoration and protection projects that improve
the quality of the environment, and that are in the public’s interest while being cost
effective. The Aquatic Ecosystem Restoration Program focuses on restoration of
ecosystem structure and function necessary to support aquatic organism and wildlife
habitat.

Section 206 of the Water Resources Development Act of 1996 PL 104-303 entitled
Aquatic Ecosystem Restoration, states in part,

“The Secretary [of the Army] may carry out an aquatic ecosystem
restoration and protection project if the secretary determines that the
project — will restore the quality of the environment and is in the public
interest; and is cost-effective.”
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3.0 DESCRIPTION OF THE STUDY AREA

3.1 GENERAL

The study area (shown in Figure 1) is located on the Royal River in the town of
Yarmouth, Maine, at approximately latitude 43° 45’ N., and longitude 70° 11° W. in
Cumberland County. The Royal River is in the Presumpscot Basin (HUC-8 watershed
01060001) which is in the Saco River Basin (HUC-4 watershed 0106). The Hydrologic
Unit is located entirely in Water Resource Region (i.e., HUC-2 watershed) number 01,
the New England Region. The entire Royal River watershed drains an area of 143
square miles and flows 39 miles predominately north to south from headwaters at
Sabbathday Lake in New Gloucester, ME to its mouth near Parker Point in Casco Bay

(Atlantic Ocean).
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Figure 1: Royal River Wafefshed. Study Area Circled in Red.
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The watershed is sparsely developed woodland and contains some hilly terrain. The
watershed includes many bodies, including lakes and ponds (e.g., Crystal Lake,
Runaround Pond and Sabbathday Lake) and tributaries such as Chandler Brook,
Collyer Brook and Collins Brook. The total fall in the Royal River from Sabbathday Lake
to the ocean is approximately 300 feet, or an overall average of 7.7 feet per mile,
however approximately 70 feet of the drop is accounted for in the mile above the head-
of-tide.

There are four sets of rapids along the Royal River in the mile of its course upstream of
the head-of -tide. These are numbered First through Fourth, with the Fourth being the
farthest upstream and the First being the closest to the ocean as shown in Figure 2.
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Figure 2: Royal River Study Area

At the First Falls of the Royal River, at Grist Mill Park, is located at the approximate
Head-of-Tide. The river falls approximately 10 feet over a distance of 200 feet.
Historically, the river power had been used at this location for mills since 1674, and later
for hydroelectric power, however no damming surface remains at the site.
3
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At Bridge Street, there is a run-of-river dam in Yarmouth at the Second Falls of the
Royal River. The location has provided power for the material industry since 1847Under
normal conditions, the impoundment is approximately 1,800-feet in length, with a
maximum depth of 25 feet, with a normal impounded volume of approximately 100 acre-
feet. There is a fish ladder structure at the dam, designed to promote fish passage by
allowing for fish passage of 25 feet vertically over a distance of 90 feet. Additionally,
there is a non-functional hydroelectric facility at the dam.

The Third Falls (Middle Falls) at Factory Island has historically powered a grist mill,
carding mill, nail mill, soda pulp-and-paper mill. Following a fire in 1931, the complex fell
into disuse and the remains of the buildings existed until they were removed by the
Marine Corps in 1971.

The Fourth Falls of the Royal River is located 900 feet upstream of the Third Falls, at
Gooch Island and East EIm Street. A dam at this location has been historically used to
supply water and power for local industries. A historic mill race, Foundry Channel, is in
this vicinity allowing some of the Royal River flows to bypass the dam.

3.2 PROJECT AREAS
3.2.1 Bridge Street Dam

The Bridge Street Dam is located approximately 2000 feet upstream from the head-of-
tide in the Royal River, near East Main Street and the State Route 88 Bridge (Figure 3).
This site is known as the Second Falls of the Royal River in Yarmouth, Maine. The dam
is constructed on visible metamorphic bedrock 250 ft upstream from Bridge Street.

The dam is a gravity type run-of-river structure spanning the full width of the river. It is
constructed of masonry and reinforced concrete. The structure is approximately 275
feet in length and is 10-feet in height. In the most recent inspection report, the dam is
described from left to right as being comprised of “a 102 foot-long non-flow section, an
approximately 10-foot-wide by 8-foot-high right sluice bay section with stoplogs, an
approximately 130-foot-long ungated spillway section and a 7.5-foot-wide by 10-foot-
high left sluice bay section with stoplogs” (Johnson 2014).The dam has a sloped
upstream face and a vertical downstream face. The spillway is located near the center
of the dam, approximately 75 feet long. Low-flow sluiceways are cast into either end of
the spillway and are controlled by removable weir planks.

The Bridge Street Dam was originally constructed in 1870 to provided low-head water to
the adjacent Sparhawk Mill through a metal penstock (Figure 4). The Sparhawk Mill
Hydropower plant was a FERC operated dam until 2019. The intake structure and 200-
foot-long welded steel penstock from the original hydroelectric plant, are still in place.
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Figure 4: Bridge Street Dam, Royal River, Yarmouth, Maine
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In an effort to improve fish passage, a concrete Denil-type fish ladder was built into the
southwest end of the dam’s spillway in 1974 (Figure 5). The fishway consists of two 3-
foot wide concrete segments with 19 baffles each and “a 13-foot long, 120 degree
turning pool” that separates the two segments The design of the fish ladder does not
match current design recommendations. It is suitable for alewife but is problematic for
other native anadromous species (Interfluve, 2018).

The effectiveness of the structure is dependent on many conditions including water flow,
regular maintenance, and debris removal. For many years, the fish passage structure
was inoperable due to damage and lack of maintenance. In recent years, a local group
of volunteers have repaired the fish ladder. Their efforts have shown some success, as
they have filmed fish moving through the fish ladder in 2024, though individual fish
passage is measured in tens of fish (Royal River Fish Passage, 2024).

Figure 5: Denil-type fish ladder at the Bridge Street Dam
The dam and fish ladder are currently owned by the town of Yarmouth.

The impoundment above the Bridge Street Dam Impoundment extends from the dam
upstream to the Middle Falls 2000 feet upstream. The overall length of the
impoundment is 2,000 ft. The surface area of the impoundment at normal pool level is
approximately 9 acres, with a maximum depth of 15 ft (Stantec, 2015).
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3.2.2 East EIm Street Dam

The East Elm Street Dam is located approximately a-half mile upstream of the Bridge
Street Dam and 0.23 miles upstream of Middle Falls. The area is also known as the
Fourth Falls and Gooch’s Falls. The Dam is a stone, run-of-river, gravity-type structure
approximately 250 feet in length (including abutments), with a 12-foot structural height
(Figure 6). The dam is built on a bedrock outcropping that is an extension of Gooch
Island, immediately east of the dam (Figure 7). The structure of the dam consists of “a
loose-laid, large-granite-block structure, a sloping concrete overlay on the upstream
side, and a concrete overlay on portions of the downstream side.” (Powers, 2009)

, k: Fish Passage
Structure

Gooch Island

[T

Goggle earth

Figure 6: Aerial view of the East EIm Street Dam at Royal River Park
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Figure 7: East Elm Street Dam, Royal River, Yarmouth, Maine

Gooch Island splits the Royal into a main channel (west of Gooch Island), and a
narrower back channel (east of Gooch Island). The entire length of the dam serves as a
spillway, which has a granite block crest (Stantec 2010).

In 1979, a concrete Denil-type fishway was built by the Maine Department of Marine
Resources at the southern end of the dam (Figure 8). The fishway has a 1:6 slope and
includes a concrete chute with slanted wooden baffles, trash racks and a slide control
gate at the upstream inlet (Petrovsky, 2019). The structure is 3-foot wide with three
segments. The first and second segments are separated by “a 16-foot long, 90 degree
turning pool”, while the second and third segments are separated by a 180-degree
turning pool. The structure allows an 11ft rise from entrance to exit.

Similar to the Bridge Street fish passage structure, the structure at East EIm Street Dam
eventually fell into disrepair and was not functional. In recent years, a local group of
volunteers have repaired the fish ladder.

The dam and fish ladder are currently owned by the town of Yarmouth.

Royal River, Yarmouth ME Detailed Project Report &
206 Aquatic Ecosystem Restoration Environmental Assessment
Restoration Study



Figure 8: Denil-type Fish Ladder near the East Elm Street Dam

3.2.3 Middle Falls

Middle Falls is a natural barrier to aquatic organism passage that is located between the
Bridge Street and East EIm Street Dam. This feature is 2000 ft upstream of Bridge
Street Dam. The area was formerly the site of the Forest Paper Company mill, which
spanned the river from the south shore to Factory Island (Figure 9).

“At this site, the river bifurcates around Factory Island with the main channel (and falls)
on river right and a small side channel on the east side of Factory Island that also
connects the head and tailwaters of the falls” (USFWS 2017).
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Forest Paper Co. Mills from Roysll River
Yarsauth, M.

Figure 9: The Forest Paper Company Mill formerly at Middle Falls

Prior to 2012, remnants of the mill complex encroached into the river channel, including
a stone structure spanning the channel to the north of Factory Island and large granite
blocks in the side channel. In the 2010 report written by Stantec, it was suggested that
this encroachment into the river channel likely impacts fish passage at this site.

In 2012, the town of Yarmouth led an effort to clear the remnants for the mill structure
from the side channel to partially or substantially improved passage through that section
of the river. Dozens of granite blocks, weighing approximately 6,000 Ibs., were pulled
out of the river channel. In all approximately 70 tons of rock were removed from the river
channel, improving fish passed in a 0.9 miles section of the Royal River (Maine Rivers,
2012)

Figure 10 and Figure 11 show current conditions at the Middle Falls.
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Figure 10: Aerial view of the Middle Falls

Side Channel

Figure 11: The Middle Falls Site with the remnants of the Forest Paper Company Mill
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During the summer of 2017, the U.S. Fish and Wildlife Service (USFWS) surveyed the
bypass to assess potential for passage in this side channel. In a letter written by the
agency describing their finding, the agency indicated that “the side channel appears
passable over most of its length though water depths were shallow at the time of this
survey. Two locations that may hinder fish movement were identified.” The agency
suggested that these impediments could be removed and that “Significant
improvements to the passage conditions at these sites might be accomplished through
alternations to the ledge outcroppings and/or movement of large rocks. This work might
be accomplished in 3 to 5 days by a small crew with access to a generator, compressor,
pneumatic hammer, and grip hoists. These enhancements would be relatively low cost
and should be considered viable alternative.” (USFWS 2017)

3.3 LOCATIONS OF INTEREST
3.3.1 Federal Navigation Project

At the downstream end of the study area, downstream of the Head-of-Tide and the
northbound Interstate-295 bridge, is a 2-mile-long estuary that ranges from 300 feet to
1,200 feet in width. A federal channel has ensured navigation access from Casco Bay to
this vicinity since at least the 1870’s. This channel was enlarged in the 1960’s along
with creation of an 8-acre anchorage, collectively identified as the Federal Navigation
Project (FNP) (Figure 12). Private interests also operate several commercial marinas in
the estuary.

Figure 12: Royal River Federal Navigation Project
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3.3.2 Baston Park / Route 9

Near the upstream limits of the Elm Street Dam impoundment in North Yarmouth,
Baston Park and the Memorial Highway (Route 9) bridge effectively represent the
upstream study limits (Figure 13). Situated at an oxbow of the Royal River, Baston Park
provides recreational opportunities along with the nearby Old Town House Park.
Potentially, Baston Park could be sensitive to changes in water levels as conceptual
plans are being developed for hand-carry boat access after site improvements.

Upstream
Study Limit

Memorial Highway Dry Hydrant BN E
- (Route 9) ;

). :
Figure 13: Baston Park and Memorial Highway (Route 9)

Additionally, the Route 9 bridge infrastructure includes a dry hydrant for rural fire
fighting. The dry hydrant allows fire crews to draw water directly from Royal River and
potentially could also be sensitive to changes in water levels.

3.4 CLIMATOLOGY

The area has a variable climate, and frequently experiences periods of heavy
precipitation produced by local thunderstorms, and larger weather systems of tropical
and extratropical origin. The area lies in the path of the prevailing "westerlies" which
generally travel across the country in an easterly or northeasterly direction, producing
frequent weather changes. The climate is characterized as moderate, and the mean
annual temperature is 48 degrees Fahrenheit (°F). Temperatures range from an
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average 24°F in January to an average of 70°F in July. The average yearly rainfall is
about 48 inches and the average yearly snowfall is approximately 69 inches.

3.5 HISTORICAL STORMS

The flood of record occurred on March 13, 1977, and had a peak discharge of 11,500
cfs and an estimated recurrence interval in excess of 1-percent annual chance (FEMA,
2024). Other notable floods on Royal River were March 1936, September 1954, March
1977, March 1983, May 1989, April 1990, and August 1991 (Figure 14).

USG5 A18686888 Royal River at Yarmouth, Haine
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Figure 14: Annual Peak Streamflow USGS 01060000 Royal River

In general, high-water marks from the historical storms are not available for model
calibration/validation. A high water mark was approximated from historic photograph of
the May 1989 flood event (Figure 15) however it is a poor quality reference point
because it was not surveyed or memorialized, the downstream bridge has changed
during the interim, and it is unknown if the photo was taken during the peak of the
storm.
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@ HIGH WATER MARKS
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)

Figure 15: Royal River May 12, 1989 Flooding (8,190 cfs)

3.6 PRIOR STUDIES
3.6.1 Studies Completed by USACE

Federal Interest Determination Report (2020): The New England District, USACE
completed a report that investigated the federal interested in pursuing an aquatic
ecosystem restoration study on the Royal River. USACE conducted an initial appraisal
and determined there is a Federal interest for an Aquatic Ecosystem Restoration project
at this location along the Royal River. The purpose of the proposed project was
identified as assessing the first two dams above the head of tide on the Royal River
owned by the Town of Yarmouth: the Bridge Street Dam and the East EIm Street Dam.

Sediment Sampling and Testing in Support of Project Feasibility Study (January 2024):
In October of 2023, the New England District collected sediment samples from the
Royal River downstream of the Bridge Street Dam and upstream of the East EIm Street
Dam. This study presents the results of this sediment sampling.

3.6.2 Studies Completed by Others

Considerable historical information and scientific data has been collected in the Royal
River watershed since 1958. This list provides a summary of recent studies that
provided key hydrologic and hydraulic information within the study area.

Fisheries & Aquatic Habitat Restoration Feasibility Study, Royal River Restoration
Project Yarmouth, Maine (2010): Stantec Consulting Services Inc. completed this study
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for the town of Yarmouth, ME. This report describes the feasibility study designed to
evaluate the potential of fisheries and Aquatic habitat restoration of the Royal River. The
2010 report provides opportunities and constraints associated with the restoration of
fisheries and aquatic habitat.

Royal River Restoration Project: Phase Il Analysis and Reporting (September 2013):
Stantec Consulting Services Inc. completed this study for the town of Yarmouth, ME.
The Phase Il report presents the potential changes in the Royal River upstream from
the East EIm Street Dam if the dam was removed, based on hydraulic modeling. The
report addressed changes in water surface levels, recreational opportunities, sediment
delivery to Yarmouth Harbor resulting from dam removal. The one-dimensional steady
flow hydraulic model (HEC-RAS version 4.1.0) includes bathymetric and topographic
data, hydrologic information, as well as channel and structure information based on data
collected in Phases | & Il. The report also provided the results of sediment sampling that
occurred in 2010 to assess the presence of environmental contaminants in sediment in
the East EIm Street Dam Impoundment. An excerpt of this model is displayed in Figure
16.

@ STANTEC 2013 MODELING S

ot s et fr e
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Figure 16: Stantec 2013 HEC-RAS Model and Topographic Workmap

Potential Impacts of Dam Removal on Sediment Production and Sediment Transport on
the Royal River, ME (Field Geological Services, May 2013): Commissioned for and
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included as an appendix in the Stantec 2013 report, Field Geological Services (FGS)
provides an evaluation of sediment transportation on the Royal River and noted that
‘dam removal is unlikely to significantly increase sediment transport through the
impoundment area and sediment delivery to the harbor.” In addition, FGS provides
fluvial geomorphological assessment of Royal River in the reach between East Elm
Street Dam and the upstream end of the study area.

Estimated Sediment Volume: Bridge Street Dam Impoundment (June 2015): Stantec
Consulting Services Inc. completed this study for the town of Yarmouth, ME. This report
presented information on the composition, volume, and potential mobility of sediment
accumulated upstream of the Bridge Street Dam on the Royal River. This report
estimated the volume of accumulated sediment in the impoundment was 5,040 CY
which included a 20% contingency to account for observed localized sediment deposits
observed upstream from the Sparhawk Mill hydroelectric facility trash racks and
adjacent to the stormwater outfalls. The study concluded that the volume of accumulate
sediment found the Bridge Street Dam impoundment would not change due to high-
water events and was representative of the typical volume of sediment that would be
found behind the dam.

Sediment Sampling and Analysis, Bridge Street Dam Impoundment, Royal River,
Yarmouth, Maine (March 2016): Stantec Consulting Services Inc. completed this study
for the Nature Conservancy. This report presents methods and results of a sediment
sampling study in the impoundment formed by the Bridge Street Dam. The study
investigates the potential for remobilization of sediment and environmental
contaminants in the impoundment if the dam is removed.

Fishway Assessment and Cost Analysis Report, Royal River, Yarmouth ME (January
2018): This report was completed by Interfluve for The Nature Conservancy. The report
describes a detailed assessment of the potential for fish passage at the Bridge Street
and East Elm Street dams on the Royal River. It identified four alternative approaches
to enhance fish passage and assesses the cost of each alternative. These alternatives
include no action, retrofit/rebuilt technical fishway, nature-like fishway, and dam
removal.

Royal River Fish Passage Studies Summary Report. Royal River Watershed, Yarmouth,
North Yarmouth, New Gloucester, Pownal, Durham, Gray, and Auburn, Maine (January
2018): This report was prepared by GZA GeoEnvironmental, Inc. for the Nature
Conservancy. This document provides a review of prior project reports and work
completed in the Royal River Watershed, with the objective to identify key points from
historical studies and to evaluate restoration of fish passage between Casco Bay and
the upper Royal River watershed.

Flood Insurance Study for Cumberland County, Maine (All Jurisdictions) (2024): This
update by FEMA for the National Flood Insurance Program includes information for the
Royal River. A scan of the effective Royal River hydraulic model was obtained from the
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FEMA Engineering Library along with a topographic workmap. The FEMA hydraulic
modeling was developed by FEMA in September 1979 utilizing HEC-2, which is a
predecessor to the HEC-RAS software. Due to the shallow bedrock of the Royal River
streambed, the FEMA study provided valuable channel survey information for this study
despite being more than 40-years old. An excerpt of this study is shown in Figure 17,
with more selections of the FEMA study provided in Attachment A.

7‘,&7 EFFECTIVE FIS - REGULATORY MODEL

TOWN OF
7| YARMOUTH,
MAINE

o R T :
, 8 K R st R et 385:488 AR  (BieE

Figure 17: Effective FEMA Regulatory HEC-2 Model and Topographic workmap

4.0 ALTERNATIVES

As described more fully in the main report, full and partial dam removal measures were
evaluated at both the Bridge Street Dam and the East EIm Street Dam sites. The
hydraulic performance of these measures were deemed similar in many aspects, with
only localized differences at the dam sites, leading to a generally neutral hydraulic basis
for Tentatively Selected Plan (TSP). Specifically, alternatives and measures that were
modeled are shown in Table 1 below.
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Alternative

Table 1: Array of Modeled Alternatives & Measures

Description

Model Plans

Alternative 1

No Action Alternative — Existing Conditions

‘Ex_7Q10 - 25cfs_OftTW’ (p32)
‘EX_MeanQ_120cfs_0ft TW’ (p18)
‘EX_USGS2yr_3643cfs_0ft_TW’ (p38)
‘EX_10yr_6480cfs_0ft TW’ (p22)
‘EX_10DEC_23DECC19’ (p25)
‘EX_100yr_10419cfs’ (p42)
‘EX_UpRiverPk 0ft TW’ (p31)

Alternative 2

East EIm Street and Bridge Street Dam
Demolition + Middle Falls Side Channel
Modification

» Removal of a 120 linear feet (LF) section of the
East EIm Street Dam and the Denil-type fish

bank of the Royal River.

» Removal of Bridge Street Dam across the entire
width of the river, which includes 275 LF structure
and the Denil-type fish passage structure located
on the right descending bank of the Royal River.
» Modification of the Middle Falls side channel,
which includes the placement of large boulders in
the main river channel and chipping of rock
ledges located in the side channel.

passage structure located on the right descending

‘TSP_7Q10-25cfs_0TW’ (p27)
‘TSP_MeanQ_120cfs_0ft_ TW’ (p28)
‘TSP_2yr 3643cfs_0ft TW’ (p29)
‘'TSP_10yr_6480cfs_0ft TW’ (p19)
‘'TSP_10DEC_23DECC19’ (p40)
‘TSP_100yr_10419cfs’ (p41)
‘TSP_UpRIiverPk_0ft_ TW’ (p30)

Alternative 3

East EIm Street and Bridge Street Dam
Demolition

» Removal of a 120 linear feet (LF) section of the
East EIm Street Dam and the Denil-type fish

bank of the Royal River.

» Removal of Bridge Street Dam across the entire
width of the river, which includes 275 LF structure
and the Denil-type fish passage structure located
on the right descending bank of the Royal River.
» No action at the Middle Falls

passage structure located on the right descending

[Model plans of this alternative were
removed to avoid confusion and
archived. May be made available upon
request.]

