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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 Elm 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 Elm 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.” 

  



2 
Royal River, Yarmouth ME  Detailed Project Report & 
206 Aquatic Ecosystem Restoration  Environmental Assessment 
Restoration Study 

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 43o 45’ N., and longitude 70o 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). 
 

 
Figure 1: Royal River Watershed. 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. 
 

 
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. 
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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 Elm 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 3: Aerial View of the Bridge Street Dam 

 

 
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 Elm 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) 
 

 
Figure 6: Aerial view of the East Elm 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 Elm 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. 
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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 Elm 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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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 lbs., 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 

 

 
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. 
 

 
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). 
 

 
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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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 Elm 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 Elm 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 II Analysis and Reporting (September 2013): 
Stantec Consulting Services Inc. completed this study for the town of Yarmouth, ME. 
The Phase II report presents the potential changes in the Royal River upstream from 
the East Elm 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 I & II. 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 Elm Street Dam Impoundment. An excerpt of this model is displayed in Figure 
16. 
 

 
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. 
 

 
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 Elm 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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Table 1: Array of Modeled Alternatives & Measures  

Alternative Description Model Plans 

Alternative 1 No Action Alternative – Existing Conditions 

‘Ex_7Q10 - 25cfs_0ftTW’ (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 Elm Street and Bridge Street Dam 
Demolition + Middle Falls Side Channel 

Modification 
 
• Removal of a 120 linear feet (LF) section of the 
East Elm Street Dam and the Denil-type fish 
passage structure located on the right descending 
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. 

‘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_UpRiverPk_0ft_TW’ (p30) 

Alternative 3 

East Elm Street and Bridge Street Dam 
Demolition 

 
• Removal of a 120 linear feet (LF) section of the 
East Elm Street Dam and the Denil-type fish 
passage structure located on the right descending 
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  

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

Measure: Full 
Dam Removal 

East Elm Street and Bridge Street Dam Full 
Demolition 

 
• Removal of the East Elm 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. 
• No action at the Middle Falls 

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

Measure: 
Partial Dam 

Removal 

East Elm 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.] 
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Alternative Description Model Plans 
East Elm 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 

Measures: 
Middle Falls 

Various geometric configurations of Middle Falls 
rock diversion structures to promote flow in the 
bypass; modeled iteratively in conjunction with 
Alternative #2 geometry 

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

Sensitivity: 
Tailwater 

Sensitivity of Alternative 2 (TSP) Conditions 
varying downstream boundary tailwater  

‘TSP_UpRiverPk_9_6ft_TW’ (p49) 
‘TSP_UpRiverPk_-9ft_TW’ (p50) 
 

Sensitivity: 
Manning’s n 
roughness 

Sensitivity of Existing Conditions varying 
roughness coefficients  

‘EX_UpRiverPk_0ft_TW_Low_n_sens’ 
(p02) 
‘EX_UpRiverPk_0ft_TW_High_n_sens’ 
(p03) 

Sensitivity: 
Manning’s n 
roughness 

Sensitivity of Alternative 2 (TSP) Conditions 
varying roughness coefficients  

‘TSP_UpRiverPk_0ft_TW_Low_n_sens’ 
(p26)‘ 
‘TSP_UpRiverPk_0ft_TW_High_n_sens’ 
(p01) 

Sensitivity: “All 
Muck” 

Sensitivity of Alternative 2 (TSP) Conditions 
varying bathymetry immediately upstream / under 
the East Elm Street Dam 

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

 
 
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 Elm 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. 
 
5.1 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 Elm Street in Yarmouth; Meadow Brook, 19.7 miles upstream of East 
Elm 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 Elm Street; Collyer Brook, 11.9 miles upstream of East Elm 
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 Elm 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 Elm 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. 
 

 
Figure 19: Royal River 1-Day Averaged Flows 1949-2023 
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Figure 20: Annualized Daily Average Flow Statistics 

 

 
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 
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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. 
 

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

Annual 
Chance 

Exceedance 

Average 
Recurrence 

Interval 
(year) 

Computed 
Curve 

(Flow, cfs) 

Confidence 
Limits (Flow, 

cfs) USGS 
StreamStats 
Flows (cfs) 

FEMA FIS Flows (cfs) Adopted 
Flows 
(cfs) 0.05 0.95 

At USGS 
gage 

01060000 

At Route 9 
in North 

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 

Site Surveys 

• Plan of Topographic Survey Bridge Street – Titcomb Associates (2013) 
• Plan of Topographic Survey East Elm Street– Titcomb Associates 

(2013) 
• Spot Elelvations Bridge Street & Elm Street Dams – 

Interfluve/University of Southern Maine (2016) 

Bathymetry 

• Elm Street Dam Impoundment - USACE (2022) 
• After Dredge Survey-ROY2769 - USACE (2015) 
• 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) 

