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EXISTING CONDITIONS TENTATIVELY SELECTED PLAN

VELOCITY/INUNDATION COMPARISON – 10% AEP (10-YR) STORM
LOWER FALLS TO MIDDLE FALLS OVERVIEW

DRAFT- 30AUG24
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BRIDGE STREET DAM
VELOCITY/INUNDATION COMPARISON – 10% AEP (10-YR) STORM

EXISTING CONDITIONS TENTATIVELY SELECTED PLAN

DRAFT- 30AUG24
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VELOCITY/INUNDATION COMPARISON – 10% AEP (10-YR) STORM

EXISTING CONDITIONS TENTATIVELY SELECTED PLAN

US ROUTE 1 & BETH CONDON FOOTBRIDGE

DRAFT- 30AUG24
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VELOCITY/INUNDATION COMPARISON – 10% AEP (10-YR) STORM

EXISTING CONDITIONS TENTATIVELY SELECTED PLAN

MIDDLE FALLS

DRAFT- 30AUG24
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EXISTING CONDITIONS TENTATIVELY SELECTED PLAN

VELOCITY/INUNDATION COMPARISON – 10% AEP (10-YR) STORM
ELM STREET DAM OVERVIEW

DRAFT- 30AUG24
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VELOCITY/INUNDATION COMPARISON – 10% AEP (10-YR) STORM

EXISTING CONDITIONS TENTATIVELY SELECTED PLAN

ELM STREET DAM

DRAFT- 30AUG24
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EXISTING CONDITIONS TENTATIVELY SELECTED PLAN

VELOCITY/INUNDATION COMPARISON – 10% AEP (10-YR) STORM
EAST ELM STREET

DRAFT- 30AUG24
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EXISTING CONDITIONS TENTATIVELY SELECTED PLAN

VELOCITY/INUNDATION COMPARISON – 10% AEP (10-YR) STORM
GRAND TRUNK RR

DRAFT- 30AUG24
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EXISTING CONDITIONS TENTATIVELY SELECTED PLAN

VELOCITY/INUNDATION COMPARISON – 10% AEP (10-YR) STORM
MAINE CENTRAL RR

DRAFT- 30AUG24
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EXISTING CONDITIONS TENTATIVELY SELECTED PLAN

VELOCITY/INUNDATION COMPARISON – 10% AEP (10-YR) STORM
UPSTREAM OF MAINE CENTRAL RR (1)

Model 
Limits

Model 
Limits

DRAFT- 30AUG24
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EXISTING CONDITIONS TENTATIVELY SELECTED PLAN

VELOCITY/INUNDATION COMPARISON – 10% AEP (10-YR) STORM
UPSTREAM OF MAINE CENTRAL RR (2)

DRAFT- 30AUG24
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EXISTING CONDITIONS TENTATIVELY SELECTED PLAN

VELOCITY/INUNDATION COMPARISON – 10% AEP (10-YR) STORM
UPSTREAM OF MAINE CENTRAL RR (3)

Model 
Limits

Model 
Limits

DRAFT- 30AUG24
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EXISTING CONDITIONS TENTATIVELY SELECTED PLAN

VELOCITY/INUNDATION COMPARISON – 10% AEP (10-YR) STORM
NEAR TODDY BROOK

Model 
Limits

Model 
Limits

DRAFT- 30AUG24
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EXISTING CONDITIONS TENTATIVELY SELECTED PLAN

VELOCITY/INUNDATION COMPARISON – 10% AEP (10-YR) STORM
BASTON PARK / US ROUTE 9

Model 
Limits

Model 
Limits

DRAFT- 30AUG24
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1% AEP (100-yr) Flows 
– Water Surface & Velocity centerline profiles
– Boundary Conditions
– Flow & Water Surface Hydrographs
– Velocity/Inundation Comparisons
– Potential Changes in Flood Levels

SECTION 206 ROYAL RIVER FISH PASSAGE
TSP HEC-RAS RESULTS

• Geometry:
• Existing
• TSP 

Modeled Event Results Time Peak Discharge  (cfs)
7Q10 04JAN2001 20:00:00 25

Annual Median Flows Max 120 
95% Exceedance MidMay-MidJune 02JAN2001 12:00:00 62 
5% Exceedance MidMay-MidJune 04JAN2001 20:00:00 641 