Measure: Full
Dam Removal

East EIm Street and Bridge Street Dam Full
Demolition

» Removal of the East EIm Street Dam across the
entire width of the river including the Denil-type
fish passage structure.

» Removal full section of Bridge Street Dam
across the entire width of the river, including the
Denil-type fish passage structure and the
penstock intake structure.

[Model plans of this measure were
removed to avoid confusion and
archived. May be made available upon
request.]

* No action at the Middle Falls

Measure:
Partial Dam
Removal

East EIm Street and Bridge Street Dam Partial
Demolition

» Removal of a 120 linear feet (LF) section of the

[Model plans of this measure were
removed to avoid confusion and
archived. May be made available upon
request.]

19

Royal River, Yarmouth ME
206 Aquatic Ecosystem Restoration
Restoration Study

Detailed Project Report &
Environmental Assessment



Alternative Description Model Plans

East EIm Street Dam and the Denil-type fish
passage structure located on the right descending
bank of the Royal River

» Removal of ~150-ft spillway section of Bridge
Street Dam, including the Denil-type fish passage
structure.

» No action at the Middle Falls

\Various geometric configurations of Middle Falls [Model plans of this measure were
Measures: |rock diversion structures to promote flow in the  removed to avoid confusion and
Middle Falls |bypass; modeled iteratively in conjunction with  [archived. May be made available upon
Alternative #2 geometry request.]

‘'TSP_UpRiverPk_9_6ft TW’ (p49)
‘TSP_UpRiverPk_-9ft TW’ (p50)

Sensitivity: [Sensitivity of Alternative 2 (TSP) Conditions
Tailwater |varying downstream boundary tailwater

e ‘EX_UpRiverPk_0ft TW_Low_n_sens’
Sensitivity:

N0 Sensitivity of Existing Conditions varying (p02)
9 roughness coefficients ‘EX_UpRiverPk_0ft TW_High_n_sens’
roughness (003)
e ‘TSP_UpRiverPk_0ft TW_Low_n_sens’
Sensitivity: Sensitivity of . SP) Conditi -
Manning’s n en§|t|V|ty o] Alternatlve_zl (TSP) Conditions (p26) _ .
varying roughness coefficients ‘'TSP_UpRiverPk_0ft TW_High n_sens’
roughness (p01)
. ISensitivity of Alternative 2 (TSP) Conditions LlefEl plEms @i {1 MEEsIm TER
Sensitivity: “All varving bathvmetry immediatelv uostream / under removed to avoid confusion and
Muck” rying ymetry y.up archived. May be made available upon

the East EIm Street Dam

request.]

Flow diversion measures were also more generally evaluated at Middle Falls to improve
aquatic organism passage, however lack of detailed topography/bathymetry and
finalized design from USFWS at time of this appendix have limited its applicability.
Table 2 presents a USFWS summary of design guidelines for nature-like fish passage
and related to swimming capabilities and safe, timely and efficient passage for Atlantic
Coast diadromous fish species. Note: units are expressed in both metric (cm) and
English units (feet or feet/sec). Refer to the source USFWS report “Fish Passage
Engineering Design Criteria“(USFWS, 2019) for more information. This table
establishes the hydraulic parameters and estimated metrics which can be used to
design fish passage for the target species.
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Table 2: USFWS Design Guidelines for Nature-Like Fish Passage (USFWS, 2019)

Maximum
Minimum Minimum | Weir Opening | Maximum
Body Weir Weir ‘Water Fishway
Minimum | Maximum | Depth/ | Body Depth | Pool/Channel Pool/Channel Pool/Channel Opening Opening Velocity Channel
Species TL {cm) TL [cm) TL Ratio [em) ‘Width (ft) Depth (ft) Length (ft) Wwidth (ft) Depth (ft) (ftfsec) Slope
Thosin Tlovax BD/TL BDimas W, dp [ Wy dw Vs So
Sea Lamprey 60 86 0.072 6.2 10.0 2.00 200 0.75 0.75 6.00 1:30
shortnose Sturgeon 52 143 0.148 21.2 30.0 4.00 30.0 2.75 2.25 5.00 1:50
Atlantic Sturgeon 88 300 0.150 45.0 50.0 7.00 75.0 5.50 4.50 850 1:50
American Eel
5 15 0.068 1.0 3.0 1.25 5.0 0.25 0.25 0.75 1:20
<15 em TL N
Ameri ]
':‘e”‘a“T‘lE 15 116 0.068 7.9 6.0 2.00 10.0 0.75 1.00 1.00 1:20 |
| — L
Blueback Herring 20 a1 0.252 7.8 5.0 2.00 10.0 2.25 1.00 6.00 1:20
. ~ ~
Alewife 2 38 0.233 8.9 (5.0) Q.zs) Qo.o) Q'WJKLD\G'W 120 _J
Hickory Shad 28 60 0.221 133 20.0 2.75 40.0 4,00 1.50 4.50 1:30 |
American Shad 36 76 0.292 22.2 Qa.a) 4,00 Q;o.Q 5.00 2.25 8.25 J:D
Gizzard Shad 25 50 0.323 16.2 20.0 3.25 40.0 3.50 1.75 4.00 1:30
Rainbow Smelt 12 28 0.129 3.6 5.0 1.50 10.0 1.00 0.50 3.25 1:30
Atlantic Salmon 70 95 0.215 204 20.0 3.75 40.0 6.25 2.25 13.75 1:20
Ri k
=CLEEES 10 45 0.255 115 5.0 2.50 10.0 150 1.25 3.25 1:20
Trout
LIS S 5 20 0.250 5.0 5.0 1.75 100 1.25 0.50 2.25 1:20
<20 ¢m TL
Atlantic Tomcod 15 30 0.202 6.1 5.0 2.00 10.0 2.00 0.75 0.75 1:30
_ Y
striped Bass 40 140 0.225 315 20.0 5.25 30.0 9.25 3.25 5.25 130 )

As described more fully in the main report, the estuary supports a broad range of fish
species, including shellfish, anadromous and catadromous fish species such as
blueback herring (Alosa aestivalis), alewife (A. pseudoharengus), American shad (A.
sapidissima), and American eel (Anguilla rostrata), and a strong recreational fishery
including bluefish (Pomatomus saltatrix) and striped bass (Morone saxatilis). For
evaluation purposes, this report utilized Alewife as the target species for upriver
migration design flow development.
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5.0 MODELING

This section discusses the methods and assumptions used in the study of the removal
of all or part of the Bridge Street Dam and the East EIm Street Dam. The existing dams
and river were hydraulically modeled using multiple flows to determine peak water
surface elevations and velocities for a range of events. Two removal alternatives for
each dam were then modeled to determine corresponding water elevations and
velocities. The results of each of the removal alternatives were compared to the results
of the existing dam conditions to determine the effects that dam removals will have on
the peak water surfaces and velocities along the river.

51 HYDROLOGY

Royal River flows generally north to south from Sabbathday Lake in New Gloucester,
ME until it flows into Casco Bay and eventually the Atlantic Ocean. There are eight
dams within the Royal River watershed that restrict aquatic organism passage. Royal
River receives input from several natural springs such as in northern New Gloucester,
bordering on Poland ME, partly regulated by Jordan Mill Dam, approximately 24 miles
upstream of East EIm Street in Yarmouth; Meadow Brook, 19.7 miles upstream of East
EIm Street in Yarmouth; Stevens Brook, approximately 19 miles upstream of East Elm
Street (inflows from Stevens Brook are regulated at one unnamed dam); Bear Brook,
16.6 miles upstream of East EIm Street; Collyer Brook, 11.9 miles upstream of East EIm
Street, partly regulated by the Pownal State School Dam, and by an unnamed dam on
the Eddy Brook tributary; and Chandler River, 6.0 miles upstream of East EIm Street,
partly regulated by Florida Lake on the Collins Brook tributary, and partly regulated by
Runaround Pond Dam on the Alder Brook tributary. The Royal River tributaries and dam
locations in the watershed are shown in Figure 18.
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Figure 18: Royal River Aquatic organism Passage. Study area circled in red
(Source: Gulf of Maine Coastal Program, U.S. Fish and Wildlife Service, 2013)

For input to the hydraulic modeling described later in this report, it was necessary to
determine stream flows over the range of natural variability for the Royal River through
the reach of interest near Bridge Street Dam and the East EIm Street Dam. The U.S.
Geological Survey (USGS) has recorded flows on the Royal River at a gage (gage
#01060000) at Yarmouth, Maine, from 1949 to 2023, with a gap from 2004-2019. The
gage has been located at, or near, the head-of-tide at First Falls for this period of
record. Given the minimal decrease in contributory drainage area between the
Yarmouth USGS gage and the estimated upstream limits of the study area near Route 9
(141 sq. mi. vs. 133 sq. mi., respectively, or less than 6 percent reduction), and lack of
significant tributary inputs, flow data was used directly from the gage, without
adjustment, for further analysis.

5.1.1 Daily Flows

Daily stream flow data for USGS gage 0106000 from the previous 59 years (October
1949-September 2004; October 2019-September 2023) (Figure 19) were assessed to
determine flow-duration statistics for representative ‘normal’ (Annual Median Flow)
conditions, monthly means and duration exceedances, and low flow conditions (7Q10).
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The 7-day, 10-year (7Q10) annual low-flow statistics are based on an annual series of
the smallest values of mean discharge computed over any 7-consecutive days during
the annual period. A probability distribution is fit to the annual series of 7-day minimums,
and the 7Q10 statistic is the annual 7-day minimum flow with a 10-year recurrence
interval (nonexceedance probability of 10 percent).

Figure 20 below depicts the daily average flow duration curve for the entire year at the
USGS gage, and Figure 21 presents the daily average flow duration exceedance curve.

‘ /Royal River/Yarmouth, Maine/FLOW/01Jan1949/1Day/U5G5/ — O e
File Edit View Help
12,000
Y
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S i i ;
4,000 - _h
2,000 e H iR i vl = -
SRR b | 4  HHH R
R §4 : itk LB '.-" E N 12448 LI #E -g
Wt T RRIG PR R b b R
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| """ Yarmouth, Waine USGE FLOWVY
Figure 19: Royal River 1-Day Averaged Flows 1949-2023
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Figure 20: Annualized Daily Average Flow Statistics
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Figure 21: Flow Duration Curve Royal River
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For the 7Q10, the project team utilized HEC-DSSVue version 3.3.29 with the full period
of record daily flows from the Royal River stream gage, to determine the smallest values
of mean discharge computed over any 7-consecutive days during each water year using
a 7-day forward moving average. HEC-DSSVue was also used to fit an exceedance
probability distribution to the annual series of 7-day minimums, resulting in a 7Q10 of 25
cfs. It was noted that this is similar to results published from the USGS of 24 cfs
(Dudley, 2004), and the value reported in the Stantec 2013 report (23 cfs).

The Annual Median flow for the USGS gage is reported in the Stantec 2013 study to be
120 cfs. This value was adopted for this study after favorable comparison to the
updated 50% exceedance statistics included in Figure 21.

Daily average flows for the period of record were imported into HEC-DSSVue (version
3.3.29) to derive migration season flow duration exceedance curves. For the Mid-May to
Mid-June peak Alewife upriver passage, the Royal River flows for low (95% duration
exceedance), average (50%), and high (5% duration exceedance) are 62 cfs, 144 cfs,
and 641 cfs respectively, as shown in Table 3. The full May-June upriver migration
period values are similar: 53 cfs, 149 cfs, and 706 cfs respectively. These discharges
were compiled for use in the hydraulic model, specifically for evaluation of measures
and conceptual designs, as described in later sections.

Table 3: Peak Upriver Migration Flow Duration Statistics — Mid-May to Mid-June

‘ /Royal River/Yarmouth, Maine/Exceedance-FLOW//UpriverPeak_Alewife_MidMay_MidJune/USG5/ — O X
File Edit View Help
Yarmouth, Maine
Ordinate Exceedance FLOW
USGS

Labels

Units Percent

Type CF5
1 0.100 3920.6
2 0.200 3576.8
3 0.500 2308.5
4 1.000 1521.0
5 2,000 1133.0
[ 5.000 640.5
7 10,000 448.0
8 15.000 343.0
9 20,000 285.0
10 30.000 216.0
11 40.000 170.0
12 50.000 144.0
13 60,000 120.0
14 70,000 103.0
15 §0.000 88.0
16 35,000 79.0
17 90.000 70.3
13 95.000 62.0
19 95,000 51.0
20 95,000 40.1
21 99,500 42.7
22 99,800 40.2
23 99,900 k=
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5.1.2 Flood Flows

Flood flows were also necessary for use in the hydraulic model, to assess potential
water surface impacts and the range of velocity/shear stress resulting from evaluated
measures during the high flow events. Peak flow statistics for the Royal River were
adopted from the recently updated Federal Emergency Management Agency (FEMA)
Flood Insurance Study (FIS) for Cumberland County, Maine (dated June 20, 2024).

Peak flows were available for the 10%, 2%, 1%, and 0.2% annual exceedance
probability (AEP) (a.k.a. the 10-, 50-, 100-, and 500-yr annual recurrence interval (ARI))
storm events and it was noted that hydrologic calculations to support the FEMA FIS
were completed in the 1980s. As such, an updated flood frequency analysis was
completed using the USACE Hydrologic Engineering Center's Statistical Software
Package (HEC-SSP), utilizing recommended Bulletin 17C procedures. The 15-year
period from OCT2004-SEP2019 was censored because the gage was not operational.
Flood frequency flows were determined for a range of standard frequency events.
Results of the flood frequency analysis are shown in Figure 22 and Table 4 below.

7] Bulletin 17 ot for RoyalRiver B17C - X
File Edit View Window
’E Bulletin 17 Plot for RoyalRiver_B17C
Q Retum Period
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100,000 . . . | | . L . . . .
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1,000

100 T T T T T T T T T T T
0.9999 0.999 0.99 09 05 02 01 002 001 0005 0.002 0.001 0.0001
Probability

—— Computed Curve ——~ 5 Percent Confidence Limit ——~ 95 Percent Confidence Limit —— Flow Range Points
©  Observed Events (Hirsch-Stedinger plotting positions)

Figure 22: Flood Frequency Analysis Results
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Table 4: Flood Frequency Analysis Results

Confidence
Annual RAverage Computed Limits (Flow, USGS FEMA FIS Flows (cfs) Adopted
Chance ecurrence Curve el StreamStats Flows
Interval At USGS AtRoute9
Exceedance (year) (Flow, cfs) 0.05 0.95 Flows (cfs) gage in North (cfs)
01060000 Yarmouth
0.2 500 13,415 20,997 | 10,530 14,300 14,540 13,820
0.5 200 11,678 16,867 9,522 -
1 100 10,419 14,189 8,729 11,000 10,530 10,020 10,419
2 50 9,200 11,841 7,903 9,710 9,060 8,850
5 20 7,639 9,174 6,751 -—
10 10 6,480 7,447 5,820 6,780 6,085 6,540 6,480
20 5 5,314 5,924 4,824 5,540
50 2 3,643 3,998 3,321 3,740 3,643
80 1.25 2,506 2,758 2,253 -
90 1.11 2,063 2,293 1,803 -
95 1.05 1,759 1,984 1,475 -—
99 1.01 1,305 1,551 975 -

Updated frequency flows were similar to FEMA FIS flows available for comparison. All
published FIS values are within the confidence limits of the flood frequency analysis.
The FIS peak flows support the updated analysis flows which were then adopted for this
study. As with the daily flows, USGS gage data was utilized directly without adjusting for
slight increase in drainage area between the USGS gage and the upstream limits.

The final peak discharges for each modeled event are summarized in Table 5.

Table 5: Summary of Peak Discharges

Modeled Event Peak Discharge (cfs)

7Q10 25
Annual Median 120
95% Exceedance MidMay-MidJune 62
5% Exceedance MidMay-MidJune 641
50% AEP 3,643
10% AEP 6,480
1%AEP 10,419
10-22DEC2019 4,300

For relative comparison, the flood of record on the Royal River occurred on March 13,
1977, and had a peak discharge of 11,500 cfs. Records from the 1977 event are not
refined enough to develop a hydrograph, so the hydrograph of the 10-22 DEC 2019
storm event (peak discharge 4,300 cfs) was utilized for model validation and to inform
the 1% AEP modeled event. Specifically, the 10-22 DEC 2019 storm event hydrograph
was scaled by a factor of 2.42 to match historic hydrograph to the 1% AEP peak
discharge.
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5.2 HYDRAULICS

A hydraulic model for the reach of interest was necessary to simulate the range of
anticipated water surface elevation and velocity resulting from each of the alternatives
and was used to inform conceptual design of bank stabilization and in-stream
structures.

5.2.1 Model Development

The USACE Hydrologic Engineering Center's (CEIWR-HEC) River Analysis System
(HEC-RAS) model was utilized for this analysis, given the software capability for two-
dimensional (2D) unsteady flow calculations. HEC-RAS version 6.1 was initially utilized
for terrain and initial model development at the beginning of the study, with version 6.4.1
utilized for model finalization, computations, and alternative evaluation. The alternatives
were simulated under a range of hydrologic loading conditions that include low-flow
through extreme loading scenarios.

5.2.1.1 Domain

For the 2D model domain, a perimeter was established for the full study area extending
from the downstream end of the estuary near Parker Point to approximately 750-feet
upstream of Memorial Highway (State Route 9). The State Route 9/Baston Park vicinity
was selected as the upper limit of the feasibility-level HEC-RAS hydraulic model domain
based on previous studies (primarily Stantec 2013), their findings, and data availability.
Specifically, the Stantec 2013 hydraulic model & report indicated that modeling up to
State Route 9 / Baston Park vicinity should capture most of the impacts. Plus, State
Route 9/Baston Park vicinity is the upstream limit of the available, detailed channel
bathymetry. The model domain is shown in Figure 23.
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Figure 23: Royal River 2D Model Domain
5.2.1.2 Terrain

Model terrain was developed from the best available topographic and bathymetric data
for the study area. This included: site surveys, bathymetric surveys, Digital Elevation
Models (DEM), and LiDAR data. For assembly, all elevation sources (Table 6) were
converted to the NAVD88 vertical datum, with units in feet, while the horizontal
projection is NAD_1983_NSRS2007_StatePlane_Maine_West_FIPS_1802_Ft_US, with
units in feet. Terrain processing was primarily performed in the HEC-RAS Ras Mapper
utility, supplemented by ESRI ArcMap 10.6.1.
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Table 6: Royal River Model Terrain Sources

e Plan of Topographic Survey Bridge Street — Titcomb Associates (2013)

e Plan of Topographic Survey East Elm Street— Titcomb Associates
Site Surveys (2013)

e Spot Elelvations Bridge Street & EIm Street Dams —
Interfluve/University of Southern Maine (2016)

Elm Street Dam Impoundment - USACE (2022)

After Dredge Survey-ROY2769 - USACE (2015)

Bathymetry

East Elm Street to Rt 9 — Stantec (2013)

Bridge Street Dam Impoundment - Stantec (2009/2010)

FEMA FIS XS Inverts and spot survey — FEMA (1979/1980)

LIiDAR Lidar me_southcoastal_1_2020 las (USGS 3DEP)(2020)

o for in-channel boulders & ledge

DEMs & DEM e USGS 1 Meter - ME South Coastal - 1m resolution — 2020 (USGS
generated 3DEP)

contours o Geollibrary DEM 2013.08MAR22 - 1m resolution —
Maine_Elevation DEM_Aggregate - State of Maine (2013)

e USGS 1/3 arc second - 10m resolution — 2021 (USGS 3DEP)

Approximate top of sediment bathymetry associated with the recent sediment probe
data collected by USACE and Stantec were not explicitly incorporated into the terrain
model, however the data was reviewed and found to generally match the terrain model.

A topographic work map displaying the terrain model is included in Attachment B of
this appendix.

5.2.1.3 Structures

Existing hydraulic structures were incorporated into the HEC-RAS model domain as
SA2D Connections. Correspondingly, modifications were added to the terrain model to
represent substructure features. The primary difference between the Existing (without
project) and TSP (with Project) hydraulic models are how the Bridge Street Dam and
East EIm Street Dam are represented through SA2D Connections and terrain
modifications, as well as the 2D computational mesh in the vicinity of the dams.

Dimensional information for the 2 dams (Bridge Street Dam, EIm Street Dam), 9 bridges
that cross the Royal River, and 1 culvert at Foundry Channel are based on best
available information as summarized in Table 7.
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Table 7: Royal River Model Hydraulic Structure Information

Hydraulic Structure Primary Reference

Bridge Street Dam Titcomb Associates site survey (2013) /
East ElIm Street Dam Interfluve/University of Southern Maine (2016)
Interstate-295 Northbound &
Southbound Bridges
MainStreet / Route 88 / Falls Bridge
Bridge Street / Cotton Mill Bridge
US Route 1 Bridge MaineDOT MEPLANS As-Builts
East EIm Street Bridge / Foundry
Channel culvert
Memorial Highway / State Route 9/
Dunns Bridge
Beth Condon Memorial Footbridge Town of Yarmouth As-Builts

Grand Trunk Railroad Bridge
Maine Central Railroad Bridge SEIES ARG ISR Gy

Note that all elevation data that was converted to NAVD8S, if not natively in that vertical
datum. Dam information was primarily derived from the Titcomb Associates site surveys
and the Interfluve dataset. As-built plans were retrieved from the MaineDOT MEPLANS
application in May 2022 for Interstate-295, Falls Bridge/MainStreet/Route 88, Cotton
Mill/Bridge Street, US Route 1, Elm Street, and Memorial Highway/State Route 9/
Dunns bridges. As-built information for the Beth Condon Footbridge was provided by
the Town of Yarmouth. As-built information for the Grand Trunk Railroad and Maine
Central Railroad bridges was not readily available and thus the model geometry for
these structures was based on the Stantec 2013 1-dimensonal hydraulic model. An
excerpt of the Interstate-295 as-builts is provided in Figure 24. Available pertinent as-
built plans are included in Attachment B.