LiDAR  • Lidar me_southcoastal_1_2020 las (USGS 3DEP)(2020) 
o for in-channel boulders & ledge 

DEMs & DEM 
generated 
contours 

 

• USGS 1 Meter - ME South Coastal - 1m resolution – 2020 (USGS 
3DEP) 

• Geollibrary DEM 2013.08MAR22 - 1m resolution –
Maine_Elevation_DEM_Aggregate - State of Maine (2013) 

• 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 Elm 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, Elm 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) / 

Interfluve/University of Southern Maine (2016) East Elm Street Dam 
Interstate-295 Northbound & 

Southbound Bridges 

MaineDOT MEPLANS As-Builts 

MainStreet / Route 88 / Falls Bridge 
Bridge Street / Cotton Mill Bridge 

US Route 1 Bridge 
East Elm 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 Stantec 2013 HEC-RAS Geometry Maine Central Railroad Bridge 
 
Note that all elevation data that was converted to NAVD88, 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. 
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Figure 24: Royal River Bridge Data Example 

 
Additionally, the Elm 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 

 
 
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 Geometry: TSP_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. 

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 

 

 
Figure 26: Royal River 2D Computational Mesh Settings Geometry: 
Existing_2D_19JUL24 & TSP_2D_19JUL24 
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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. 
 

 
Figure 27: Royal River Breaklines 

 
5.2.1.6 Boundary Conditions 
Flow 

• Normal Depth distribution at upstream boundary 
• 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.  

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

• 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). 

• 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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Tide 
• Assumed 0-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. 
• 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. 
 

 
Figure 28: Royal River Computation Settings 

 
5.2.1.6 Computational settings 

• Equation Set: Shallow water (SWE-ELM) 
• 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 Elm 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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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 30: NOAA Tide Stations Near Royal River  
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Figure 31: Tide Stage for 10-22DEC2019 Storm Event Royal River 

 

 
Figure 32: Upstream Flow Hydrograph for 10-22DEC2019 Storm Event Royal River  



43 
Royal River, Yarmouth ME  Detailed Project Report & 
206 Aquatic Ecosystem Restoration  Environmental Assessment 
Restoration Study 

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. 
 

 
Figure 33: Modeled & Observed Flow Hydrograph at USGS Gage - 10-22DEC2019  

 

 
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. 
 

 
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 
Elm 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  

 
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 Recreation Summary of Results 
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.  
 
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 

 
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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• 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 Elm 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 Elm 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. 
  

• 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 Elm 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-ft., 
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 
 

• 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 Elm 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. 
 

• 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. 
 

• 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 Elm Street. 
 

• Based on available bathymetry and hydraulic model results, a portion of 
the back channel of Gooch Island closest to the East Elm 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 LiDAR 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. 
 

• 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. 
 

• 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: 

 
• 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.  
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• 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. 
 

• Tailwater assumed constant 0-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. 
 

• 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. 
 

• 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 Elm 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 Elm Street Dam “All Muck”, is 
included in section 5.4 of this appendix. 
 

• 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 Elm 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 Elm 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.” 
 
 

• 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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• 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. 
 

 
Figure 36: Approximated Upstream Model Extension 

 
• Any portions of dams not removed in partial removal measures are 

assumed to remain in place and be properly maintained. 
 

• 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 LiDAR data points remaining in the terrain are 
assumed to be negligible and not impact the overall CAP study results.  

Note: Simplified analysis using FEMA
flood profile for stream inverts and
applies all median annual flow (120
cfs) along Royal River at Rt 231
without adjustment for Chandler
Brook. Further refinement possible
in future with better bathymetry.
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Figure 37: Exaggerated vertical scale terrain model showing some erroneous LiDAR 

points near Gooch Island (yellow circle) 
 

• Ice 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.htm#mapsearch) 
(accessed on 01April24) indicates that well depth in the vicinity are 
typically 200 feet or more. 
 

• 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 

https://www.maine.gov/dacf/mgs/pubs/digital/well.htm#mapsearch
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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 Elm Street 
Dam, a sensitivity “All Muck” run was performed. The “All Muck” model run modified 
bathymetric surface at East Elm 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 Elm 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 
Elm 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 Elm 
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 Elm 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 Elm 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 Elm 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 Elm 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: 

• Evaluate/refine Middle Falls project elements for aquatic organism 
passage criteria, including acquisition of survey if required; 
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• 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; 

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

• 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; 

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

• 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;  

• 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. 

• 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:  
 

• 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. 
 

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

• 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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• 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.  
 

• 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  Annual Exceedance Probability 
ARI  Average Return Interval 
cfs   Cubic feet / second 

DPR  Detailed Project Report 
DoD  Department of Defense 
EO  Executive Order 
FEMA  Federal Emergency Management Agency 

FERC  Federal Energy Regulatory Commission 
FID  Federal Interest Determination 
FNP  Federal Navigation Project 
MHW  Mean High Water 
MHHW Mean Higher High Water 
MLW  Mean Low Water 
MLLW  Mean Lower Low Water 
NACCS North Atlantic Coast Comprehensive Study 
NAD  North Atlantic Division 
NAVD 88 North American Vertical Datum of 1988 
NMFS  National Marine Fisheries Service 
NOAA  National Oceanic and Atmospheric Association 
NTDE  National Tidal Datum Epoch  
O&M  Operations & Maintenance 
PDT  Project Delivery Team 
sq. ft.  Square feet 
TSP  Tentatively Selected Plan 
USACE United States Army Corps of Engineers 
USFWS United States Fish and Wildlife Service 
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ROYAL RIVER HEC-2 HYDRAULIC MODEL
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ROYAL RIVER HEC-2 HYDRAULIC MODEL
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ROYAL RIVER HEC-2 HYDRAULIC MODEL – FLOODWAY RESULTS
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ROYAL RIVER HEC-2 HYDRAULIC MODEL – FLOODWAY RESULTS
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ROYAL RIVER HEC-2 – “DIVERSION” MODEL
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ROYAL RIVER HEC-2 – “DIVERSION” MODEL
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ROYAL RIVER HEC-2 – “DIVERSION” MODEL RESULTS
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ROYAL RIVER HEC-2 – “DIVERSION” MODEL RESULTS
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ROYAL RIVER FEMA SURVEY
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INTERSTATE “95” – 1959/60 AS-BUILTS
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INTERSTATE “95” – 1959/60 AS-BUILTS / PIERS & FOOTERS
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FALLS BRIDGE – MAIN ST – RT 88
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COTTON MILL BRIDGE – BRIDGE ST
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TOPOGRAPHIC SURVEY BRIDGE STREET DAM
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BETH CONDON MEMORIAL PATHWAY
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TOPOGRAPHIC SURVEY EAST ELM STREET DAM
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EAST ELM STREET BRIDGE & FOUNDRY CHANNEL CULVERT
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GRAND TRUNK RAILROAD BRIDGE – NO AS-BUILTS - STANTEC 
2013 HEC-RAS
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MAINE CENTRAL RAILROAD BRIDGE – NO AS-BUILTS - STANTEC 
2013 HEC-RAS



22



23

MEMORIAL HIGHWAY / STATE ROUTE 9 / DUNNS BRIDGE
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MEMORIAL HIGHWAY / STATE ROUTE 9 / DUNNS BRIDGE
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ROYAL RIVER - TERRAIN MODEL 
HARBOR TO LOWER FALLS OVERVIEW
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ROYAL RIVER - TERRAIN MODEL
LOWER FALLS
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ROYAL RIVER - TERRAIN MODEL
LOWER FALLS TO MIDDLE FALLS OVERVIEW
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BRIDGE STREET DAM
ROYAL RIVER - TERRAIN MODEL
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ROYAL RIVER - TERRAIN MODEL
US ROUTE 1 & BETH CONDON FOOTBRIDGE
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ROYAL RIVER - TERRAIN MODEL
MIDDLE FALLS



34

ROYAL RIVER - TERRAIN MODEL
ELM STREET DAM OVERVIEW
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ROYAL RIVER - TERRAIN MODEL
ELM STREET DAM
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ROYAL RIVER - TERRAIN MODEL
EAST ELM STREET
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ROYAL RIVER - TERRAIN MODEL
GRAND TRUNK RR
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ROYAL RIVER - TERRAIN MODEL
MAINE CENTRAL RR
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ROYAL RIVER - TERRAIN MODEL
UPSTREAM OF MAINE CENTRAL RR (1)
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ROYAL RIVER - TERRAIN MODEL
UPSTREAM OF MAINE CENTRAL RR (2)
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ROYAL RIVER - TERRAIN MODEL
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Model 
Limits

Model 
Limits


	1.0 Purpose and Scope
	2.0 Authority
	3.0 Description of the Study Area
	3.1 General
	3.2 Project Areas
	3.2.1 Bridge Street Dam
	3.2.2 East Elm Street Dam
	3.2.3 Middle Falls

	3.3 Locations of Interest
	3.3.1 Federal Navigation Project
	3.3.2 Baston Park / Route 9

	3.4 Climatology
	3.5 Historical Storms
	3.6 Prior Studies
	3.6.1 Studies Completed by USACE
	3.6.2 Studies Completed by Others