32
Royal River, Yarmouth ME Detailed Project Report &
206 Aquatic Ecosystem Restoration Environmental Assessment
Restoration Study



\ BRIDGE DATAEXAMPLE - INTERSTATE “95” = 1959/60 AS-BUILTS

MAINE PUBLIC BRIDGE STRUGTURES IN THE MUNICIPALITY OF Yarmouth

IDENTIFICATION

INSPECTION AND APPRAISAL
Date o Inspection 1212119 Federal Suficency Rating 4.4
STRUCTURE TYPE AND MATERIAL

Span Malerial - Sieel contious Spon Type. Siunges Al bearn o Girder
Numbsr of Man Soars 3

LOAD RATING AND POSTING

F T ROYAL RIvER SRIDGE 3 C—
‘ 2 b

oL X
‘. ‘\

Figure 24: Royal River Bridge Data Example

Additionally, the EIm Street culvert on Foundry Channel was included in the model
domain based on field measurements by USACE staff. The Elm Street culvert on
Foundry Channel was measured at the downstream face and generalized to be 12-feet
span and 8-feet rise, with an irregular bottom and 2-ft of cover between the crown and
roadway surface. This information has been used to update the hydraulic model.

5.2.1.4 Roughness/Land Use

Roughness coefficients represent the resistance to flow in channels and floodplains.
Roughness is usually presented in the form of a Manning's n value in HEC-RAS. The
value of Manning’s n is highly variable and depends on a number of factors including:
surface roughness; vegetation; channel irregularities; channel alignment; scour and
deposition; obstructions; size and shape of the channel; stage and discharge; seasonal
changes; temperature; and suspended material and bedload. Because Manning’s n
depends on many factors, several options are available in HEC-RAS to vary n.

The process to assign roughness coefficients initially assigned Manning’s “n” values to
the model domain based on land use classifications in the spatially varying National
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Land Cover Database (NLCD) 2019. The georeferenced NLCD 2019 grid was imported
into the HEC-RAS model domain and Manning’s “n” values were assigned following a
review of typical ranges presented in the HEC-RAS 2D User's Manual. The NLCD
2019/Manning’s n association for Royal River is shown in Table 8.

Table 8: Royal River Roughness Coefficients Based on Land Cover

Layer Parameter Values x

Selected Area Edits

ﬁ J J J J E ﬂ ™ Show Base Overrides Region: | All Regions ﬂ
D Name ManningsM rl:!lrst F@IIS - Bridge_zSt - Middle_.- Fallz - Founc_IrChanneI - Elm St!'eet -
[anningsM ManningsM Manningsh Manningsh Manningsh
B -0t 0.066
43 Mixed Forest 0.16
21 Developed, Open Space 0.016
81 Pasture-Hay 0.05
22 Developed, Low Intensity 0.063

23 Developed, Medium Intensity 0.094

50 Woody Wetlands D.12
42 Evergreen Forest 0.16
41 Deciduous Forest 016
R1 | Barren Land Rock-Sand-Clay 0.035
7 Grassland-Herbaceous 0.035
g2 Cultivated Crops 0.045
95 Emergent Herbaceous Wetlan... |0.15
11 Cpen Water 0.033
24 Developed, High Intensity 0.125
52 Shrub-Scrub 0.07
1 openwater 0.033 0.05 0.0% 0.05 0.05 0.02

oK | Cancel

The land use classification polygons were refined to establish the stream corridor as
‘openwater” through the study area based primarily upon boundaries in the Town of
Yarmouth parcel database. It was noted that the referenced n values are for appreciable
depths of flow and are not meant for shallow overland flow. Shallow, overland flow
Manning’s n values are generally much higher due to the relative roughness compared
to the flow depth. Therefore, additional Manning’s calibration regions were added for
each of the four sets of falls, plus the Foundry Channel, and are discussed in more
detail in the calibration section of this appendix. The spatial extents of the final
Manning’s values are shown in Figure 25.
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Figure 25: Royal River Final Roughness Coefficients
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5.2.1.5

Computational 2D Mesh/Breaklines

The 2D computational grid was developed with Default point spacing of 80ft x 80 ft, and
is summarized in Table 9 while computational settings are shown in Figure 26.

Table 9: Royal River 2D Computational Mesh Properties

Geometry: Existing_2D_19JUL24
Number of Cells = 13942

Average Face Length = 79 ft.
Average Cell Size = 6,168 sq.ft.
Maximum Cell Size = 17,459 sq.ft.
Minimum Cell Size = 46 sq.ft.

Geometry: TSP_2D_19JUL24
Number of Cells = 14026

Average Face Length = 78 ft

Average Cell Size = 6,131 sq ft
Maximum Cell Size = 17,459 sq ft
Minimum Cell Size = 39 sq ft

20 Flow Areas

0 Flow Area:  |Perimeter 1
Connections and References to this 2D Flow Area

=] 4| t] +T-am

Conn: Beth_Conden | Conn: BridgeskreetDam

| conn: Cottonl_Brida

| conn: EESE

Conn: ElmStDam | Conn: Fallridge

| Conn: Foundrychanl

| Conn: RR1_SHawat

g
|

Conn: RR2Z_MaineCentral | conn: To Perimeter 1

] Conn: US_Rt1

| BCLine: BC Line 1 - Upstream

BG.i'l::BCI.n:Z-Doﬂnsh’aarI‘l

Defait Manning's n Vahse: [pos |
Edit Land Cover to Manning’s ... |
Cell Volume Filter Tol (0=0FF){f): por
Cell Minimum Surface Area Fraction (0=0FF): oo
Face Profie Fitter Tol (0=0FF)(Ft): [por
Face Area-Elev Fiter Tol (J=0FF){ft): por
Face Conveyance Tol Ratio (min=0.0001): fpoz
Face Laminar Depth (0=0FF)(f): Pz
¥ Spatialy Varied Manning's n on Faces L_?J
[T Composite Classification Vakses in Cells
GISOutine... |  Force Mesh Recomputation |

=

2D Flow Area Computation Points

contains: 13342 cels
o cell{13498) = 17453, 56(sq ft)
cell = 45.82(sq )
g cell = 6168.41(sq ft)

Generate Computation Points on Regular Interval with All Breakines... |

Enforce Selected Brealdnes (and internal Connections) ... |

WiewEdit Computation Points ... |

2D Flow Areas

0 Flow Area:  |Perimeter 1
Connections and References to this 2D Flow Area

=] 4| t] T

Conn: Beth_Condan | conn: BridgestreetDam

| Conn: EridgestreetDamL | conn: Cottonil_Bridg

Conn: EESB | Conn: EmStam

| Conn: FalBridge | ‘Conn: FoundryChanl

Conn: RR1_Stawal | Cann: RR2_ManeCentral

Conn: To Perimeter 1 | Conn: US_REL

BCLine: BC Line 1 - Upstream | BCLine: BC Line 2 - Downstreah

Default Manning's n Vakoe: pos |
Edit Land Cover &t Manning’s n... |
Cel Vokume Filter Tol (0=0FF)(ft): oo
Cell Minimum Surface Area Fracbon (0=OFF):  [0.01
Face Profie Filter Tol (0=0FF)(Ft): por
Face Area-Elev Fiter Tol (0=C0FF)(RY): fpor

2D Flow Area Computation Points

: 19026 cels
x cell{13751) = 17458. 56(sq Ft)
cell = 38.52{sq ft)
g cell = 6131.97(sq ft)

Generate Computation Points on Regular Interval with All Breakines... |

Faos Conveyance Tol Ratio (min=0.0001): poz Enfonce Selected Breakines (and intemnal Connections) ... |
Face Laminar Depth (0=0FF)(f): bz View/Edit Computaton Ponts ... |
¥ Spatially Varied Manning's n on Faces 12]
[T Composite Classification Vahues in Cells
GISOuine... |  Force Mesh Recomputation | [Co—] cance |
Figure 26: Royal River 2D Computational Mesh Settings Geometry:

Existing_2D_19JUL24 & TSP_2D_19JUL24

Royal River, Yarmouth ME
206 Aquatic Ecosystem Restoration
Restoration Study
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Breaklines were added to align the 2D computational grid with the Royal River, plus
significant topographic features, and infrastructure. Specifically, twenty-nine (29)
breaklines were defined as shown in Figure 27.

Breaklines - Layer Properties (Existing_2D_30APR24) - u} X
Visuglization and Information  Features | Source Fies |
i | Source: C\..\RAS\Yarmouth_RoyalRiver_206.g47 hdf J Select Columns
Enforce 1Cel
FID | Name Near Spacing Near Repeats Far Spacing Frotection
Radius

» |0 |BidgeStDam_cl [] W
1 |RR 0 3
2 |USHwyl 0 ¥
3 |BridgeSt [] W
4 |I95N 0 3
5 [1958 0 ¥
6 |Falls 0 3
7 |Emst 0 ¥
3 [Dumns [] W
3 |ROYAL_RIVER_ 0 3
10 |Breakline 1 40 1 80 r
11 [cLBreakine2 |40 1 80 r
12 |Breakline 2 0 ¥
13 |Breakline 3 40 1 80 r
14 |Breakdine 10 0 3
15 |Breakline 4 0 0 0 r
16 |EmSt_Diversion |20 2 80 r
17 |Breakline & 40 1 80 r
18 |BethCondon 0 i
19 |Breakline 5 0 3
20 |Breskine 7 40 1 80 ¥
21 |Breakine 8 [] W
22 |LowerFalsBulkhe... |10 1 0 3
23 |LowerFals1 0 ¥
24 |LowerFals2 10 1 0 r
25 |streamel_spit 0 ~
2% |Rock [] N
27 | Breakine 11 0 r
28 |Breskine 9 0 ¥
29 |Breakine 12 [] W

Zoom o Selected | [~ Only Show Selected

Figure 27: Royal River Breaklines

5.2.1.6 Boundary Conditions
Flow

¢ Normal Depth distribution at upstream boundary

e 7Q10, Annual Median Flow, 10%, 2%, 1%, and 0.2% AEP flood events as
constant hydrograph flows. Each flow event has a constant flow
hydrograph for the entire time series except the 1% AEP flow.

e Unsteady flow runs were performed for the 1% AEP modeled event, and
the validation 10-22DEC2019 storm event.

e The hydrograph of the 10-22 DEC 2019 storm event (peak discharge
4,300 cfs) was utilized to inform the 1% AEP modeled event. Specifically,
the 10-22 DEC 2019 storm event hydrograph was scaled by a factor of
2.42 to match the historic hydrograph to the 1% AEP peak discharge
(10,419 cfs).

e For the Mid-May to Mid-June peak Alewife upriver passage, the Royal
River flows for low (95% duration exceedance), average (50%), and high
(5% duration exceedance) were also modeled with constant hydrograph

flows.
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Assumed O-ft NAVD88 for constant hydrograph run model plans, except
the validation and 1% AEP model runs which are based on a storm (10-
22DEC2019).

Based on Portland, ME NOAA tide station for validation runs.

e Sensitivity to downstream boundary assumptions checked with constant
tailwater runs alternately simulating the Portland NOAA tide station Upper
95% Confidence Interval, 1% AEP and the Lower 95% Confidence
Interval, 1% AEP levels. More details in section 5.4 of this appendix.

HEC-RAS Unsteady Computation Options and Telerances

General 1D/20 Options | Advanced Time Step Control | 1D Mixed Flow Options I

[~ Use Coriolis Effects (not used with Diffusion Wave equation)

Parameter (Default) Perimeter 1
1| Theta (0.5-1.0) 1
2| Theta Warmup {0.5-1.0) 1
3| Water Surface Tolerance [max=0.2](ft) 0.01
4| Volume Talerance (ft) 0.01
5| Maximum Iterations 20
& | Equation Set Diffusion Wave SWE-ELM (original/faster)
7| Initial Conditions Time (hrs) 2
& | Initial Conditions Ramp Up Fraction (0-1) 0.1 0.1
9| Mumber of Time Slices (Integer Value) 1 1
10| Turbulence Model Non-Conservative (onigina) Conservative
11| Longitudinal Mixing Coefficient 0.3
12| Transverse Mixing Coefficent a1
13| Smagorinsky Coefficient [}
14| Boundary Condition Volume Chedk r r
15 | Latitude for Coriolis (-30 to 50)
16| Solver Cores All Available All Available
17 | Matrix Solver PARDISO (Direct) PARDISO (Direct)
18| Convergence Tolerance
19| Minimum Iterations 0
20| Maximum Iterations G
21| Restart Iteration i6
22| Relaxation Factor 3
SOR. Preconditioner Iterations 0

CKE | Cancel Defaults ...

Figure 28: Royal River Computation Settings

5.2.1.6 Computational settings
¢ Equation Set: Shallow water (SWE-ELM)
e Turbulence - Conservative
Timestep
o Most model runs utilized 10 second timesteps
o the 1% AEP and DEC19 validation runs used 3 second timesteps.
¢ Ramp-up & model time
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o Initial Conditions time varied because runs with lower initial discharges
needed more time to fill the stream (from upstream to downstream),
while runs with higher discharges could do same in less time.

5.2.1.7 Profile Lines

A profile line representing the approximate Royal River stream centerline (“Royal River
1”) was utilized for stream stationing and comparison purposes. In addition, profile lines
were added along approximate fish passage routes through the dam sites and Middle
Falls to evaluate fish passage parameters, and at intermediate locations across the
channel to provide flow hydrographs and cross sections for comparison.

5.2.2 Existing Information

Existing hydraulic structures were incorporated into the HEC-RAS model domain as
SA2D Connections. Correspondingly, modifications were added to the terrain model to
represent substructure features. The primary difference between the Existing (without
project) and TSP (with Project) hydraulic models are how the Bridge Street Dam and
East EIm Street Dam are represented through SA2D Connections and terrain
modifications, as well as the 2D computational mesh in the vicinity of the dams.
Similarly, the two alternatives evaluated prior to TSP selection, full and partial dam
removals, were also represented through SA2D Connections and terrain modifications,
as well as the 2D computational mesh in the vicinity of the dams.

5.2.3 Calibration/Validation

Due to lack of quality High Water Marks that could be used for model calibration,
Manning’s n values in the Calibration Regions were initially adjusted to produce
hydraulic results at the USGS Gage (01060000) that would generally match the
published gaging station rating curve. Five model runs with Manning’s n values ranging
from 0.033 to 0.18, all assuming tailwater at a constant 0 ft, NAVD88, were compared to
the station rating curve (Figure 29). Calibration Region n=0.05 was visually observed to
match best and was adopted for this study. Model result sensitivity to Manning’s n
roughness coefficients was evaluated and is discussed in Section 5.4.
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Rating Curve at USGS Gage - Sensitivity to Manning's n

n=0.05 n=0.07 - n=0.10 n=0.18

—— UJSGS Rating Curve Gage 01060000 n=0.033

23

22

Published
USGS Rating
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21
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Figure 29: Royal River Rating Curve Comparison at USGS Gage

Additionally, a simulation of the 10-22 DEC 2019 storm event was performed as a
validation of the model utilizing Without Project (Existing) conditions. A separate With
Project (TSP) conditions model run was additionally performed to allow relative
comparison.

A stage hydrograph of the tidal signal for the period, retrieved from the NOAA 8418150
Portland, ME tide gage, was utilized at the downstream boundary for the validation run.
The tidal signal was utilized without adjustment because very little difference was noted
in tidal amplitude and timing of high tide from Portland versus the subordinate tide
stations nearest Yarmouth (South Freeport 8417801 and Prince Point 8417948) (Figure
30 and Figure 31). The flow hydrograph observed at the USGS gage for the period was
used as the upstream flow hydrograph for the model run (Figure 32).
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Figure 31: Tide Stage for 10-22DEC2019 Storm Event Royal River

10-22DEC2019 SIMULATION
UPSTREAM BOUNDARY CONDITION — FLOW HYDROGRAPH
USGS 15-MIN RECORDED FLOW = ~20% AEP STORM
ime Series - [l X
File Options
. Flow Hydrograph as00 W B
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[ e[ 1sDsc2010 0330 e [ | i I Legend
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Figure 32: Upstream Flow Hydrograph for 10-22DEC2019 Storm Event Royal River
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The resulting hydraulic model discharge and water surface time series at the USGS
gage location was then compared to the observed flow and stage for the 10-22 DEC
2019 storm event, as show in Figure 33 and Figure 34.

Royal River - Flows at USGS Gage - DEC2019

MODELED
FLOWS

Modeled peak

£ %0 discharge of 4234 cfs

& 55 OBSERVED \ is 1.5% lower and

£ FLOWS \ 4.5 hours later than Observed
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Figure 33: Modeled & Observed Flow Hydrograph at USGS Gage - 10-22DEC2019

Royal River - Stages at USGS Gage - DEC2019
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Figure 34: Modeled & Observed Stage Hydrograph at USGS Gage - 10-22DEC2019

The modeled peak discharge of 4234 cfs is 1.5% lower and 4.5 hours later than the

observed peak discharge of 4300 cfs. The closely matching discharge response

demonstrates that the inflow hydrograph magnitude is minimally affected by channel

and storage routing between the upstream limit of study and the USGS gage location.
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Additionally, the hydraulic model underpredicts observed peak water surface at the
USGS gage by approximately 0.7-ft. This finding is in parity with the graphical
representation in the rating curve comparison (Figure 35) indicating that the model is
somewhat more efficient than measured observations at these flow and tidal conditions,
but generally matches the trend.

Rating Curve at USGS Gage vs. DEC2019 Model

17

16

Published
15 USGS Rating
Curve

14

Published USGS Rating Curve
\

— Mo del

Elevation (ft NAVDSS8)

Validation
Model Results

0 2000 4000 6000 8000 10000 12000

Discharge (cfs)

Figure 35: Modeled & Published Rating Curve at USGS Gage - 10-22DEC2019

5.2.4 Results

Without and With Project conditions were modeled for the 7Q10, Annual Median Flow,
50%, and 10% AEP flood events as constant hydrograph flows. The 1% AEP flood
event was modeled utilizing a version of the 10-22DEC2019 historic storm hydrograph
scaled to mimic 1% AEP peak flows. For the Mid-May to Mid-June peak Alewife upriver
passage, the Royal River flows for design low (95% duration exceedance) and design
high (5% duration exceedance) were also modeled with constant hydrograph flows.

5.2.4.1 Without Project Conditions

Without Project water surface, depth, and velocity results are presented in Attachment
C “RoyalRiver_Appendix_C_HydraulicsResults_30AUG24".
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5.2.4.2 With Project Conditions

With Project water surface, depth, and velocity results are presented in Attachment C
“‘RoyalRiver_Appendix_C_HydraulicsResults_30AUG24".

5.2.4.3 Fish Passage Summary of Results

Hydraulic parameters were evaluated at the Bridge Street Dam, Middle Falls, and East
EIm Street Dam sites for Peak Alewife upriver passage conditions (Mid-May to Mid-
June 95% and 5% duration exceedance). This task was complicated by ledge outcrops
at each of these sites yielding cascades with complex and varied flow paths that change
depending on flow quantity. Likewise, unknown bottom conditions and bathymetry
immediately upstream and below the dams add uncertainty to this task. Localized
depths, velocities, vertical accelerations, turbulence, and other hydraulic phenomena
may affect target species behavior at a scale that is impractical or impossible for 2D
hydraulic modeling to accurately predict. These factors combined make determination of
fish passage routes tenuous, at best. But an important consideration is that Royal River
historically sustained upriver migration prior to construction of the dams, and With
Project conditions intend to generally restore Royal River to that state.

For purposes of this evaluation, profile lines “BridgeSt_LowFlow1”, “Middle Falls
Bypass”, and “Elm_St Low_ Flow1” were added to the model based on initial 95%
exceedance peak upriver migration inundation limits as the assumed migration
pathways to evaluate of the hydraulic parameters. Table 10 presents a summary of
hydraulic parameters along these profile lines, as a natural system, as well as the
values from Table 2 USFWS design guidance values for engineered, nature-like fish
passage of the target species as a reference.
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Table 10: Royal River Summary of Site-Specific Fish Passage Parameters

Minimum Minimum Minimum Minimum Weir | Minimum Weir | Maximum Weir Maximum
USFWS Pool/Channel Pool/Channel Pool/Channel | Opening Width | Opening Depth | Opening Water |Fishway Channel
Recommended |Species Width (ft) Depth (ft) Length (ft) (ft) (ft) Velocity (ft/sec) Slope
Parameters for Fish
Passage Design Alewife 5.0 .25 10.0 2.50 1.00 6.00 1:20
Location: Bridge Street Dam
Upriver 1:10, local max
Migration 95% 16 <1 (natural) 15 N/A (natural) <1 (natural) 4.6 (natural) '1.5' =
TSP Model Results: Exceedance :5 (natural)
Bridge Street Dam Upriver
g 1:10, local max
Migration 5% 40 <1 (natural) 30 N/A (natural) <1 (natural) 8.9 (natural)
1:5 (natural)
Exceedance
Location: Middle Falls
vpves 1:15, local max
Migration 95% 4 <1 (natural) 14 N/A (natural) | <1 (natural) el 05'1 {natural)
TSP Model Results: Exceedance .
Middle Falls Upriver 1415 Iocal
:15, local max
Migration 5% 20 < 2 (natural) 60 N/A (natural) <1 (natural) 4.3 (natural)
0.5:1 (natural)
Exceedance
Location: East Elm Street Dam
Upriver
) i 1:7, local max 1:5
Migration 95% 2 <1(natural) 5 N/A (natural) Skt A5 (fuatiaal) (natural)
TSP Model Results: Exceedance
Elm Street Dam Upriver 1:7, local max 1:5
Migration 5% 5 <2 (natural) 7 N/A (natural) | <1 (natural) | 11.6(natural) |~ ‘t tural) ‘
natura
Exceedance

While some of the parameters in Table 10 are outside the design guidelines for an
engineered nature-like fishway, the proposed natural setting at each of these sites may
yet allow upriver migration through yet-undefined flow pathways, whether currently
visible or post-demolition. If further review by fish passage experts, USFWS, or other
partners indicate grave concerns for target species passage based on these results, at
any or all of these sites, additional site design could be addressed in the Design and
Implementation Phase through the project’s Adaptive Management Plan. Such designs
would likely fine-tune localized hydraulics for effect by supplementing the natural stream
bed with limited and strategically placed material such as sandbags, boulders, or
remnant granite blocks from dam demolition.

5.2.4.4

Changes to depth, width and velocity of the river were reviewed with regards to potential
impacts to recreation from the Yarmouth History Center boat launch to the upstream
limits of the study, near Route 9.

Recreation Summary of Results

In general, With Project water levels during “normal” Annual Median flows are
anticipated to be approximately 4-feet lower than Without Project conditions, from the
Yarmouth History Center boat launch to a point approximately 4 miles upstream near
the mouth of Toddy Brook. From the mouth of Toddy Brook to Route 9, at the upstream
end of the study reach, the difference in water levels decreases from 4-feet to
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approximately 1-foot. Although not explicitly in the model, testing indicates that lower
water levels are unlikely to extend beyond Wescustugo Park or the railroad tracks along
Chandler Brook.

Despite the lower water levels, flow widths and depths at the canoe launch and heading
upstream appear to continue to support recreation activities, as shown in the “paddle
depth” plots contained in Attachment C
“‘RoyalRiver_Appendix_C_HydraulicsResults_30AUG24”. In the “paddle depth” review,
With Project flow depths are displayed highlighting locations predicted to be less than 1-
foot deep during “normal” Annual Median Flows. The flow depth plots have orange
colors for depths less than 1-ft, and red below 6-inches, indicating potential recreational
hazards.

Areas across from the Yarmouth History Center canoe launch and towards the Elm
Street Bridge could be problematic for paddling, but depths in the upstream direction
appear sufficient for recreation. Four locations of potential stream narrowing with
relatively shallow depths (< 1.5-ft depth) are indicated in the plots, generally in the upper
reaches near Toddy Brook, which may require limited portage. Although the flow
velocity during “normal” Annual Median Flows is generally predicted to increase, it is
predicted to remain low near the canoe launch (<2 feet/second).

This review is intended to be representative but is not all inclusive. It is possible that
shallower depths may sustain recreation, or deeper depths may pose recreational
hazards based on individual circumstances. Similarly, thunderstorms and/or heavy
rainfall in the Royal River watershed could lead to rapidly changing and dangerous
conditions on the river, as is currently the case under Without Project conditions.
USACE assumes no liability regarding these findings or future recreational uses on the
Royal River.

5.2.4.5 Summary of Results

With- and Without Project conditions results were compared for the low- and normal-
flow periods (7Q10 and Annual Median Flow), peak Alewife upriver passage conditions
(Mid-May to Mid-June 95% and 5% duration exceedance), and flood events (50%, 10%,
and 1% AEP).

Water surface elevation change (With-Project - Without-Project) was evaluated along
the stream centerline “Royal River 1” for each of these modeled events and is
presented in Table 11.
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Table 11: Royal River Predicted Water Surface Elevation Changes

Water Surface Elevation Change [With-Project - Without-Project)

Reach From Station | To Station | Average (fr) Max (ft] | Where (Sta) Min (ft) Where (5ta)
Estuary - 9,400 0.0 0.0 5,622 0.0 6,131
First Falls 9400 11 250 0.0 10 9,973 0.0 10,021
Bridze Streat 11 250 13,100 -1.8 09 11 857 -3.0 11,354
Middle Falls 13,100 14,600 0.0 05 13,741 -0.5 13,643
Elm Streat 14,600 45 500 -34 10 15,267 -39 21,161
Route 3 45500 | 46322 21 14 45,753 25 45,476
Reach From Station | To Station | Awverage (ft) Max (ft] | Where [Sta) | Min [ft) Where [Sta)
Estuary - S.400 0.0 0.0 - 0.0 -
First Falls 9,400 11,250 0.0 0.4 9,973 0.0 11,194
Bridge Street 11,250 13,100 -2.3 1.0 11,859 -5.2 11,915
Middle Falls 13 100 14 600 0.5 0.7 13,749 -1.3 13,642
Elm Streat 14 600 45 500 4.0 33 15,265 -4.5 16,384
Route 3 a5co0|  asann EE 16 46,752 27 45,472
Reach From Station | To Station | Awerage (ft) Max [ft] | Where (Sta) Min (ft) Where (Sta)
Estuzry - 5,400 0.0 0.0 - 0.0 B
First Falls 9400 11,050 01 032 9,964 01 9,995
Bridge Streat 11,250 13,100 -24 10 11,858 45 11,927
Middle Falls 13,100 14,600 0.3 07 13,749 -1.0 13,642
Elm Street 14,600 45 500 -3.9 0.1 15,155 -4.3 16,384
Route 2 45500| 46,822 24 16 45,778 28 45,457
Feach From Station | To Station | Average |fi) Max [ft] | Where [Sta) | Min [ft) Where [5ta)
Estuary - 9,400 0.0 0.0 9,271 0.0 -
First Falls 9,400 11,250 0.0 07 10,054 -2.4 5,993
Bridge Street 11,250 13,100 -16 12 11,860 -6.6 11,858
Middle Falls 13,100 14,600 01 03 13,921 -0.4 14,020
Elm Streat 14,600 45 500 -25 27 15,272 -33 15,384
Fowme 3 45500 | 46822 10 07 45,786 11 45,501
Reach From Station | To Station | Awverage [ft) Max [ft] | Where (Sta) | Min [ft) Where [Sta)
Estuary - 9,400 0.0 0.0 7,274 0.0 -
First Falls 9400 11,250 0.0 01 9,871 0.0 9,590
Bridge Street 11,250 13,100 -1.4 18 11 867 -7.7 11,598
Middle Falls 13,100 14,600 01 0.7 13,520 -0.2 14,573
Elm Streat 14,600 45 500 0.7 29 15,274 5.6 15,279
Route 2 45500| 46,822 03 03 36,261 03 45,367
Reach From Station | To Station | Average (ft) Max (ft] | Where (5ta) Min (ft) Where (5ta)
Estuary - 9,400 0.0 00 - 0.0 -
First Falls 9,400 11,250 00 0.0 9,973 0.2 9,845
Bridge Streat 11,250 13,100 -15 20 11,871 8.2 11,898
Middle Falls 13,100 14 600 0.0 0.2 14,062 -0.8 13,993
Elm Street 14,600 45,500 0.4 3.0 15,274 L& 15,279
Route 3 45500 | 26,322 01 01 45,042 01 45,473
Reach From Station | To Station | Awverage [ft) Max (ft] | Where [Sta)] | Min [ft) Where [Sta)
Estuary - 9,400 0.0 0.0 6,950 0.0 -
First Falls 9,400 11,250 0.0 0.1 9,759 0.0 2,401
Bridge Street 11,250 13,100 -1.5 03 11,686 -4.5 11,897
Middle Falls 13,100 14,600 0.4 11 14,062 -1.3 13,993
Elm Strest 14,600 45 500 0.2 21 15,274 L5 15,279
Route 3 45500 | 46,822 0.0 0.0 45,507 0.0 45,475

Below is a list of select observations made while comparing the With- and Without
Project conditions and results for the low- and normal-flow periods (7Q10 and Annual
Median), peak Alewife upriver passage conditions (Mid-May to Mid-June 95% and 5%

duration exceedance), and flood events (50%, 10%, and 1% AEP).
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e Comparison of the With- and Without Project conditions indicates Royal
River will be lower during normal and low flow conditions in areas
upstream of the dams - generally between Bridge Street and Middle Falls,
and also between the East ElIm Street Dam / Royal River Park and State
Route 9 / Baston Park. Some areas may experience within bank flow
depth increases, particularly areas downstream of the dams. As flows
increase due to precipitation or snowmelt, the Royal River is expected to
behave more similar to existing conditions.

e Comparison of Hydraulic fish passage parameters at the Bridge Street
Dam, Middle Falls, and East EIm Street Dam sites for Peak Alewife
upriver passage conditions (Mid-May to Mid-dJune 95% and 5% duration
exceedance) were made to USFWS suggested guidelines for engineered
nature-like fishway designs for the target species. Although multiple
factors made this comparison tenuous, and some of the parameters in
Table 10 are outside the design guidelines, the proposed natural setting at
each of these sites may yet allow upriver migration through yet-undefined
flow pathways, whether currently visible or post-demolition.

e Aside from locations under the dams, two new areas of predicted
streambed bedrock outcropping are predicted to become visible during
normal flows. The first location is approximately 100-ft upstream of the
Beth Condon pedestrian footbridge. This location was observed during a
trial drawdown of Bridge Street Dam on 12NOV2014 and was also
observed during a 2011 drawdown (Maine Rivers, 2013). The second
location is between the EIm Street bridge and the Yarmouth Historical
building.

¢ Flood conditions will be generally identical or have slight reduction based
on 50%, 10%, and 1% (2-, 10-, and 100-yr) storm events. However, there
are some locations of water level increase during the 1% AEP (100-yr)
storm event, as shown in Attachment C. Specifically, water levels are
predicted to increase on average 0.1-ft between the estuary and Bridge
Street, average 0.2-ft between Bridge Street and the Bridge Street Dam
site. A photograph provided by the Yarmouth Historical Society depicting
Grist Mill during a flood in 1893 seems to indicate that the building would
be resilient to such an increase (see Attachment C). Upstream of Bridge
Street on the left side could experience a water level increase of 0.5-t.,
possibly due to acceleration and increased flow in With Project conditions
on that side of the stream interacting with the island upstream of the
bridge, however it is still expected to crest multiple feet below the retaining
wall. Comparison of results indicates areas of potential increase up to 1-
foot located in the far left floodplain near US Route 1 and the Beth Condon
footbridge. It is suspected, but not yet confirmed, that the results in this
specific area are likely inaccurate due to how the SA2D connections are
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modeled for the two closely spaced bridges. Comparison at Middle Falls
indicates that 1% AEP water surface levels could increase by up to 2.5-
feet, however the extents are limited to largely difficult-to-access areas
with no predicted adverse impacts. There is also an area immediately
downstream of Elm Street Dam indicating an increase of 3.5 feet water
level, due to the removal of the dam its associated plunge jet of water.
Refined hydraulic modeling may be able to more accurately predict 1%
AEP With Project conditions in the future, but at this time the results
indicate that no existing structures would be adversely impacted in a
significant manner under the With Project conditions

e Review of the 1% AEP (scaled 10-22DEC2019 storm hydrograph) model
runs, roughly equivalent to the 1% AEP and based on an actual storm
hydrograph and tailwater combination, also follows the trend of generally
identical or slight reduction with some areas of slight increase. Similar to
the 1% AEP constant hydrograph flow model run, water levels are
predicted to increase on average 0.1-ft between the estuary and the
Bridge Street Dam site, with an isolated area near Bridge Street that could
experience up to a maximum water level increase of 0.2-ft. The area
immediately downstream of EIm Street Dam is predicted to have a water
level increase 2.1 feet, but is subject to the same localized, transient
condition and also does not impact structures in the vicinity.

¢ Significant increase of within bank velocity through the Bridge Street Dam
site during flood flows primarily due to the narrowing and the lowering of
the floodplain through that area. Impacts are generally expected inside the
channel between Bridge Street and Middle Falls. These effects are also
reflected in the upriver migration results but to a lesser extent as the flows
are lower, as summarized in Table 10 and displayed in Attachment C.

e Significant increase of within bank velocity through the East Elm Street
Dam site during flood flows primarily due to the narrowing and the
lowering of the floodplain through that area. Impacts are generally
expected inside the channel between Elm Street and Middle Falls, along
the southern side of Gooch Island near the existing fish ladder. These
effects are also reflected in the upriver migration results but to a lesser
extent as the flows are lower, as summarized in Table 10 and displayed in
Attachment C.

e Foundry Channel is expected to become intermittent except during higher
flow events. Flows in Foundry Channel will be largely controlled by the
invert of the culvert under East EIm Street.

e Based on available bathymetry and hydraulic model results, a portion of
the back channel of Gooch Island closest to the East EIm Street Dam is
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expected to become intermittent except during high flow events. The
hydraulic modeling does not explicitly account for flow through the cracks
between the granite blocks, however. Anecdotal evidence suggests an
unquantified portion of the flow in the back channel flows through, not
over, the dam. The hydraulic modeling does indicate that other portions of
the back channel are expected to have water during normal conditions,
fed from the downstream junction. Recent collections of bathymetry have
not sampled in the back channel, so improved bathymetry could help
enhance the definition of the hydraulic response in this area, as it is
currently based on the FEMA study and some LIiDAR spot elevations.
Similarly, further studies could include a focused inspection and
identification effort to quantify major cracks between granite blocks,
estimate current flow through the dam, and estimate the amount of
potential flow reduction due to With Project reduced water levels.

e The water levels at Baston Park and at the State Route 9 bridge are
predicted to decrease by approximately 2-feet under normal conditions. It
is currently unknown if this change could impact operation of the dry
hydrant or planned improvements at Baston Park.

e Lower normal water levels may affect some recreational opportunities;
however, the general lowering of water levels between Elm Street and
State Route 9 by an average of 3.8 feet does not appear to necessarily
exclude any current opportunity. The water depth at the canoe launch
behind the Yarmouth Historical building would still have more than 3-ft
flow depth without a significant increase in stream velocity. This is partially
due to the predicted streambed bedrock outcropping between the
Yarmouth Historical building and Elm Street. Some locations between the
Yarmouth Historical building and the State Route 9 canoe launch may
become relatively narrow and have normal flow depths of approximately
1.5-ft, based on current bathymetry.

5.3 ASSUMPTIONS & SIMPLIFICATIONS

For this feasibility-level CAP 206 aquatic ecosystem restoration study, several
assumptions/simplifications were necessary:

e Hydraulic model results are assumed to be generally representative for
feasibility-level aquatic organism passage considerations. At the falls and
other locations within the model domain, localized depths, velocities,
vertical accelerations, turbulence, and other hydraulic phenomena may
affect target species behavior at a scale that is impractical or impossible
for 2D hydraulic modeling to accurately predict.

51
Royal River, Yarmouth ME Detailed Project Report &
206 Aquatic Ecosystem Restoration Environmental Assessment
Restoration Study



¢ Due to unknowns regarding dam construction methods in this study area,
there is uncertainty regarding the stream bed under the dams. While it is
known that the dams were built upon bedrock formations, the extent to
which the bedrock may have been modified is unknown. Additionally,
bathymetric data immediately upstream of the dams was not collected due
to safe access constraints. For purposes of this study, the underlying
stream bed was assumed to have a smooth linear slope between nearest
available bathymetric data points.

e Tailwater assumed constant O-ft NAVD88 for majority of model runs,
except the 1% AEP and DEC19 model validation runs. Due to the First
Falls hydraulic control at the head-of -tide, the model is largely not
sensitive to this assumption as discussed in section 5.4 of this appendix.

e As noted in the previous hydrology and boundary condition discussions of
this appendix, flows were defined only at the upstream boundary. While
most of the runs are constant hydrograph flow, the DEC19 model
validation run demonstrates that the inflow hydrograph is minimally
affected by channel and storage routing between the upstream limit of
study and the USGS gage location. While there are some tributaries and
directly contributing runoff areas within the study reach, they are minor
compared to the upstream watershed.

e The bathymetric surface is assumed to be a fixed bed (non-erodible
sediment) for model simplification. While there is significant uncertainty
regarding depth to bedrock below the bathymetric surface in some areas,
especially immediately upstream of the dams, available sediment probes
indicate surficial deposits are relatively shallow. The following was noted
by USACE staff performing sediment sampling in October 2023: “The
majority of the riverbed is scoured hard bottom with some coarse
sediment (cobble, gravel, and a little bit of sand). With the exception of the
area immediately behind the East EIm Street Dam we had to really hunt
for areas with sediment to sample. In most cases the samples had to be
taken immediately adjacent to the shoreline in order to get anything at all.
The material next to the shore line was typically a mix of sand, organic silt,
and vegetative debris.” Sensitivity to this fixed bed assumption, focused
on the area immediately upstream of East EIm Street Dam “All Muck”, is
included in section 5.4 of this appendix.

e Potential geomorphological and/or channel bank instability due to water
level draw down, especially upstream of Elm Street, assumed to not
generate a significant increase in sediment delivery or otherwise pose a
significant threat to the feasibility of the project. The PDT has coordinated
with the ERDC WOTS program to evaluate and address the likelihood of
this concern, however at the time of this draft a final report is not available.
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These concerns were also evaluated by FGS, for the Stantec 2013 report,
concluding in full:

“‘Removal of the East EIm Street Dam is likely to increase bank erosion in
the upstream impoundment but is less likely to increase sediment delivery
to the harbor as large floods, given the confined nature of the channel,
appear responsible for the bulk of sediment delivery to the harbor and
have been essentially unaffected by the dam’s presence. Sediment
released by additional bank erosion is more likely to remain at the base of
the bank or be reworked within the impoundment by smaller floods whose
transport efficiency will increase with dam removal. The modification of
channel form due to the greater effectiveness of small floods could have
minor impacts to recreational uses within the impoundment area. The
slight increase in flow velocity at low flow conditions and shallowing of flow
depths as riffles develop may reduce the number of suitable days and
river length where ice conditions are appropriate for skating in the winter.
Canoeing and other boating may become more difficult in the shallowest
areas, but the effectiveness of large floods may periodically reverse these
trends and lead to deepening of the sandy channel substrate. Habitat
complexity is likely to increase with dam removal as more frequent pools,
riffles, and point bars develop over time. Further studies could be
conducted to corroborate the findings of this assessment, but the distinct
confined nature of the impoundment on the Royal River upstream of the
East EIm Street Dam has likely limited sediment storage behind the dam
and, as a consequence, will minimize the impact of dam removal within
the impoundment area and the harbor downstream.”

e Explicit sediment transport modeling was not performed for this study,
however there is significant sediment transport capacity in the Royal River
to the estuary during flood flows, based on hydraulic results. This is
supported by the shallow bedrock of the Royal River streambed and the
steep channel slope of 70 feet/mile for the stream mile upstream of the
head-of-tide. In addition, hydraulic results indicate that the river is largely
insensitive to measures and alternatives considered for this feasibility
study during flood flows. Smaller flows may influence some sediment
transport and deposition within the upstream impoundments, as described
in the FGS conclusions above, however this would be transitory in nature
and reset by intermittent larger floods. In simple terms, the river is
assumed to continue to transport sediment downstream to the estuary, as
it has done historically, and sediment transport modeling is therefore
assumed to be not required for the purposes of this study or future design

efforts.
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e The upstream limits of the study area are assumed to be acceptable for
purposes of this CAP 206 study. Specifically, hydraulic results show that
during the normal flow scenario approximately 1-foot of water level
reduction occurs at the limit when comparing With and Without project
conditions. The study limit was defined (at least partially) based on limit of
bathymetric data. An attempt was made to extend the model further
upstream using DEM information with an assumed triangular shaped
channel with an invert based on the FEMA FIS flood profile slope and
inverts in order to approximate how far the effects could propagate
upstream, as shown in Figure 36. The approximation indicates that effects
are unlikely to propagate further than 10,000 feet above the current study
limits (Wescustogo Park/Route 231). The model extension was
corrupted/lost during a software crash.

¥ flood profile for stream inverts and
applies all median annual flow (120 !
cfs) along Royal River at Rt 231

i without adjustment for Chandler
1 Brook. Further refinement possible |
J in future with better bathymetry.
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Figure 36: Approximated Upstream Model Extension

e Any portions of dams not removed in partial removal measures are
assumed to remain in place and be properly maintained.

e During the process of selecting LIDAR point cloud data to define in-
channel boulders and other topographic features, some erroneous ‘noise’
was introduced into the terrain model. Although efforts attempted to
remove as many of the erroneous LIDAR data points from the terrain as
practical, some remain and potentially affect hydraulic results. An example
of such spurious spikes resulting from erroneous LiDAR points is shown in
Figure 37. Any erroneous LIiDAR data points remaining in the terrain are
assumed to be negligible and not impact the overall CAP study results.
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East Elm Street Dam
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Figure 37: Exaggerated vertical scale terrain model showing some erroneous LiDAR
points near Gooch Island (yellow circle)

e |ce effects are not considered in this study. Ice is assumed not to affect
river hydraulics during the upriver migration period. The target species will
migrate and lay in the spring when the water is between 41-50F, which is
May through June. While ice and ice jams may affect the flooding stage-
frequency relationship along the Royal River, its formation, passage, and
effects are assumed to be equivalent in With- and Without- project
conditions. The only Royal River entry in the USACE Ice Jam Database
indicates that there was a Break-Up ice jam reported at the USGS gage
on 16 FEB 1984 at 1650 hours. No gage height or flooding was reported,
and the average daily discharge was estimated to be 1500 cfs.