	4.0 Alternatives
	5.0 Modeling
	5.1 Hydrology
	5.1.1 Daily Flows
	5.1.2 Flood Flows

	5.2 Hydraulics
	5.2.1 Model Development
	5.2.1.1 Domain
	5.2.1.2 Terrain
	5.2.1.3 Structures
	5.2.1.4 Roughness/Land Use
	5.2.1.5 Computational 2D Mesh/Breaklines
	5.2.1.6 Boundary Conditions
	5.2.1.7 Profile Lines

	5.2.2 Existing Information
	5.2.3 Calibration/Validation
	5.2.4 Results
	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”.
	5.2.4.2 With Project Conditions
	5.2.4.3 Fish Passage Summary of Results
	5.2.4.4 Recreation Summary of Results
	5.2.4.5 Summary of Results


	5.3 Assumptions & Simplifications
	5.4 Sensitivity Analysis

	6.0 Conclusions
	7.0 Future Efforts
	8.0 References
	9.0 List of Acronyms and Abbreviations
	Royal_River_AppendixC_HH_Backcheck_Aug2024_Attachment_A.pdf
	30AUG24 - Section 206�Royal River Fish Passage��Yarmouth, Maine��Attachment A�Selections from the Effective FEMA HEC-2 Hydraulic Study�
	Section 206 Royal River Fish Passage – Yarmouth, ME�FEMA Flood Profiles for study reach
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Royal River HEC-2 Hydraulic Model
	Royal River HEC-2 Hydraulic Model
	Royal River HEC-2 Hydraulic Model
	Royal River HEC-2 Hydraulic Model
	Royal River HEC-2 Hydraulic Model
	Royal River HEC-2 Hydraulic Model
	Royal River HEC-2 Hydraulic Model
	Royal River HEC-2 Hydraulic Model
	Royal River HEC-2 Hydraulic Model – Floodway Results
	Royal River HEC-2 Hydraulic Model – Floodway Results
	Royal River HEC-2 – “DIVERSION” Model
	Royal River HEC-2 – “DIVERSION” Model
	Royal River HEC-2 – “DIVERSION” Model Results
	Royal River HEC-2 – “DIVERSION” Model Results
	Royal River FEMA Survey
	Royal River FEMA Survey
	Royal River FEMA Survey
	Royal River FEMA Survey
	Royal River FEMA Survey
	Royal River FEMA Survey
	Royal River FEMA Survey
	Slide Number 41
	Slide Number 42
	Slide Number 43
	Slide Number 44
	Slide Number 45
	Slide Number 46
	Slide Number 47
	Slide Number 48

	Royal_River_AppendixC_HH_Backcheck_Aug2024_Attachment_B.pdf
	30AUG24 - Section 206�Royal River Fish Passage��Yarmouth, Maine��Attachment B�Select As-Built Plans and Terrain Model topographic workmaps
	Slide Number 2
	Slide Number 3
	Interstate “95” – 1959/60 As-Builts
	Interstate “95” – 1959/60 As-Builts / Piers & Footers
	Slide Number 6
	Falls Bridge – main st – route 88
	Falls Bridge – main st – rt 88
	Slide Number 9
	Cotton Mill Bridge – Bridge st
	Cotton Mill Bridge – Bridge st
	Topographic survey Bridge street Dam
	Slide Number 13
	US Route 1
	Beth Condon Memorial Pathway
	Topographic survey East Elm street Dam
	Slide Number 17
	Slide Number 18
	East Elm street Bridge & Foundry Channel Culvert
	Grand Trunk RailRoad Bridge – No As-Builts - Stantec 2013 HEC-RAS
	Maine Central RailRoad Bridge – No As-Builts - Stantec 2013 HEC-RAS
	Slide Number 22
	Memorial Highway / State Route 9 / Dunns Bridge
	Memorial Highway / State Route 9 / Dunns Bridge
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Royal River - Terrain model 
	Royal River - Terrain model
	Royal River - Terrain model
	Royal River - Terrain model
	Royal River - Terrain model
	Royal River - Terrain model
	Royal River - Terrain model
	Royal River - Terrain model
	Royal River - Terrain model
	Royal River - Terrain model
	Royal River - Terrain model
	Royal River - Terrain model
	Royal River - Terrain model
	Royal River - Terrain model
	Royal River - Terrain model
	Royal River - Terrain model

	Royal_River_AppendixC_HH_Backcheck_Aug2024_Attachment_C.pdf
	Title
	Overview
	Model Validation
	Upriver Fish Passage Parameters
	Annual Median Flows
	“Paddle Depth” Comparisons
	7Q10 “Drought”
	50% (2-yr) Storm
	10% (10-yr) Storm
	1% (100-yr) Storm
	Gooch Island focus
	Sensitivity: Overview
	Sensitivity: tailwater
	Sensitivity: Manning's n roughness
	Sensitivity: East Elm Street Dam Bottom Conditions
	Middle Falls Concept Development