¢ Groundwater was not explicitly modeled and any drawdown effects in the
potentiometric groundwater surface related to dam removal surface water
drawdowns are assumed to be localized. Review of the Maine Department
of Environmental Protection’s Environmental and Groundwater Analysis
Database, via the Maine Geological Survey
(https://www.maine.gov/dacf/mgs/pubs/digital/well.ntm#mapsearch)
(accessed on 01April24) indicates that well depth in the vicinity are
typically 200 feet or more.

e Accumulation of floating debris and its effects on hydraulics were not
considered in this feasibility study. It is anticipated that increased amounts
of floating debris may become trapped behind remnants of the East Elm
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Street Dam in the With Project scenario. This is because the remaining
wall will be on the outside of a bend in the river's path and the lower water
levels will not pass logs over the remaining wall, as occurs in Without
Project. Natural, woody debris accumulation in that location is not
expected to significantly affect hydraulics because it is not within the direct
flow path. Routine maintenance by project partners is assumed to prevent
significant accumulation.

5.4 SENSITIVITY ANALYSIS

TSP sensitivity to downstream boundary assumptions was checked for the Upriver Peak
Migration 95% exceedance and 5% exceedance flows with constant tailwater runs
based on the Portland NOAA tide station Upper 95% Confidence Interval, 1% AEP and
the Lower 95% Confidence Interval, 1% AEP levels. The Portland NOAA tide station
Upper 95% Confidence Interval, 1% AEP and the Lower 95% Confidence Interval, 1%
AEP levels are 9.6-ft NAVD88, and -9.0-ft NAVD88, respectively. The results of the
sensitivity runs were compared to TSP Upriver Peak Migration 95% exceedance and
5% exceedance flow results along the stream centerline. Water surface centerline
profiles and tabular results of the comparison are included in Attachment C, but only
nominal changes were identified at the USGS Gage location and no changes upstream
of First Falls. Thus, the TSP model is not sensitive to downstream boundary tailwater
assumptions.

Existing and TSP sensitivity to Manning’s n roughness assumptions were checked for
the Upriver Peak Migration 95% exceedance and 5% exceedance flows. As discussed
in sections 5.2.1 and 5.2.3, Existing and TSP Manning’s n roughness values were
based on NLCD land use values as well as calibration zones. The ranges of typical n-
values presented in the HEC-RAS 2D User Manual for each NLCD value was utilized to
develop two test scenarios: Low and High roughness. The Low roughness scenario
assigned the lowest values in each NLCD category based on the HEC-RAS 2D User
Manual reference, and also set the calibration zones to the lowest value for open water.
The High roughness scenario assigned values equal to 1.5 times the highest values in
each NLCD category based on the HEC-RAS 2D User Manual reference. The High
roughness scenario also set the calibration zones to 1.5 times the highest value for
open water. Water surface centerline profiles and tabular results of the comparison are
included in Attachment C. Generally stated, High n and Low n scenarios produce TSP
water levels up to 0.8-ft higher and 0.2-ft lower, respectively, for the 95% Upriver Peak
Migration Flows. Comparing Existing and TSP plans we see there is generally less
drawdown with High n values (max 0.6-ft less), and generally more drawdown with Low
n values (max 0.3 ft. more). For the 5% Upriver Peak Migration Flows, there is more
difference with the additional flow: High n and Low n scenarios produce TSP water
levels up to 2-ft higher and 0.5-ft lower, respectively. Comparing Existing and TSP plans
we see there is generally less drawdown with High n values (max 0.8-ft less), and
generally more drawdown with Low n values (max 0.5 ft. more). Thus, the Existing and
TSP models are moderately sensitive to Manning’s n roughness assumptions.
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Per the assumptions listed above, whatever sediments upstream of the dams were
assumed immobile for purposes of the hydraulic model analysis. Bedrock is also
observed at the dam locations, and many of the sediment probes in the vicinity indicate
shallow substrate or rock. However, it is also known that there is some muck and other
soft sediments that can be potentially mobilized, particularly behind the East Elm Street
Dam. To check the sensitivity of this bottom condition assumption at East EIm Street
Dam, a sensitivity “All Muck” run was performed. The “All Muck” model run modified
bathymetric surface at East EIm Street Dam to lower elevations to the minimum values
observed in the vicinity upstream and downstream of the dam (elevation 60-ft NAVD88).
The results of this analysis indicated that Annual Median Flow water surface elevations
could decrease by 2-feet or more vertically, however the extents of that change would
be limited by upstream bedrock outcropping located approximately 150-feet upstream of
the East EIm Street bridge. The upstream bedrock has been identified as rock and is
predicted to act as a hydraulic control for upstream water surface elevations. In this “All
Muck” Annual Median Flow scenario, flows would be expected to be generally shallow
cascades starting at the upstream bedrock and running downstream through the East
EIm Street dam location. If this scenario manifests, the increased drawdown may
adversely impact minimum depths required for fish passage, as well as other
parameters evaluated in Table 10, potentially requiring that the site is included in the
Adaptive Management Plan.

6.0 CONCLUSIONS

Multiple flow conditions of the Royal River were modeled using HEC-RAS 2D hydraulics
routines for evaluation of aquatic ecosystem restoration measures across the natural
range of hydrologic variability. The results were used to inform planning, feasibility level
design calculations, and cost estimates. Model results indicate that the Royal River will
be lower during normal and low flow conditions in areas upstream of the dams -
generally between Bridge Street and Middle Falls, and also between the East EIm
Street Dam / Royal River Park and State Route 9 / Baston Park. Some areas may
experience within bank flow depth increases, particularly areas downstream of the
dams. As flows increase due to precipitation or snowmelt, the Royal River is expected
to behave more similar to existing conditions.

Comparison of Hydraulic fish passage parameters at the Bridge Street Dam, Middle
Falls, and East EIm Street Dam sites for Peak Alewife upriver passage conditions (Mid-
May to Mid-June 95% and 5% duration exceedance) were made to USFWS suggested
guidelines for engineered nature-like fishway designs for the target species. Although
multiple factors made this comparison tenuous, and some of the parameters in Table
10 are outside the design guidelines, the proposed natural setting at each of these sites
may yet allow upriver migration through yet-undefined flow pathways, whether currently
visible or post-demolition. If further review by fish passage experts, USFWS, or other
partners indicate grave concerns for target species passage based on these results, at
any or all of these sites, additional site design could be addressed in the Design and
Implementation Phase through the project’s Adaptive Management Plan. Such designs
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would likely fine-tune localized hydraulics for effect by supplementing the natural stream
bed with limited and strategically placed material such as sandbags, boulders, or
remnant granite blocks from dam demolition.

Changes to depth, width and velocity of the river were reviewed with regards to potential
impacts to recreation from the Yarmouth History Center boat launch to the upstream
limits of the study, near Route 9. Areas across from the Yarmouth History Center canoe
launch and towards the EIm Street Bridge could be problematic for paddling, but depths
in the upstream direction and typical flow velocities appear sufficient for continued
recreational uses.

Flood conditions will be generally identical or have slight reduction based on 50%, 10%,
and 1% (2-, 10-, and 100-yr) storm events. However, there are some locations of water
level increase during the 1% AEP (100-yr) storm event. Specifically, water levels are
predicted to increase on average 0.1-ft between the estuary and the Bridge Street Dam
site, with an isolated area near Bridge Street that could experience up to a maximum
water level increase of 0.5-ft.

Significant increase of within bank velocity through both the East EIm Street Bridge site
and the Bridge Street Dam site are predicted during flood events due to the narrowing
and the lowering of the floodplain through those areas. Impacts are generally expected
to be limited to inside the channel with resistant bedrock streambed. These effects are
also reflected in the upriver migration results but to a lesser extent as the flows are
lower. Review of fish passage velocity parameters in Table 10 are outside the design
guidelines at Bridge Street Dam and at the East EIm Street Dam. The proposed natural
setting at each of these sites may yet allow upriver migration through yet-undefined flow
pathways, whether currently visible or post-demolition. If further review by fish passage
experts, USFWS, or other partners indicate grave concerns for target species passage
based on velocity, at any or all of these sites, additional site design could be addressed
in the Design and Implementation Phase through the project's Adaptive Management
Plan.

7.0 FUTURE EFFORTS

At the time of this draft, Middle Falls aquatic organism passage design is in progress
and is pending input from USFWS. The results reported here do not reflect
modifications to Middle Falls, but they should be included in the overall analysis in the
future. It should be noted though that preliminary modeling has indicated that such
efforts likely will have only localized within bank effects on streamflow.

If warranted by feasibility or design needs, the hydraulic model could be enhanced in
the future:
e Evaluate/refine Middle Falls project elements for aquatic organism
passage criteria, including acquisition of survey if required;
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e Extend Royal River model upstream to Westcutugo Park and along
Chandler Brook to the first railroad crossing, or further upstream, as
relevant to evaluate the full upstream limits of potential effects;

e Rebuild the terrain model using updated Federal Navigation Project
survey if relevant for estuary concerns;

e Further refine collective understanding of bathymetric surface at
immediate vicinity of dams, remove erroneous lidar points, and remove
likely mobilized, surficial sediments from the terrain model, as relevant;

e Collect additional bathymetry in the Gooch Island back channel to
enhance the definition of the hydraulic response in this area, if
appropriate;

e Enhance 2D computation mesh at areas of enhanced interest especially
around dam removals and aquatic organism passage projects. In addition,
review the dam and bridge hydraulics throughout the model and especially
near the Beth Condon Footbridge, Route 1, and Falls Bridges as some
results in these areas appear inconsistent at different flow values;

e Establishment of a stream gage, or similar instrumentation at the State
Route 9 bridge could help provide a more complete understanding of
channel hydraulics when used with the current USGS stream gage. This
would allow model calibration for normal, and any flood flows experienced
during its operation, and could improve understanding of both With and
Without Project conditions.

e Develop a plan for post-construction validation of aquatic organism
passage. Hydraulic modeling can only predict fish behavior to a certain
extent and there might be a need to evaluate and modify site conditions
after construction. For example, should there be an as-built survey and an
as-built modeling update? Or is it sufficient to rely on actual fish passage
data collected by partners? This can be integrated into the Adaptive
Management Plan if appropriate.

The pending ERDC WOTS draft trip report identified potential items for further study:

e Sediment located on the margins of the pool upstream of the dam
modification should be targeted for revegetation as the modifications are
completed. Specifically, native species should be identified and used to re-
establish nature conditions.

o Utilities, bridges, and other infrastructure should be further investigated to
determine if any issues will arise from the dam modifications.

o Development of fish passage designs should include working with existing
restoration groups and engineering designs previously implemented to
ensure there is a “Systems Approach” to restoration for the entire reach.
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e Although this project appears to be one of the best situations for dam
removal, some additional tributary and bank erosion assessments should
be completed upstream of the dam modification site during Design and
Implementation.

e The nature of the Stream Alluvium on the Royal River channel margins
and the interaction with the Presumpscot Formation (fine-grained clays)
should be further investigated. The fine-grained clays may provide erosion
protection both in the channel bed (tributaries) and in the lower banks of
the Royal River.

The nature of the bedrock is known locally around the dam locations and
will need to be further investigated upstream of each structure so there are
no significant impacts to the landowners immediately adjacent and
upstream of the dam removal/modification sites.
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9.0 LIST OF ACRONYMS AND ABBREVIATIONS

AEP
ARI
cfs
DPR
DoD
EO
FEMA
FERC
FID
FNP
MHW
MHHW
MLW
MLLW
NACCS
NAD
NAVD 88
NMFS
NOAA
NTDE
O&M
PDT
sq. ft.
TSP
USACE
USFWS

Annual Exceedance Probability

Average Return Interval
Cubic feet / second

Detailed Project Report

Department of Defense

Executive Order

Federal Emergency Management Agency
Federal Energy Regulatory Commission
Federal Interest Determination

Federal Navigation Project

Mean High Water

Mean Higher High Water

Mean Low Water

Mean Lower Low Water

North Atlantic Coast Comprehensive Study
North Atlantic Division

North American Vertical Datum of 1988
National Marine Fisheries Service
National Oceanic and Atmospheric Association
National Tidal Datum Epoch

Operations & Maintenance

Project Delivery Team

Square feet

Tentatively Selected Plan

United States Army Corps of Engineers
United States Fish and Wildlife Service
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Selections from the Effective FEMA HEC-2 Hydraulic Study
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Table 2: Flooding Sources Included in this FIS Report - continued

Length (mi}| Area (mi2) Zone
HUC-8 Sub- |(streams or| (estuaries | Floodway | shown Date of
Flooding Source Community Downstream Limit Upstream Limit Basin(s) |coastlines) |or ponding)| (Y/N) |onFIRM| Analysis
Approximately 455 feet 1978
Quaker Brook  [Baldwin, Town of ~ [CONfluence with Saco jupstream of State 01060002 | 1.0 Y AE | (redelineated
River Route 113 in the Town 2013
of East Baldwin )
Within the corporate L i
I Corporate limits with 1980
Red Brook Sf“‘h Portiand, City ]'J”’"ts of ?l‘)”th P':'r.tt'ﬁ"d the Town of 01060001 16 Y AE | (redelineated
) rom confluence wi Scarborough 2013)
Jackson Brook
Approximately 0.83 1980
Royal River Confluence with Casco [miles upstream of , -
Downstream Yarmouth, Town of Bay North Elm Street 01060001 20 Y AE {redzell}ng?ted
Railroad
Royal River Town of North Town of New 1980
Upst Gloucester, Town of |Yarmouth corporate Gloucester corporate 01060001 106 Y AE (redelineated
pstream limits limits 2013)
Raoyal River Within the Town of Within the Town of 1980
Upstream Gray, Town of Gray Gray 01060001 27 Y AE (redsg?g?ted
Roval Ri North Y th Town of North Town of New 1980
tha lver _I_O farmou ’ Yarmouth corporate Gloucester corporate 01060001 749 Y AE (redelineated
pstream own o limits limits 2013)
Saco River Standish, Town of || .0r-Cumberland Town of Baldwin 01060002 | 108 Y AE (red;ﬁrfgated
' County Boundary corporate limits : 2013)
York-Cumberland Cumberland-Oxford 1978
Saco River Baldwin, Town of . 01060002 129 Y AE (redelineated
! County Boundary County Boundary lines 2013)
- Confluence with the 1979
Saco RiverLeft \oiich Town of  |Cataract Dam Saco River in the Town| 01060001 0.4 Y AE | (redelineated
Channel :
of Standish 2013)




at

Table 13: Summary of Hydrologic and Hydraulic Analyses - continued

. L. Hydrologic
Study Limits Study Limits Model or Hydraulic Model | Date Analyses | Flood Zone
Flooding Source | Downstream Limit Upstream Limit Method Used or Method Used Completed on FIRM Special Considerations
Within the
corporate limits of - regional
Corporate limits : 1980
South Portland . equation USAGE HEC-2 - AE w/
Red Brook from confluence g'th Lhe TD":" of prepared by step-backwater {redzetl;?gated Floodway
with Jackson carboroug USGS )
Brook
Approximately
_ . 0.83 miles USGS Maine - 1980 .| correlated with statistical analyses
guyal It%wer gmﬂu‘?ce cl upstream of Regional d'wdeld ﬂow (redelineated FIAEGWI of USGS stream gage no.
ownstream asco bay North Elm Street Equation analysis 2013) 00dWaY | 5106000
Railroad
) Town of North Town of New 1980
Royal River USDANRCS | USDA NRCS - AE w/
Upstream Yarmouth Gloucester TR-20 WSP-2 (redelineated | oo ay
corporate limits corporate limits 2013)
Royal River Within the Town | Within the Town | USDANRCS | USDA NRCS (red;;?l?gated AE W/
Upstream of Gray of Gray TR-20 WSP-2 2013) Floodway
Royal River \T(DW" Oft:mth gl’w" thNeW USDANRCS | USDA NRCS ;?80 ed AE W/
Upstream armouth oucester TR-20 WSP-2 (redelineated | 100 qway
corporate limits corporate limits 2013)
. York-Cumberland | Town of Baldwin | '°9-P8arson | ,eaq a3y 1979 AE wi
Saco River County Boundary | corporate limits Type lli step-backwater | (FOEineated | oo wa
ty 'y | corp distribution p- 2013) y
T"‘;%fﬁf"i”g USGS gage (no. 01066000)
Cumberiand- . - 1978 located at Comnish, Maine, on the
) York-Cumberiand Water USACE HEC-2 y AE w/ . ! ! .
Saco River County Boundary Oxford County Resources step-backwater (redelineated Floodway Saco River, was used to establish
Boundary lines council 2013) the peak discharge-frequency
Bulletin No. 17 relationships




Table 10: Summary of Discharges - continued

Peak Discharge (cfs)

Drainage
Area

(Square 10% Annual 2% Annual 1% Annual 0.2% Annual
Flooding Source Location Miles) Chance Chance Chance Chance
Fung;'rf;‘;f}r At Morse Road in New Gloucester 483 2,610 3.710 4270 5.940
?Uop‘-'“;'rii‘:ﬁ}r At Penny Road in New Gloucester 45.13 2,450 3,530 4,060 5,890
?Uop"“;'rii‘:ﬁ}r Al otate Route 231 In New 38.1 2,100 3,110 3,620 5,090
?Uop"“;'rg;:ﬁ}r AL Canadan National Railroad in 29.15 1,320 2,090 2460 3,580
?Uog’;'rf;:f}r Al Cobbs Bridge Road In New 28.46 1,270 2,020 2,390 3,490
?Uog;'reﬂfﬁ}r ’z‘;r‘;’gr;g"l"in‘fi'tg”':eme' upstream 26.07 1110 1,810 2.150 3.190
?Uog;'rg;ﬁ ﬁ‘;;‘g&g’};ﬁﬁgmoum downstream 136.4 6,490 8,930 10,170 13,900
?Uogg'rg;;f}r At State Route 9 in North Yarmouth 131.96 6,540 8,850 10,020 13,820
?Uog;'r;‘;f}r pLotae Route 231 In North 7767 3,560 4,800 5.420 7.250
?Uog;'rg;‘;f}r At Mill Road in North Yarmouth 73.84 3,430 4,700 5.330 7.190
?Uop‘-'“;'rii‘:ﬁ}r ’z‘ér‘;‘gr;g”ﬂr;fs”m“m upstream 72.76 3,390 4670 5310 7.170
{p‘ggﬂhgr‘gmj At USGS gage No. 010600000 142 6,085 9,060 10,530 14,540
Saco River At Bonnv Eaale Dam 1.560 25.300 37700 43,800 60.600




Table 13: Roughness Coefficients

Flooding Source Channel “n” Overbank “n”
All Stream Channels (At
Westbrook) 0.035 0.080
All Streams Studied (At Gray) 0.045-0.070 0.070 - 0.095
Capisic Brook (At Porland) 0.035-0.080 0.055-0.120
Com Shop Brook (At Bridgton) 0.065 0.050 - 0.075
Crocked River (At Casco) 0.037 -0.071 0.065 - 0.140
Crocked River (Town of
Harrison) 0.032-0078 0.070-0.150
Crocked River (At Maples) 0037 - 0.071 0.085 - 0.150
Crystal Lake Brook (At Harrizon) 0060 - 0.070 0.065 - 0.095
Ditch Brook (At Windham) 0.035-0.055 0.045-0.115
East Branch Capisic Brook (At
Portland) 0.035-0.080 0.055-0.120
Fall Brock (At Portland) 0030 -0.055 0.030 - 0.140
Jackson Brook (At South 0.015 - 0.070 0.050 - 0.120
Portland)
Long Creek (At South Portland) 0.015-0.070 0.050 - 0.120
Masons Brook (At Portland) 0.025-0.040 0.040 - 0.080
Pizcatagua River (At Falmouth) 0.040 - D050 0.065 - 0.080
Presumpscot River (At
Falmouth; At Portland) 0.050 0.085-0.120
Presumpscot River (At Gorham;
At Windham) 0.035-0.080 0.045-0.125
Red Brook (At South Portland) 0.015-0.085 0.040 - 0.100
Royal River (Upsatream) { At Mew
Gloucester) 0.055-0.070 0.070 - 0.100
Royal River (Upstream) (At
North Yarmouth) 0.036 - 0.056 0.060 - 0.170
Royal River (Downstream) (At . - : .
Yarmouth) 0.032 - 0.045 0.080 - 0.150
Saco River (Baldwin) 0040 -0.045 0.080 - 0.100
Saco River (Standish) 0.030 - 0.500 0.035-0.120
saco River Left Channel 0.030 - 0.500 0.035 - 0.120
{Standish)
Songo River (Casco) 0.045 - 0.057 0.080 - 0.110
Songo River (Maples) D.045 - D057 0.070 - 0.110




BASE FLOOD

FLOODING SOURCE FLOODWAY WATER SURFACE ELEVATION
(FEET HAVD 88)
SECTION MEAN
siigﬁjsm DISTANCE' \:ﬂgg? AREA VELOCITY | REGULATORY F["ICI)TOHDO\-E;Y FLO\‘EI;HWAY INCREASE
[SQUARE FEET) (FEET PER SECOMND)
A 0,689 . 2012 36 912 6.1° 6.6 05
B 0,079 . 1510 70 132 132 136 04
c 10,835 . 1103 95 20.1 201 203 02
D 11,785 . 879 120 280 280 281 01
£ 11,986 . 2,087 35 420 420 420 0.0
F 12,714 : 1436 73 420 420 420 0.0
G 13,781 : 1192 88 438 438 441 03
H 14,208 . 693 152 50.9 59.9 509 0.0
! 15,407 . 1532 6.9 75.1 75.1 751 0.0
J 15,618 . 2,326 45 76.4 76.4 76.6 02
K 15,988 . 1,849 57 76.6 76.6 76.8 02
L 17.223 . 2,191 48 776 776 778 02
M 18,258 : 2245 47 78.1 78.1 783 02
N 19,156 . 1,555 6.8 803 50.3 803 0.0
0 20,254 . 2435 43 81.1 811 815 04

' FEET ABOVE CONFLUEMNCE WITH CASCO BAY

* ELEVATION COMPUTED WITHOUT COMSIDERATION OF WAVE EFFECTS, FLEASE

- REFER TO' ASSOCIATED DFIRM PAMEL FOR BASE FLOOD ELEVATIONS

3 ELEVATION COMPUTED WITHOUT BACKWATER EFFECTS FROM CASCO BAY

" FLOODAWAY COINCIDENT WITH CHANNEL BANKS

€2 31avl

FEDERAL EMERGENCY MANAGEMENT AGENCY

CUMBERLAND COUNTY, ME

(ALL JURISDICTIONS)

FLOODWAY DATA

ROYAL RIVER (DOWNSTREAM)
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Table 28: Summary of Contracted Studies Included in this FIS Report (continued)

frmm)

Table 28: Summary of Contracted Studies Included in this FIS Report {continued)

(Downstream)

Mew England
Coastal
Engineers for
FEMA

Work
Flooding FIS Report Completed | Affectad
Source Dated Contractor Mumber Date Communities
Anderson-
Michols &
Company, Inc.,
Piscat CDM/Resource
R!s"'ﬂ aqua 10/16/1984 | Analysis, and H-4771 1980 Falmouth, Town of
fver New England
Coastal
Enginesrs for
FEMA
IAA-H-17-78,
Pleasant River 1/8/1982 USDA NRCS Project Order 1980 Gray, Town of
Mao. 5
Presumpscot | 10/15/1981 | U 5. Geological IAA-H-9-T7, Gorham, Town of;
. Project Order 1479 -
River 9/2/1981 Survey No. T Windham, Town of
IAA-H-7-T6,

Bres scol THT986 MNew England Przc:]e:;ordjr Falmouth, Town of;
TESUMPSCOl 1 4p/161984 Division, 0. 2, 8N 1978 Portland, City of:
River USACE IAA-H-10-77, Westhrook, City of

17211981 Project Order :
Ma. 1
HSFEHQ-09-
D-0370, Task
3, =4 1 o
Quahog Bay 6/20/2024 STARR Order 8 and 2013, 2016 | Harpswell, Town of
Task Order 15
Edward C.
CQluaker Brook 721980 Jordan H-4578 1978 Baldwin, Town of
Company
Anderson-
Michols &
Company, Inc.,
CDM/Resource -
Red Brook BHTMZ81 | Analysis, and H-4771 1ggp | South Portiand,
City of
Mew England
Coastal
Engineers for
FEMA
Anderson-
Michols &
Company, Inc_,
. . CDM/Resource
[yt 1111511984 | Analysis, and H-4771 1980 Yarmouth, Town of

Work
Flooding FIS Report Completed | Affected
Source Dated Contractor MNumber Date Communities
) 41111982 IAAH-17-78 Gray, Town of;
B River 1161982 | USDANRCS | Project Order 1380 New Gloucester,
(Upstream) Mo, S Town of, North
711611981 : Yarmouth, Town of
= -
Saco River sigrgeq | Y-S- Geolegical |y 1y gy 78 1979 | standish, Town of
Survey
Edward C.
Saco River 71211880 Jordan Centract No. 1978 Baldwin, Town of
H-4578
Company
Saco River srig/geq | Y-S Gedlegical |, 4y 4y 75 1979 | Standish, Town of
Left Channel Survey
10/1/1981 1AA-H-17-T8, EESG?ITO{I\W}[OF:
Project Order rye Island, Town
821881 USDA NRCS MNo. 5 of, Naples, Town
5/19/1981 :
Sebago Lake & a 197911980 | O Raymend, Town
5/5/1981 U.S. Geological of, Sebago, Town
41111981 Survey |-‘°‘"5."H'9'77- of, Standish, Town
Project Order of, Windham, Town
31211981 No. 7 of
Interagency
Agreement
Songo River 5/5/1981 USDA NRCS MNo. lAA-H-17- 1979 Casco, Town of
78, Project
Qrder No. 5
14A-H-17-T8,
Songo River 100141981 USDA NRCS Project Order 1979 MNaples, Town of
Mo, 5
Interagency
Agreement
Stevens Brook 5/3/1982 USDA NRCS Mo. lAA-H-17- 1980 Bridgton, Town of
78, Project
Order No. 5
Anderson-
MNichols &
Company, Inc.,
Stroudwater CDM/Resource
2 TM7M1986 Analysis, and H-4771 1979 Partland, City of
River
Mew England
Coastal
Engineers for
FEMA

177

178
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4 ¢ ed s NECESSARY RD. PTS.
= 24 | FoiD 1. 53 6 ALL MH INVERTS
' | DIMENSIONS (ON SNETCHES)
t | TOTAL g:t.r:-lg ::w
2. WIDTH
39, 3ot |-5.03 |w.L. (o F:20 giv 3 WIDTH CF EACH OPEMING
3ot " S S T O 77/ To STReam)
a3 - e - nlvum MATERIAL c:u;ucfnnsﬂcs
3.33 | B+37] b | TOF  Cowt  Sede.uomil I SIDEWALL AND PIERS .
2 BOTTOM OF CHANMEL 7
A3.00|30+27 - 8.2 Ba. DAM
= LT bL I X-SECT. ACROSS SPILLWAY
39, g0 | 30145 —Zo3la)) & /ZO Ak 2. PROFILE THRU DAM
AlderS 3 DIMENSION ANO SKETCHES
1+ 2. T8 Ko ftsS
©.80| 31422 - 3 = n:uu': unw’:“mw
5.3 -/6.5| so' s i ———
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). @ ROYAL RIVER FEMA SURVEY fo

Royal River.pdf X

Y NOTES TOWN: _ Ve piouTil DATE: __ Jure '/r.er] 79 JOBNO: _zoq .
PTY. CH.:_Ag STREAM NAME _ (offl giyer.  STRUCTURE or STREET NAME:
CREW: x pc. 474 LOCATION NO. #2-2 I8 5o FT FROM LOCATION O 2€-1  (U/Ser O/S (circie one )
I { Y‘ Ravited  Field ‘: Description and I True !
1 | wi L] ripti
8s H FS STA | “sta Elev. | Charoctaristics | Eiev SHEET___OF g
| | | | | | :
284 | 34927 ] | catlic e il _14& -1L3 “mpeT. |do.125 %C.KL_M 5
! | Meicuise Jo o vilbinas o o e o AN .
1 N I TBM LOCATION AND ELEV
| 2 WATER SURFACE ELEV.
T _J_ — - - - ; —1 3 PHOTOS
144 |29 8| _jmea | O Bhwie { NATURAL X-SECTION.
| | | ‘ | | VALLEY X-SEC.PTS
45.5| L9+50| =107 | | 1 2 DESCRIPTION OF L o
1 I | I AND OVERBANKS =
( | 1
479 | 7% {122 | - BRIOGE OR CULVERT
{ sLES VATIONS
45.2 | 30t0| l~i0a | & pro iedée LoV irs, INVERT (8)
o Y LA
T | Y R
44.86 | Jot50)| |~lon | :l ALL MM INVERTS
! | _ DIMEMSIONS (ON SHETCHES)
43. 2 30475 |=5.4 |  TOTAL OPENING WIDTH
| 2. WIDTH OF ALL PIERS
l $£3.9|30+87 — 9.0 | DBrm. Gk 3 WIDTH OF EACH unun

4 HEIGTH OF EACH OPENING
| | s TOTAL LENETH (// 7O STREAM)

BRIDGE MATERIAL CHARACTERISTICS
I SIDEWALL AND PIERS
2 BOTTOM OF CHANMEL

OAM.
I X-SECT, ACROSS SPILLWAY

2. PROFILE THRU DAM
| 3. DIMENSION AND SKETCHES

% PLACE REASON OM BACK IF
APPLICABLE BUT NOT OBTAINED.

i S S e




36

% ROYAL RIVER FEMA SURVEY

_‘“-----uuﬁuaﬂ-ﬂﬁ-ﬁ'

Y NOTES TOWN

PTY. CH.:_ A2 o]

Vo por i DATE: _Jutic - z6-7 JOB NO _co4-yf
STREAM NAME g0 \d, [iyce. STRUCTURE or STREET NAME: _,4pniy ST g‘:#“

CMEW: x Dc. T4 LOCATION NO. £-2 IS FT. FROM LOCATION NO. u/’S or O/S ( circle one )
] | | 5 n.....dr Fisld Description and [ Trus SHEET_{ OF 2 -le
s l HI | oA TS | B | Cheroct eristics | Eev - g
[ ] T 1 T [ [ 3 ;
©.26 |27 89| | | | ©3269 2Ll SUgLIE H i
T | o
| |
. | W | sl | eememaL; *
1 1 T I TBM LOCATION AND ELEV.
5L dd - 7 = 2 WATE® SURFACE ELEV.
| S 2Ares | l2z.49 low Bruhe S0 l 3 PHOTOS
1 1 ] 1 .
| 5.8t Zodnd | 2z 08 | o 55_‘,;?.,.:_ S.oet NATURAL %-SECTION:
; ! j | VALLEY X-SEC. PTS.
S.00 = 22.0R| Fotoo BN Gedge 22 £F 2 DESCRIPTION OF CHANMEL =
| i AND OVERBANKS [l
|-22. 2 3et00 | 0.l |wi@ B0 AM BRIDSE OR CULVERT
- I g 3 b goe kX ELEVATIONS
|-zz.4 | 2es00 | —&. 3 | $s gre adoe L U/S INVERT (S)
| - z4.8] zov00 -Z.72 5o’ s 2 D/Ss mv:nTi'sP)
; | ' | 22, &5 on 3 74 3. INVERT 50' OPP. SIDE
o.00 ! t 240 I el 4 HIGHEST LOW CHORD (U/S)
| LeT 5 MECESSARY RD. PTS.
-722.4 | 29469 | = 0.J0 | OTM walLl 6. ALL M.H INVERTS
. B DIMEMSIONS (OM SKETCHES)
| 6,28 |27.5) - | : - 2LLl 1 "FloraL opeming WIOTH
) | | 2 WwiDTH OF ALL PIERS i
02 | 2a4] | | 22.87 | Torf S.w. £wd Heidge. 3 WIDTH OF EACH onmu
| 1 f 4 HEIGTH OF EACH OPE
| ¢ o 2944 | 2{ 85 Tor RcT, widil 5 TOTAL LENGTH unnnnnm
| BRIDGE MATERIAL CHARACTERISTICS [ 7
I SIDEWALL AND PIERS
2 BOTTOM OF CHANMEL .
e.20 | 34+ | 2,70 | TOF Sowr. DAM
2 | X-SECT. ACROSS SPILLWAY
{4 o 2 4 | Tof Ews S.ul 2. PROFILE THRU
s 3 DIMENSION AND SHETCHES
.33 & L T fieT [T o
8 & 19.9¢ £t = # PLACE REASON ON BACK IF
| 0.00 Z2).70 | Tor S.w  Boted 200 APPLICABLE BUT NOT OBTAINED.
=239 |3eti4 — Z.2 | Brm.  EeT. wwatt
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ROYAL RIVER FEMA SURVEY H
(u.s.ARNY)

SURVEY NOTES TOWN: __ YA[ DATE: _Ture -2.c- 75 JOB NO: _zogq-4f ]
PTY.CH: pac¢ STREAM NAME  (oyar 4k STRUCTURE or STREET NAME: /aiu ST [rdse
CREW: < D.C g LOCATION NO. [ £-3 IS FT FROM LOCATION NO. J/S or O/S (circie cne )
1 1 [ I T !
| | | Revised | Field | Dezcription and | True T Z OF &
BS | Hi Fs | S STA | Elev. | Charocteristice Elav SHEET_Z 0 o
1 - + ' ' i t g
. r ' E
s | . L Tof S.w), IO+ dd L L EE CHECKLIST 5

| . ‘| GENERAL L
ToM LOCATION AND ELEY
2. WATER SURFACE ELEV.

\

£ T — oo Y pROTOS
| L 4 & * | NATURAL ¥-SECTION:
[ | I VALLEY X-SEC. PTS
| | s | e e . 2  DESCRIPTION OF CHAMNMEL
, _ 1 AND OVERBANKS
| |
4 ] ! . -— - BRIDGE OR CULVERT
' ' - ' ELEVATIONS
5' 3,90 | 3ol : [ 2D Tor ALCHK |l /5 INVERT (S)
| | | | 2 D/S INVERT (3)
| | - | 3. INVERT 30' OPP SIDE
t 1 = . 3"&5“ Low cnoT:o (u/s) —
| s. CESSARY RD. PTS. vl
13.27 | 2o+ 2 L B.47 i Geen) pecH | 6 ALL MM INVERTS
| |
| | | DIMEMSIONS (OM SHETCHES)
1 ? | TOTAL OPENING WIDTH
| z 49 | R | 2. WIDTH OF ALL PIERS
&.co | 2249 | Tae Sew & LA4eS 4 3 wiDTH OF EACH OPENING
: | { 4  HEIGTH OF EACH ﬂ:!;l:_r o ».E
] | | -
SO RN WE LT 224 | Bedin ARCH € TV SR Re—

| BRIDGE MATEMIAL CHARACTERISTICS
% SIDEWALL AND PERS
2 BOTTOM OF CHAMNEL

DAM

1 ¥-SECT. ACROSS SPILLWAY
2. PROFILE THAU DAM
3 DIMENSION AND SNETCHES

# PLACE REASOM ON BACK IF
APPLICABLE BUT NOT OBTAINED.
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ROYAL RIVER FEMA SURVEY H
(u.s.ARNY)

SURVEY NOTES TOWN: _ YAR piguTH DATE: T uwe If;“?L JOB NO: _204-4/
PTY. CH' As STREAM MAME STRUCTURE or STREET NAME:
CREW: 7T Dc ¢ To LOCATION NO._[ZR-4 IS_ 5o FT FROM LOCATION NO. ££2 -3 @w /s (circle one )
1|[ 1 ] " Revised ] Fiald l Description ond Tru; !
| | | 1] [ ipti
i 'l il | i STA Elav. Charocteristics Elev. SHEET__OF g
1 1 1 e -]
| RlE, =5 =
o.oc | | L1 | losoD on feds 7 |zzeR CHECKLIST z
| | o
i Fi | il | GEMERAL - )
T | I, TBM LOCATION AND ELEV -
ks |Sicers Thkers yae HUclipe | = r:;;;s’u”‘“ ELEV. =
i —ja.¢ | z9¢s | e . 2.5 B, Litrle w,—d-g@{bw Td NATURAL X-SECTION:
. | I VALLEY X-SEC. PTS = 2
__, WL | 2%50 | P | 2. DESCRIPTION OF CHAMNEL =

| AND OVERBANNS

BRIDGE OR CULVEAT
ELEVATIONS

u/S INVERT (S5)

D/S INVERT (5)
INVERT 50' OPP. SIDE
HIGHEST LOW CHORD (U/S) i
MECESSARY RD. PTS.
ALL MM INVERTS

Rock y- g’-—d;.:_
7o | & Fres FiF0 A

| | BrES Ane
|~J8. 2 |Jet725 hosus ) BT LS

o eusunT

IMENSIONS  (OM SHETCHES)

TOTAL OPEMING WIDTH

WIDTH OF ALL PIERS

WIDTH OF EACH OPEMING

HEIGTH OF EACH OPENING p
TOTAL LENGTH (// TO STREAM) o

N T

BRIDGE MATERIAL CHARACTERISTICS
1 SIDEWALL AND PIERS
2 BOTTOM OF CHAMMEL

DAM

I XN-SECT. ACROSS SPILLWAY
2. PROFILE THRU DAM
3 DIMENSION AND SNETCHES

# PLACE REASON OM BACK |F
APPLICABLE BUT NOT OBTAINED




ROYAL RIVER FEMA SURVEY

| e  wm- wm

39

A0M

Q3INIVLED

Kt‘

A

SURVEY NOTES TOWN: Ve pnoury DATE:  runel22/29 JOB NO' _ ot -y
PTY CH' 4 .< STREAM NAME: /' yrc  fiuep STRUCTURE or STREET NAME
CREW: =~ 1 c a LOCATION NO. (7 = I8 ET FROM LOCATION MO u/S or O/S | circle one )
. . I 1
Revised Fiald Description and | True |
F | SHEET F
- i 5 STA STA Elev Charocteristics Elav | -
| i Beoc P G
| 622 |72 | PR , B . SRR L3 | s0.90 | CHECKLIST
GEMERAL
——— e - i — y - + -+ — ¥ S e ———— R - ———
TBM LOCATION AND ELEV
| 42 o= 7 » & | 2 WATER SUURFACE ELEVY
b 1 | T | ] + - + S — 4 — 3 PHOTOS
- | i |22480 /T P 7 iy | waTUmAL x-SECTION
VALLEY X-SEC PTS
{ ¢t B Lo | S e .| 2 DESCMIPTION OF CHANMEL
— 4 + t L ek Auek darEL AND OVERBANKS
TR | B.4C | 30F | B | Cocnreffrp Reas § Moo BRIDGE OR CULVERT
1 ] EVATIONS
i + £ Laotle L L] { e e SS— U/S INVERT (5)
2 0/S INVERT (S)
4 § 3 IMYERT 30' OPP SIDE
—t S e e o e 4 HIGHEST LOW CHORD (U/S)
i i s NECESSARY RD. PTS
P AL fad L % L 6 ALL MH INVERTS
&N 5 | DIMEMSIONS {ON SWETCHES)
—— i i it ST 7is B | TOTAL OPENING WIDTH
i 2. WIDTH OF ALL MERS
- | 10. 90 | Abede | 0.9 3 W!DTH OF EACH OPENING
i 4 HEIGTH OF EACH OPENING
| | s TOTAL LENGTH (//TO STREAM)
| ! 1 | | BRIDGE MATERIAL CHARACTERISTICS
: } ki | | SIDEWALL AND PIERS
1 1 T I 2 BOTTOM OF CHANMEL
S -— bicdolald | -
| | | X-SECT ACROSS SPILLWAY
| SRR TS 2. PROFILE THRU DAM
[ 3 DIMENSION AND SKETCHES
— . t » PLACE MEASON OM BACK IF
APPLICABLE BUT NOT OBTAINED.
el | SRR 4
| 1 1 | ] |




ROYAL RIVER FEMA SURVEY

" e (5 v e L] = em W im E W e e v wes  wel Tl W

SURVEY NOTES TOWN: _ VApg oozl _ DATE: _Tupe -27-74 JOB NO: _z o4 -4f
PTY. CH _.?._, RCoTL STREAM NAME -1 D AT — STMTM or STREEY NAME _z;ﬁ..m.!_._.ﬂ'._..-ﬂniﬂ-l-—-—
CREW: o ... R 7. .18 LOCATION NO [ -, 1S FT FROMLOCATIONNO ___ U/S or o/S (circle one )

Ty ISR % o i i -
Ravised Fiald Dwscription ond | True f = |
HI F TA SHEET_J/ OF 3
8BS s 5 STA Elev “harocteristice Eley — o
TR () SE—. B -+ S — 2 i @
M e wif £19 ekt | ;.'
| Lae | 42.72 | . | | S A 41,40 | CHECKLISY z
i I a
Bl R 4 B B |*
TBM LOCATION AND ELEY L
, Y- ILL] P, ' - z WATER SURFACE ELEV L]
i | = 4, b Fi 4 =X — —
i 1 3 PHOTOS .
L 58 |2fuzs @ | 38,27 | Tof S.a, f ]| MATURAL X-SECTION
e - VALLEY X-SEC. PTS
|| [ 408 {947y 2 LIBL7 L ) 2 OESENSTION BE CHSMIEL =
1 . AMD OVERBANKS I
4 20 29472 LB op
1 peEETEE ey BRIDGE OR CULVERT
| R ELEVATIONS
18 +82 35
1 418 | 79+82) ______.'...,_\L-L*r'__,.— . N SS— U/& INVERT (5]
| | | 2 0/5 INVERT (5]
i 434 | IMo0 ZR.38 |Tor S.walLje | 3 INVERT 80' OPP. SIDE
e t e e s e AN e 4 HIGHEST LOW CHORD (L/S)
P P T s NECESSARY RD. PTS.
} 4 B | Yeszd L3R 24 | ' 6 ALL MH INVERTS L
| | 4.5¢ | 20148 | 2.]6 | DIMENSIONS (ON SMETCHES)
T T 1 R I TOTAL OPENING WIDTH
i | i =i _ 2 WIOTH OF ALL PIERS
| 4.¢n | 304373 | | 38.12 | I 3 WIDTH OF EACH on!rmu:
T . ! I | 4  HEIGTH OF EACH OPE
| | 4.c5 | 30485 38,07 | | 5 TOTAL LENGTH m'w STaEAM) :
; | v e | BRIDGE MATERIAL CHARACTERISTICS ]
| 480 | 24408 | | 2792 | of s J-Ee i SIDEWALL AND PIERS [k A |
[ | 2 BOTTOM OF CHANMEL L |
| | 3-92 | Tor Baw |
I | 7.00 | 3{+10 Z32 | Tor GBane DAM ¥ |
| S o eh | @ df | %-SECT ACROSS SPILLWAY
| 24.2 | Jeteo | [B.52] to 1S 2. PROFILE THRU DAM .
i 5 3. DIMENSION AMD SKETCHES L |
L% [ 21,40 | Above &), 40 -
% PLACE REASON ON BACK IF
APPLICABLE BUT NOT OSTAINED.
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SURVEY NOTES

TOWN:

YA Epgu

rH DATE:

. ey ey

Turie {fzﬁf??

JOB NO: :21-1’

£

Q3NIVLBO

N

PTY. CH.: 4= STREAM NAME: Peyvn.  Riders STRUCTURE or STREET NAME: Cpgdin- AT ek
CREW: 7T ¢ dre LOCATION NO. £7-/8 IS FT. FROM LOCATION NO. u/s or O/S (circle one )
[ i Ravised | Fisld Description and True
, i T_J OF Z
8s i | oS STA | STA Eov Charact eristics Elev. SHEET L OF =
4 |
[ T T -
442 19049 GO | j03n5 Cfeudat gohs | B6.52) o
1 | | :
| | | il sl | i GENERAL -
| I | [ | | TBM LOCATION AND ELEV
| - | L o 2. WATER SURFACE ELEV.
i _%...'F.'—‘—f ._+. i N R o 3 PHOTOS
| 4.9 19440 | Fe6.08 | NATURAL X=SECTION:
| '_ | VALL £Y X-SEC. PTS
487 | 29160 gé.iz | 2 DESCRIPTION OF CHANNEL
| AND OVERBANKS
4.3¢ [2%+00 | g6.22 BRIDGE OR CULVERT
- ; ; 0t i ELEVATIONS
441 | 30100 £6.36 | E R&, UChe = d9C | U/S INVERT (S)
2 0/5 IMVERT 1s) e
| a. 3o | 3. INVERT 30' OPP. SI
. 4.57 JoiE0 + .4t 4, HIGHEST LOW CHORD (U/S)
3 E | [z 5 NECESSARY RD. PTS.
457 ety | B5.47 6. ALL MH. INVERTS
Aag |3 p w7 | Sid pridee - B375 DIMENSIONS [OM SKETCHES)
AL | BohG0 .57 L 172 L TOTAL OPENING WIDTH
| o 2. WIDTH OF ALL PIERS
| Feres| | Eax}  DRwige 3. WIDTH OF EACH OPENING
1 ' i T 4 HEIGTH OF EACH OPENING
| | s TOTAL LENGTH (// TO STREAM)
i | - BRIDGE MATERIAL CHARACTERISTICS
ji.00 | 3ove0 67.93 | wi I SIDEWALL AND PIERS
. : il ¥ 2 BOTTOM OF CHANNEL
15 4 | 30100 0.6 | €8 ST - Eocky oha
| I X-SECT. ACROSS SPILLWAY
7T | 320 63.3 2. PROFILE THAU DAM
e 3 DIMENSION AND SKETCHES
Zhade (30N £3.3 # PLACE REASON ON BACK IF
ICABL OBTAINED.
e 10482 2.2 e AP2) E BUT NOT
G el T
0.8 | 30445 70. 7 AT L
8.2 3037 §5:77 Tor  HemdwALL

41



42

- L3 ‘H - - ¥ - 3 - L3 - - - - - L] - - . ~ e | "
SURVEY NOTES TOWN:  YaemouTH DATE:  Tuwe [2piu2 JOB NO: _z 04-¢/ 1
PTY. CH.: Hs STREAM NAME  /ore o e ST.UCTl* or STREET NAME: wa df M T /g :
CREW: - pe LTk LOCATION NO. 2 ¢ -/8 IS __FT. FROM LOCATION NO. U/S or O/S ( circio one )

T 1 I’
| Revised Fieid Description and | True 1= F
At Sl il Raecl B N S Characteristics | Elev. SHEETZ_OF = g g
T T T =
| | | »
o s O . Feae— L T CHECKLIST z
6.8 | 2144 FERl | TP st ]
[{9.3 |zTtac | 27 |Brw mondeosge L GENERAL : »
i [ | TBM LOCATION AND ELEV.
| | Al 2. WATER SURFACE ELEV.
| | \z94ds | | L.l k —— 3 pHoOTOS
|23.8 |29+50] 7 | 2 ¢__ NATURAL X-SECTION:
< | I VALLEY X=-SEC. PTS
214 HLO | 59 9§ e 2 DESCRIPTIOM OF CHAMMEL
T AND OVERBANKS
35. +E0 5 |
Sl LESS I8l BRIDGE OR CULVERT
Zo+0 | ELEVATIONS
et 9 | I UFS INVERT (S)
| | 2 D/S INVERT (5)
| | 3. INVERT 30' OPP. SIDE
| § EEssienom
s c 3
4.43 ' g6 St € ALL MH INVERTS
DIMENSIONS (ON SHETCHES)
i TOTAL OPENING WIDTH
2. WIDTH OF ALL PIERS
3 WIDTH OF EACH OPENING
4 HEIGTH OF EACH OPENING
s TOTAL LEMGTH (// TO STREAM) "
[ BRIDGE MATERIAL CHAMACTERISTICS
2B I SIDEWALL AND PIERS
2 BOTTOM OF CHAMMEL
DAM
| X-SECT. ACROSS SPILLWAY
2. PROFILE THRU DAM
1 DIMENSION AND SKETCHES
# PLACE REASON ON BACK IF
APPLICABLE BUT NOT OBTAINED
]
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B . - 1 . i gy ey P 1 Y Y
SURVEY NOTES TOWN: _Yne nourif DATE: __Tyve/28/z9 JOB NO: _Zod-/
PTY. CH' AS STREAM NAME: ()AL Fiver, STRUCTURE or STREET NAME:

CREW: 7 D¢ 4 74 LOCATION NO. ['p 42 IS 50O FT. FROM LOCATION NO. Q- /& ;’uj_@or 0/§ ( circie one )
T T T T T T : !
| Revised  Fiaid | Description and | Trus SHEET OF
8s | 1l e | ¥ STA | Elev Charocteristics | Elev i i i =0 g
+ . + + + t 1 -
| | | ca aa H
o,nO% T S NG SO SRR O MRS 16393 | EHESRLINT :
.. | | GEMERAL *
i i 4 - | - — . VR——— S o
| | J | | | TBM LOCATION AND ELEV [
| | 2 WATER SURFACE ELEV e
1 i —_— } S— 3 PHOTOS
| . Aldens-
29+-40| wek. ey 1 ] sATURAL RESHON
| VALLEY X-SEC PTS L=
- 4.3 | 2g4dr| &%.6 | el 2 DESCRIPTIOM OF CHANMEL =4
| [ [ AND OVERBANKS [
~o4 | 295D 245 t BRIDGE OR CULVERT
| ELEVATIONS
-[0d | 28195 51-@ b | U/S INVERT (S)
| ' i o o ’ 3 T 50" ok si0s
= | { s 1. INVER X1
9.4 |3e+00 | 0,5 | & BT Locky t 4 HIGHEST LOW CHORD (U/S)
| | | 5 MNECESSARY RD PTS
=g ¥ |Zarzs 6l | | 6. ALL MH INVERTS
| |
- 30+50 ezt DIMEMNSIONS (OM SKETCHES)
7 3 ol | ! I TOTAL OPENING WIDTH
- | I 2. WIDTH OF ALL PIERS
| = B | 30hs5 pd.3 | I 3 WIDTH OF EACH OPEMING
I | 4 RESTh OF EACH OPENING
Jot el bl b | 5. TOTAL LENGTH (// TO STREAM)
BRIDGE MATERIAL CHARACTERISTICS
I SIDEWALL AND PIERS
2 BOTTOM OF CHANNEL
oM
| | X-SECT. ACROSS SPILLWAY
i ! 2. PROFILE THRU DAM
| | 1 DIMENSION AND SKETCHES
|
# PLACE REASON ONW BACK IF
APPLICABLE BUT NOT OBTAINED.
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' oo S S e e e ] T Y En s
; /
Y NOTES  Town ) aiguin - DATE: _Tuty/ /79 JOBNO 204-4
PTY. CH' _AS _ STREAM NAME " ~yi[  jiiueg STRUCTURE or STREET NAME
CREW: < Do p L LOCATION NO. Zg-201S__ FT FROMLOCATION MO UrS or 0/8 [ circle one )
e o i ; T I
Revised Fiald | Description and | True |
T T F
- - P | OTA 1SN | O Charact eristics | Elev SHEET _OF g !
(TR T — — I . | | @
>
o J. CHECKLIST z
kg0 oy | i | e boLi ol L o1 ]
} | | 29441 | B S (. -0 |7 DUNRCNS—— . LT . bd
| | TBM LOCATION AND ELEV =
- ¥ lute ' ! 2 WATER SURFACE ELEV.
AT S ol 1% - A A Ao flead L SEEPPISRSRCEES, TRSLECH B |
- .
[ [ 8.5 |20 -7 3 DR SR T T
. PR i I VALLEY X-SEC PTS =
=16, ] |ZPras | | 3.8 Ee J 2 DESCRIPTION OF CHAMMEL P =
i AND OVERBANKS
= | = - g2.7 |
e t S & e BRIDSE OR CULVERT
. | Fosae = ELEVATIONS
| In'?.ﬁ L1780 LRl L L U/S INVERT (S)
| L 4 LY s | 2 D/S INVERT (S)
blacs |Foten | 57 .4 ¢ gl 3 INVERT 30 OPP SIDE
4 . o ? 4 HIGHEST LOW CHORD (U/%)
! PR | - % MECESSARY RD. PTS.
I =16.8 | | S24 | i 6 ALL MH INVERTS
| b~/ -4l 3eazr 4.2 | | DIMENSIONS (ON SHETCHES)
t p t ! + + I TOTAL OPENING WIDTH
B | 2. WIOTH OF ALL MERS
! 1 | 25 i | Tk . | WIDTH OF EACH OPENING
1 4 HEIGTH OF EACH OPENING
{ [ -5 | Zotan] | ¢z.5 | 3 TOTAL LENGTH (// TO STREAM)
T T T T
; : ‘ AR BRIGE MATERIAL CHARACTERISTICS
| |- 3.5 | 2otgl | be | I SIDEWALL AND PIERS
1 | 2 BOT (OM OF CHANMEL
| | zosgl | ; i
| X-SECT. ACROSS SPILLWAY
! . 2. PROFILE THRU DAM :
11 ; 3 DIMENSION AND SNETCHES 2
;| % PLACE MEASOM ON BACK IF
1 APPLICABLE BUT NOT OBTAINED.
1
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r—- . ll" - - - - i . . - ". - H -
SURVEY NOTES TOWN: Vi iinumic DATE: ---.‘M;‘ 1279 JOB NO: _ 2 od -4
PTY. CH.' /o STREAM NAME (A Aiveld STRUCTURE or STREET NAME:
CREW: TC Ty 4 T LOCATION NO [C/0- 2/ 18 FT. FROM LOCATION NO. U/s or D/S ( circle one )
T T T
| Revised  Fiald Description and | True SHEET OF
8s o Fs STA STA Elav Charocteristics | Eiav ——r g §
A 4 I e
1 =
o
e ) i Lf.83 CHECKLIST z
_— ———— 4 " - _!____'__..__.— - = e 4 = S g
28] 0 | 0000 | Fda wares A SENERAL: e
1 7 [ | TBM LOCATION AND ELEV
= £ » |29 Gr.7 | 2 WATER SURFACE ELEV. =
'JI 4 ; o A 1N - - L 3 PHOTOS
1= 8o oDy L eLHEB | = o] MNATURAL %-SECTION:
| - ' [ || VALLEY X-SEC. PTS, =
| = /5.0 ]| 21420 | T4.3 | 2 DESCRIPTION OF CHANMNMEL =
[ ! I | | AND OVERBAMKS L
{ TS| 2GHED | 53.4 i BRIDSE OR CULVERT
. | o : e | ELEVATIONS
. (6.4 | M +a0 | L3R | e ! UFS INVERT (S)
_ . , Sply BT 2. D/S INVERT (S)
] L&, L 5% 3 'l < I AL | 3. INVERT 30 OPP SIDE
+ = E + 1 t 1 4. HIGHEST LOW (HORD (U/S)
| = 4 == | | 5. MECESSARY RD. PTS.
| [0 |z { L 229 | I 6. ALL MH INVERTS
| »
[ & Bl | | 52.2 | | DIMENSIONS (ON SKETCHES) b
. . t + T | TOTAL OPENING WIDTH
| = | = | 2. WIOTH OF ALL PIERS
| |=is.1 0 | 748 | 3. WIDTH OF EACH OPENING
1 1 | 4 HEIGTH OF EACH OPENING
l {hg . ¢3.2 | 3. TOTAL LENGTH (// TO STREAM)
i by = 1 4 =
[ ' | | BRIDGE MATERIAL CHARACTERISTICS
| |=a.2 | piis] e& . I SIDEWALL AND PIERS
T | 2 BOTTOM OF CHAMNEL
| e 4 . DAM
| I X-SECT. ACROSS SPILLWAY
2. PROFILE THAU DAM
3 DIMENSION AND SKETCHES
1 1 % PLACE REASON ON BACK IF
| | APPLICABLE BUT NOT OBTAINED.
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Y NOTES TOWN:  Vinpioury DATE: _ Twe/2B/72 JOB NO: __ zo4-#
PTY. CH'_ fs _ STREAM NAME: fovaL  AiJef STRUCTURE or STREET NAME: /s e Ceprenl RL 4'5*
CREW: X [« ¢ Tk, LOCATION NO, K- 22 |8 FT. FROM LOCATION NO. U/S or D/ L circle one )
? —_
v . R s [ -
Revised = Fiaid Description and | True SHEET OF
8s Hi FS STA STA Elev Charoctaristics | Elav. - TR o 2
i | 8 i :. - = !
o} ' e | a1 m CHECKLIST z
Rl | | | se eele - L4W oHecKLIST 1k
o
| | o | [ (PRCRRMIEEY (oS o LT Sl el st e ¥
| TBM LOCATION AND ELEV. [
| | 2. WATER SURFACE ELEV. e
4 4 + . —t—  EE = 3 PHOTOS P
| |
| | | | | U e s { NATURAL X-SECTION:
[ | : | i, VWALLEY X-SEC. PTS. ’
| 406 |zeesy| | 9d.7() cTe £wd oF gAdje ! 2  DESCRIPTION OF CHANNEL [
I I I [ [ AND OVERBANKS [
|5 | & FKEqesces & Brd
_ | [ lzqepol . | 93.86 | rescks & Bripe | BRIDGE OR CULVERT
| | & e o e | ELEVATIONS
| |2 o | dowee i 139) | = u€ E e Ot | U/S INVERT (8)
| , 5 . | 2 D/S INVERT (5)
| | 3,85 ot 28 q3.92 | £ Bedye. | 3 INVERT 50’ OPP SIDE
4 1 t 1 - f 4 MGaeE 106 cnqr:n (u/s)
| | e & . - MECESSARY RD. PTS.
| [ 4.0 |zorgl | 93.72¢ | £ cwl Sedge l € ALL MH INVERTS
1 | 1
| | 27 80 | 0t00 £9.97 | w.! DIMENSIONS (ON SMETCHES)
4 i T - T I TOTAL OPEMING WIDTH
[ 5 i | ! ol 2. WIDTH OF ALL PIERS
f | |34.¢ | 2ot00 | | 18| Bider BT Locry | 3 WIDTH OF EACH OPENING
| [ 4 HEIGTH OF EACH OPENING
| laea | 30400 | ine | | % TOTAL LENGTH (// TO STREAM)
= — . -
| ' | | BRIDGE MATERIAL CHARACTERISTICS [ i”]
| | ZE D Ao 20 | | 6797 | ] I SIDEWALL AND PIERS [
1 T 1| o RpgaTE BLock S 2 BOTTOM OF CHANNEL [
| | = | 30t27 | | 70, PN £oq Syptee’ s ALl DAM
! l i e I p | X-SECT. ACROSS SPILLWAY
320 +20 | €o.6 | Erpts 2. PROFILE THRU DAM
[ 3. DIMENSION AND SKETCHES [
33.2 |21+ 4. Brads
22:4 = 4. £ i 5 % PLACE REASON ON BACK IF
23 O | W3 L4 B | Prn gagnire CuppT wht APPLICABLE BUT NOT OBTAINED.
| BanLs = puices
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SURVEY NOTES TOWN: __ 4 mour H _ DATE: _Juvre [z8/79 JOB NO: _zo04-4 .
PTY. GH.: _AS STREAM NAME oyl giwer- STRUCTURE or STREET MAME:

CREW: 77 e b T LOCATION NO. (/[ -2z 18__To FT FROM LOCATIONNO. £ ¢- z= (U/®or D/S (circle one )

T T T |
| | |
| Revised  Finld Description and | True
| M
- e e L1 S5TA Elev Charoctaeristics | Elev. SHEET___OF ] !
i i @
>
L.n7l a7.94 3 | ¥ _lBm i Ciia =7 CHECKLIST z
o
| | GENERAL -
o | W ST NIRYREN (FCRULMI S Sy g e LB e -
| edy BAse - | i TBM LOCATION AND ELEV. e
| | 29445 A "Bt deg s 2. WATER SURFACE ELEV. L
- + i + f. L 8BS, 4 - I SE———— I 3 ’NOTQS
56 e g S R . S RN R MATURAL X-SECTION :
- | ) | VALLEY X-SEC. PTS L~
23, 8] 3+ 30| £7.9 * | 2 DESCRIPTION OF CHAMNEL
! . AND OVERBANKS 4
$0.2429¢¢0 F15 - = BRIDGE OR CULVERT
lissi = | ELEVATIONS
34.2 |249+89| £3.5 | L U/S INVERT (S)
. i [ | 2 Da’s‘luvggTol-s,) i
3% 94 | & | 3. INVERT 30' OPP. SID
1 | fo ’| kre | e 4 WGHEST LOW CHORD (u/S)
| | | ; D 5. SSARY RD. PTS.
35-@% 3e+00 ez | ‘tz oy ia - Tl € ALL MH INVERTS
3.8 | 30420 | £5.9 i DIMEMSIONS (ON SHETCHES)
+ | I TOTAL OPENING WIDTH
| | 2. WIOTH OF ALL PIERS
?272.2.| lotdo 8.5 | i 3 WIDTH OF EACH OPENING
| | 4 HEIGTH OF EACH OPENING
| 78.01 %150 (a7 s TOTAL LENGTH (// TO STREAM)
| L S BRIDGE MATERIAL CHARACTERISTICS
£7.9 [ 20450 £9. & I SIDEWALL AND PIERS
I { 2 BOTTOM OF CHANMEL
. | wi L. é::ig P
l X-SECT. ACNOSS SPILLWAY
2. PROFILE THRU DAM
3. DIMENSION AND SKETCHES
# PLACE REASON ON BACK IF
APPLICABLE BUT NOT OBTAINED.

PR



48

T —— i ""l
. [ ;
SURVEY NOTES TOWN: _ YAR MouTyd : DATE: _TuLy/ AZ3 JOBNO: zpd-
PTY. CH: Ac STREAM NAME: PoVvAl  2fuci STRUCT'(IE or STREET NAME:
CREW: 7. Doc . dynt . LOCATION NO. 2/ -24-18 FT. FROM LOCATION NO. __ U/S or 0/S ( circle one )
T
| i ! 1‘ T -
| Revised | Field | Description and rue F
BS 1 Hi Fs STA STA Elev. i Charoctaeristics Elev. SHEET___O g
! | . =
BaArres= Aldeag » g
B.c0. LS | w.t & £G.97 CHECKLIST E !
2 o T 43 1 | hitl GEMERAL : L ]
| TBM LOCATION AND ELEV. =
E.o |l=v.n] 48 2 WATER SURFACE F' EV. e
2 f 8 : 3. PHOTOS
I Z | eren L . ] NATURAL X-SECTION:
, [ | I, VALLEY X-SEC. PTS. [
1 e | S&t | 2. DESCRIPTION OF CHANMEL —
r AND OVERBANKS : o
14,2 {294:40 557 prrm ey BRIDGE_OR CULVERT
o] = d = ELEVATIONS
16,3 DL 2.2 ‘?.- LB 127 M \ UFS INVERT (5)
{ 2 D/ INVERT (5)
pe 1 |mais 53.9 3. INVERT 30' OPP. SIDE
} : 4. HIGHEST LOW CHORD (U/S)
. 2 i 5. MECESSARY RD. PTS.
{4, one) 6.0 6. ALL M.H. INVERTS
2| 2ads- el DIMENSIONS (ON SKETCHES)
/A = S€8 i TOTAL OPEMING WIDTH
5 2.  WIDTH OF ALL MIERS
&) |30tds e39 3. WIDTH OF EACH OPENING
4 HEIGTH OF EACH OPENING
20t Gl i) gt s TOTAL LENGTH (// TO STREAM)
ud| f BRIDGE MATERIAL CHARACTERISTICS
| | SIDEWALL AND PIERS
| 2. BOTTOM OF CHANNEL
- . DAM
| X%-SECT. ACROSS SPILLWAY
2. PROFILE THRU DAM
3. DIMENSION AND SKETCHES
% PLACE REASON ON BACK IF
APPLICABLE BUT NOT OBTAINED.



Attachment B

Select As-Built Plans and Terrain Model Topographic Workmaps

Royal River, Yarmouth ME Detailed Project Report &
206 Aquatic Ecosystem Restoration Environmental Assessment
Restoration Study
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MAINE PUBLIC BRIDGE STRUCTURES IN THE MUNICIPALITY OF Yarmouth

IDENTIFICATION

Town

Bridge Name

Bridge Number

Feature On

Feature Under

Bridge Road Width (Feet)

CLASSIFICATION

Owner
Maximum Span Length (Feet)

AGE AND CONDITION
Deck Condition
Superstructure Condition
Substructure Condition

Year Built

Yarmouth

1 295 NB / ROYAL RIVER
5834

1 295 NORTHBOUND
Royal River

30

MaineDOT
80

6 - Satisfactory Condition (minor
deterioration)

6 - Satisfactory Condition (minor
deterioration)

6 - Satisfactory Condition (minor
deterioration)

1959

INSPECTION AND APPRAISAL

Date of Inspection

121219

STRUCTURE TYPE AND MATERIAL

Span Material
Number of Main Spans

LOAD RATING AND POSTING

Posting Status

POSTING TYPE
4-Axle
One-Truck
Spacing

Steel continuous
3

Open

Produced by MaineDOT Bridge Maintenance

October 1, 2021

Town2

Location

Route Number
Bridge Region
Border Bridge

Bridge or Minor Span

Maintainer
Federal Bridge Indicator

Culvert Condition
Channel Condition
Approach Condition

Annual Average Daily Traffic

Federal Sufficiency Rating

Link to Map Viewer

No Town2

1.2 MIN US1
0295X

1 - Southemn Region

Bridge on State Highway

MaineDOT
Y

N - Not Applicable
4 - Protect. severely undermined. sev. damage
8 - Equal to present desirable criteria

20370

70.8

Span Type Stringer/Multi-beam or Girder

Posted Weight (Tons)

340f39



MAINE PUBLIC BRIDGE STRUCTURES IN THE MUNICIPALITY OF Yarmouth

IDENTIFICATION

Town

Bridge Name

Bridge Number

Feature On

Feature Under

Bridge Road Width (Feet)

CLASSIFICATION

Owner
Maximum Span Length (Feet)

AGE AND CONDITION
Deck Condition

Superstructure Condition
Substructure Condition

Year Built

Yarmouth

1295 SB / ROYAL RIVER
1508

1 295 SOUTHBOUND
ROYAL RIVER

30

MaineDOT
80

6 - Satisfactory Condition (minor
deterioration)

7 - Good Condition (some minor problems)
6 - Satisfactory Condition (minor
deterioration)

1959

INSPECTION AND APPRAISAL

Date of Inspection

12112119

Town2

Location

Route Number
Bridge Region
Border Bridge

Bridge or Minor Span

Maintainer
Federal Bridge Indicator

Culvert Condition

Channel Condition
Approach Condition

Annual Average Daily Traffic

Federal Sufficiency Rating

Link to Map Viewer

No Town2
1T2MINUS 1
02955

1 - Southemn Region

Bridge on State Highway

MaineDOT
Y

N - Not Applicable

5 - Bank eroded.. major damage
8 - Equal to present desirable criteria

21730

74.8

STRUCTURE TYPE AND MATERIAL

Span Material Steel continuous
Number of Main Spans 3

Span Type Stringer/Multi-beam or Girder

LOAD RATING AND POSTING

Posting Status  Open

POSTING TYPE
4-Axle
One-Truck
Spacing

Posted Weight (Tons)

7 of 39

Produced by MaineDOT Bridge Maintenance
Oetober 1, 2021
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MAINE PUBLIC BRIDGE STRUCTURES IN THE MUNICIPALITY OF Yarmouth

IDENTIFICATION

Town

Bridge Name

Bridge Number

Feature On

Feature Under

Bridge Road Width (Feet)

CLASSIFICATION

Owner
Maximum Span Length (Feet)

AGE AND CONDITION
Deck Condition
Superstructure Condition
Substructure Condition

Year Built

Yarmouth
FALLS

2272

ROUTE 88
ROYAL RIVER
32

MaineDOT
75

4 - Poor Condition (advanced deterioration)
4 - Poor Condition (advanced deterioration)
6 - Satisfactory Condition (minor
deterioration)

1930

INSPECTION AND APPRAISAL

Date of Inspection

10/07/20

STRUCTURE TYPE AND MATERIAL

Span Material
Number of Main Spans

LOAD RATING AND POSTING

Posting Status

POSTING TYPE
4-Axle
One-Truck
Spacing

Concrete
.1

Open

Produced by MaineDOT Bridge Maintenance

Oetober 1, 2021

Town2 No Town2
Location

Route Number
Bridge Region
Border Bridge

Bridge or Minor Span

0088X

Maintainer MaineDOT
Federal Bridge Indicator Y

Culvert Condition
Channel Condition
Approach Condition

Annual Average Daily Traffic 4867

Federal Sufficiency Rating 63.9

Span Type Arch - Deck

Posted Weight (Tons)

Link to Map Viewer

0.1 MIEJCTRTE 115
1 - Southemn Region

Bridge on State Highway

N - Nat Applicable
3 - Protection failure
8 - Equal to present desirable criteria
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MAINE PUBLIC BRIDGE STRUCTURES IN THE MUNICIPALITY OF Yarmouth

IDENTIFICATION

Town
Bridge Name

Bridge Number

Feature On

Feature Under

Bridge Road Width (Feet)
CLASSIFICATION

Owner

Maximum Span Length (Feet)
AGE AND CONDITION

Deck Condition

Superstructure Condition

Substructure Condition
Year Built

Yarmouth
COTTON MILL
3983

BRIDGE STREET
ROYAL RIVER
22

MaineDOT
589

8 - Very Good Condition (no problems

noted)
6 - Satisfactory Condition (minor
deterioration)

5 - Fair Condition (minor section loss)

1948

INSPECTION AND APPRAISAL

Date of Inspection

05726121

STRUCTURE TYPE AND MATERIAL

Span Material
Number of Main Spans

LOAD RATING AND POSTING

Posting Status

POSTING TYPE
4-Axle
One-Truck
Spacing

Steel
3

Open

Produced by MaineDOT Bridge Maintenance

Oetober 1, 2021

Town2

Location

Route Number
Bridge Region
Border Bridge

Bridge or Minor Span

Maintainer
Federal Bridge Indicator

Culvert Condition
Channel Condition

Approach Condition
Annual Average Daily Traffic

Federal Sufficiency Rating

Link to Map Viewer

No Town2

0.2 MI NE JCT RTE 115
05Y0006

1 - Southemn Region

Bridge on Townway or State Aid Road

MaineDOT
Y

N - Not Applicable
7 - Bank protection needs minor repairs

8 - Equal to present desirable criteria
711

62

Span Type Stringer/Multi-beam or Girder

Posted Weight (Tons)

17 of 39
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MAINE PUBLIC BRIDGE STRUCTURES IN THE MUNICIPALITY OF Yarmouth

IDENTIFICATION

Town

Bridge Name

Bridge Number

Feature On

Feature Under

Bridge Road Width (Feet)

CLASSIFICATION

Owner
Maximum Span Length (Feet)

AGE AND CONDITION
Deck Condition

Superstructure Condition
Substructure Condition

Year Built

Yarmouth
ROYAL RIVER
3800

us1

ROYAL RIVER
58

MaineDOT
83

8 - Very Good Condition (no problems
noted)

7 - Good Condition (some minor problems)
6 - Satisfactory Condition (minor
deterioration)

1948

INSPECTION AND APPRAISAL

Date of Inspection 03/19/21

STRUCTURE TYPE AND MATERIAL

Span Material Steel
Number of Main Spans 3

LOAD RATING AND POSTING

Posting Status  Open

POSTING TYPE
4-Axle
One-Truck
Spacing

Produced by MaineDOT Bridge Maintenance
Oetober 1, 2021

Town2

Location

Route Number
Bridge Region
Border Bridge

Bridge or Minor Span

Maintainer
Federal Bridge Indicator

Culvert Condition

Channel Condition
Approach Condition

Annual Average Daily Traffic

Federal Sufficiency Rating

Link to Map Viewer

No Town2
TMISI95

0001X

1 - Southemn Region

Bridge on State Highway

MaineDOT
Y

N - Not Applicable

7 - Bank protection needs minor repairs
7 - Better than present minimum criteria

5640

98

Span Type Stringer/Multi-beam or Girder

Posted Weight (Tons)

15 of 39
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MAINE PUBLIC BRIDGE STRUCTURES IN THE MUNICIPALITY OF Yarmouth

IDENTIFICATION

Town

Bridge Name

Bridge Number

Feature On

Feature Under

Bridge Road Width (Feet)

CLASSIFICATION

Owner
Maximum Span Length (Feet)

AGE AND CONDITION
Deck Condition
Superstructure Condition

Substructure Condition
Year Built

Yarmouth

NORTH ELM

5444

NORTH (E) ELM ST
ROYAL RIVER

26

MaineDOT
100

8 - Very Good Condition (no problems
noted)

8 - Very Good Condition (no problems
noted)

7 - Good Condition (some minor problems)
2014

INSPECTION AND APPRAISAL

Town2

Location

Route Number
Bridge Region
Border Bridge

Bridge or Minor Span

Maintainer
Federal Bridge Indicator

Culvert Condition
Channel Condition

Approach Condition
Annual Average Daily Traffic

Link to Map Viewer

No Town2

S MINLY OF ROUTE 115
05Y0016

1 - Southemn Region

Bridge on Townway or State Aid Road

MaineDOT
Y

N - Not Applicable
8 - Banks are protected

8 - Equal to present desirable criteria
2613

Date of Inspection 07/06/20 Federal Sufficiency Rating 81.3

STRUCTURE TYPE AND MATERIAL

Span Material Prestressed concrete
Number of Main Spans 1

Span Type Box Beam or Girders - Single or Spread

LOAD RATING AND POSTING

Posting Status  Open

POSTING TYPE
4-Axle
One-Truck
Spacing

Posted Weight (Tons)

24 0f 39

Produced by MaineDOT Bridge Maintenance
Oetober 1, 2021



MAINE PUBLIC BRIDGE STRUCTURES IN THE MUNICIPALITY OF Yarmouth

IDENTIFICATION

Town

Bridge Name

Bridge Number

Feature On

Feature Under

Bridge Road Width (Feet)

CLASSIFICATION

Owner
Maximum Span Length (Feet)

AGE AND CONDITION
Deck Condition
Superstructure Condition
Substructure Condition

Year Built

Yarmouth

HODSON

0338

EAST ELM STREET
ROYAL RY. AUX. CHNL.
23

Municipality
14

6 - Satisfactory Condition (minor
deterioration)

6 - Satisfactory Condition (minor
deterioration)

6 - Satisfactory Condition (minor
deterioration)

1930

INSPECTION AND APPRAISAL

Date of Inspection

10/10/19

STRUCTURE TYPE AND MATERIAL

Span Material
Number of Main Spans

LOAD RATING AND POSTING

Posting Status

POSTING TYPE
4-Axle
One-Truck
Spacing

Concrete
.1

Open

Produced by MaineDOT Bridge Maintenance

October 1, 2021

Town2 No Town2

Location 0.3 MINERT 115

Route Number 05Y0016

Bridge Region 1 - Southern Region

Border Bridge

Bridge or Minor Span  Minor Span on Town Way

Maintainer Municipality
Federal Bridge Indicator

Culvert Condition N - Not Applicable

Channel Condition 8 - Banks are protected

Link to Map Viewer

Approach Condition 6 - Equal to present minimum criteria

Annual Average Daily Traffic 2896

Federal Sufficiency Rating 658

Span Type Slab

Posted Weight (Tons)

3of39
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GRAND TRUNK RAILROAD BRIDGE — NO AS-BUILTS - STANTEC
| 2013 HEC-RAS st

2 - RR_ WithDams -
Help @

River: [ROYAL RIVER FEB2 =] ﬂ

Reach: [site 2 | river sta.: [6010 =] 3([1]

Desaription |RR Bridge Above East Elm Str.

Bounding XS's: 6062.35 5869.48 |Distance between: 192.87 (ft)

File View Options

nESﬁﬁég RS=6010 Upstream (Bridge)
100 Legend
’:+
Pier ~_und
l Deck/Roadway Data Editor B
Sloping o0 - :sta
Sutmers width Weir Coef
k5. 35. 26
Bridge
Madeling
Approsch| - 80 Clear | Del Row | Ins Row | Copy US to DS
Culvert g Upstream Downstream
uij Station | high chord [ low chord | Station [ high chord [ low chord
Puliple o 1|0 85 50 0 85 50
Opering —
Analysis 2|300 85 50 430 85 50
HTab 3| 300 85 80 480 85 80
Paratn &0 4| 420 85 80 600 85 80
= 5|420 85 50 600 85 50
curves 51000 |85 50 1000 85 50
7
Bridge 50 A ¥
Design 0 200 400 600 800
U.5 Embankment 55 0 D.5 Embankment 55 0
RS=6010 Downstream (Bridge) B
100 Weir Data
Max Submergence: 0.98 Min Weir Flow El:
Weir Crest Shape
% (+ Broad Crested
L\\:ﬁ Ogee
- OK | Cancel J
804 —

Bridge Modeling Approach Editor

Copy | Delete | Bridge # i hd ﬂﬂ

Low Flow Methods
Use Compute
60

Elevation ()

" ¥ Energy (Standard Step)
" [ Momentum Coef Drag Cd @
: 2
=0z P p pn posn I Yarnell (Class A only)  Pier Shape K M )
Station (ft) T i

[~ WSPRO Method (Class A only)  WSPRO Variables
1]

Highest Energy Answer

D

High Flow Methods
{% Energy Only (Standard Step)

(" Pressure andjor Weir
Submerged Inlet Cd (Blank for table)

Submerged Inlet + Outlet Cd

Max Low Chord (Blank for default)

il

g oK Caanel | Help |
1°




MAINE CENTRAL RAILROAD BRIDGE — NO AS-BUILTS - STANTEC

) 2013 HEC-RAS

T Bridge Culvert Data - RR_WithDams
File View Options Help

River: |ROYAL RIVER FEBZ ¥ +u
Reach: [site 2 | river sta.: [9143 =14

Description |Upsheam RR Bridge

Bounding XS's: 9188.77 9103.55 |Distance between: 85.22 (ft)

21

[u]
X

[~ WSPRO Method (Class Aonly)  WSPRO Variables

RSk, RS=0142 Upstream (Bridge)
100 Legend
Pier Ground
Ineff
+
Sloping s0 Bank Sta
Abutment [
Bridge Deck/Roadway Data Editor
Madeling &
Feprosch| o Width Werr Coef
Cuert | § B0, 26, 26
3
o
glu\nple [ Clear ‘ Del Row | Ins Row | Copy US to DS
A Upstr Downstream
= Station | high chord | low chord | Station |high chord | low chord [ «
it 1[0 a3 50 0 a3 50
] —
2| 1513 93 50 15613 93 50
HTab 3| 1613 93 83.5 1513 93 83.5
Curves 4| 1687 93 83.5 1687 93 83.5
Eridgs 0 5| 1687 93 50 1687 93 50
Design 0 500 1000 1500 5| 2500 93 50 2500 93 50
7|
RS=9143 Downstream (Bridge) A j
100
U.5 Embankment 55 0 D.5 Embankment 55 0
Weir Data
- Max Submergence: 0.93 Min Weir Flow El:
Weir Crest Shape
{* Broad Crested
" Ogee
- & g
= oK Cancel
s
g Enter distance between upstream cross section and deck/roadway. (ff)
o
70
Bridge Modeling Approach Editar
80 Copy | Deete | mridge + 1 -] 4|1
Low Flow Methods
Use Compute
50 ¥ Energy (Standard Step)
0 500 1000 1500 [~ Momentum CoefDrag Cd il 2500
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I r
o
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High Flow Methods
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oK cancel | el |
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MAINE PUBLIC BRIDGE STRUCTURES IN THE MUNICIPALITY OF North Yarmouth

IDENTIFICATION

Town

Bridge Name

Bridge Number

Feature On

Feature Under

Bridge Road Width (Feet)

CLASSIFICATION

Owner
Maximum Span Length (Feet)

AGE AND CONDITION
Deck Condition
Superstructure Condition
Substructure Condition

Year Built

North Yarmouth
DUNNS

5535

9

ROYAL RIVER
24

MaineDOT
25

6 - Satisfactory Condition (minor
deterioration)

6 - Satisfactory Condition (minor
deterioration)

6 - Satisfactory Condition (minor
deterioration)

1953

INSPECTION AND APPRAISAL

Date of Inspection 06/08/20

STRUCTURE TYPE AND MATERIAL

Span Material Concrete continuous
Number of Main Spans 3

LOAD RATING AND POSTING

Posting Status  Open

POSTING TYPE
4-Axle
One-Truck
Spacing

Produced by MaineDOT Bridge Maintenance
October 1, 2021

Town2

Location

Route Number
Bridge Region
Border Bridge

Bridge or Minor Span

Maintainer
Federal Bridge Indicator

Culvert Condition
Channel Condition
Approach Condition

Annual Average Daily Traffic

Federal Sufficiency Rating

Link to Map Viewer

No Town2

1.5 MI SW'LY POWNAL TL.
0009X

1 - Southemn Region

Bridge on Townway or State Aid Road

MaineDOT
Y

N - Not Applicable
6 - Bank slump. widespread minor damage
8 - Equal to present desirable criteria

1591

66.9

Span Type Frame (except frame culverts)

Posted Weight (Tons)

Tofd
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MAINE PUBLIC BRIDGE STRUCTURES IN THE MUNICIPALITY OF North Yarmouth

IDENTIFICATION

Town

Bridge Name

Bridge Number

Feature On

Feature Under

Bridge Road Width (Feet)

CLASSIFICATION

Owner
Maximum Span Length (Feet)

AGE AND CONDITION
Deck Condition
Superstructure Condition

Substructure Condition
Year Built

North Yarmouth
HAYS

5048

231

ROYAL RIVER
21

MaineDOT
45

6 - Satisfactory Condition (minor
deterioration)

6 - Satisfactory Condition (minor
deterioration)

5 - Fair Condition (minor section loss)
1926

INSPECTION AND APPRAISAL

Date of Inspection 03/16/21

STRUCTURE TYPE AND MATERIAL

Span Material Concrete
Number of Main Spans 1

LOAD RATING AND POSTING

Posting Status Open

POSTING TYPE
4-Axle
One-Truck
Spacing

Produced by MaineDOT Bridge Maintenance
October 1, 2021

Town2

Location

Route Number
Bridge Region
Border Bridge

Bridge or Minor Span

Maintainer
Federal Bridge Indicator

Culvert Condition
Channel Condition

Approach Condition
Annual Average Daily Traffic

Federal Sufficiency Rating

Link to Map Viewer

No Town2

1.7 MINJCT 115
0231X

1 - Southemn Region

Bridge on Townway or State Aid Road

MaineDOT
Y

N - Not Applicable
6 - Bank slump. widespread minor damage

8 - Equal to present desirable criteria
1221

40.6

Span Type Tee Beam

Posted Weight (Tons)

6of9




MAINE PUBLIC BRIDGE STRUCTURES IN THE MUNICIPALITY OF North Yarmouth

IDENTIFICATION

Town

Bridge Name

Bridge Number

Feature On

Feature Under

Bridge Road Width (Feet)

CLASSIFICATION

Owner
Maximum Span Length (Feet)

AGE AND CONDITION

Deck Condition
Superstructure Condition

Substructure Condition

Year Built

North Yarmouth
HAYS MILL
6156

MILL RD
ROYAL RIVER
28

MaineDOT
70

7 - Good Condition (some
6 - Satisfactory Condition (n
deterioration)

6 - Satisfactory Condition (nm -

deterioration)
1969

INSPECTION AND APPRAISAL

Date of Inspection

06/08/20

STRUCTURE TYPE AND MATERIAL

Span Material
Number of Main Spans

LOAD RATING AND POSTING

Posting Status

POSTING TYPE
4-Axle
One-Truck
Spacing

Steel
1

Open

Produced by MaineDOT Bridge Maintenance

October 1, 2021

Town2 No Town2
Location 1.2 MIW JCT 231
F?nl_m:- Numher  NANN4NA

LOCATION MAP

R S S S
__' M S Scale in Miles

Link to Map Viewer

POMNAL™
~ CENTER






ROYAL RIVER - TERRAIN MODEL
HARBOR TO LOWER FALLS OVERVIEW




ROYAL RIVER - TERRAIN MODEL
LOWER FALLS

‘Selected: "Results_DEM_24JUN24'




ROYAL RIVER - TERRAIN MODEL
LOWER FALLS TO MIDDLE FALLS OVERVIEW

Selected: 'Results_DEM_24JUN24"




ROYAL RIVER - TERRAIN MODEL
BRIDGE STREET DAM

Selected: 'Results_DEM_24JUN24'

rock (hard bottom) 3
[




ROYAL RIVER - TERRAIN MODEL
US ROUTE 1 & BETH CONDON FOOTBRIDGE




ROYAL RIVER - TERRAIN MODEL
MIDDLE FALLS




ROYAL RIVER - TERRAIN MODEL
ELM STREET DAM OVERVIEW




ROYAL RIVER - TERRAIN MODEL
ELM STREET DAM




ROYAL RIVER - TERRAIN MODEL
EAST ELM STREET

Selected: 'Results_ DEM_24JUN24"

rock (hard botiom)

rockicobble (hard bottom)



ROYAL RIVER - TERRAIN MODEL
GRAND TRUNK RR




ROYAL RIVER - TERRAIN MODEL
MAINE CENTRAL RR




ROYAL RIVER - TERRAIN MODEL
UPSTREAM OF MAINE CENTRAL RR (1)

Selected: 'Results_DEM_24JUN24"
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