50% AEP 04JAN2001 20:00:00 3,643 
10% AEP 04JAN2001 20:00:00 6,480  
1%AEP 15DEC2019 12:00:00 10,419  

10-22DEC2019 Validation 15DEC2019 12:00:00 4,300 
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WATER SURFACE PROFILE COMPARISON – 1% AEP (100-YR) 
STORM
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VELOCITY PROFILE COMPARISON – 1% AEP (100-YR) STORM
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UPSTREAM BOUNDARY CONDITION – FLOW HYDROGRAPH 
USGS 15-MIN RECORDED FLOW 10-22DEC2019 X 2.42 =~ 1% AEP 

STORM

1% AEP (100-YR) STORM - FLOWS
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NOAA PORTLAND TIDE GAGE (6-MIN) 
10-22DEC2019 (NOT ADJUSTED)

1% AEP (100-YR) STORM - FLOWS
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BASTON PARK / MEMORIAL HIGHWAY / STATE ROUTE 9
EXISTING CONDITIONS TENTATIVELY SELECTED PLAN

1% AEP (100-YR) STORM

DRAFT- 30AUG24
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MAINE CENTRAL RAILROAD
EXISTING CONDITIONS TENTATIVELY SELECTED PLAN

1% AEP (100-YR) STORM

DRAFT- 30AUG24
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GRAND CENTRAL RAILROAD
EXISTING CONDITIONS TENTATIVELY SELECTED PLAN

1% AEP (100-YR) STORM

DRAFT- 30AUG24
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U/S ELM STREET DAM
EXISTING CONDITIONS TENTATIVELY SELECTED PLAN

1% AEP (100-YR) STORM

DRAFT- 30AUG24
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ELM STREET DAM
EXISTING CONDITIONS TENTATIVELY SELECTED PLAN

1% AEP (100-YR) STORM

DRAFT- 30AUG24
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ROYAL RIVER PARK
EXISTING CONDITIONS TENTATIVELY SELECTED PLAN

1% AEP (100-YR) STORM

DRAFT- 30AUG24
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FACTORY CHANNEL
EXISTING CONDITIONS TENTATIVELY SELECTED PLAN

1% AEP (100-YR) STORM

DRAFT- 30AUG24
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MIDDLE FALLS
EXISTING CONDITIONS TENTATIVELY SELECTED PLAN

1% AEP (100-YR) STORM

DRAFT- 30AUG24
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BRIDGE STREET DAM
EXISTING CONDITIONS TENTATIVELY SELECTED PLAN

1% AEP (100-YR) STORM

DRAFT- 30AUG24
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SPARHAWK MILL
EXISTING CONDITIONS TENTATIVELY SELECTED PLAN

1% AEP (100-YR) STORM

DRAFT- 30AUG24
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USGS GAGE 01060000
EXISTING CONDITIONS TENTATIVELY SELECTED PLAN

1% AEP (100-YR) STORM

DRAFT- 30AUG24



149

MARINA
EXISTING CONDITIONS TENTATIVELY SELECTED PLAN

1% AEP (100-YR) STORM

DRAFT- 30AUG24
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CALLEN POINT
EXISTING CONDITIONS TENTATIVELY SELECTED PLAN

1% AEP (100-YR) STORM

DRAFT- 30AUG24
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VELOCITY/INUNDATION COMPARISON – 100-YR STORM
HARBOR TO LOWER FALLS OVERVIEW

EXISTING CONDITIONS TENTATIVELY SELECTED PLAN

Magenta Lines are 2-ft topographic 
contours.  White lines are FEMA 
National Flood Hazard Layer

DRAFT- 30AUG24
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VELOCITY/INUNDATION COMPARISON – 100-YR STORM
LOWER FALLS

EXISTING CONDITIONS TENTATIVELY SELECTED PLAN

DRAFT- 30AUG24
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EXISTING CONDITIONS TENTATIVELY SELECTED PLAN

VELOCITY/INUNDATION COMPARISON – 100-YR STORM
LOWER FALLS TO MIDDLE FALLS OVERVIEW

Magenta Lines are 2-ft 
topographic contours.  
White lines are FEMA 
National Flood Hazard 
Layer DRAFT- 30AUG24
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BRIDGE STREET DAM
VELOCITY/INUNDATION COMPARISON – 100-YR STORM

EXISTING CONDITIONS TENTATIVELY SELECTED PLAN

DRAFT- 30AUG24
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VELOCITY/INUNDATION COMPARISON – 100-YR STORM

EXISTING CONDITIONS TENTATIVELY SELECTED PLAN

US ROUTE 1 & BETH CONDON FOOTBRIDGE

DRAFT- 30AUG24
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VELOCITY/INUNDATION COMPARISON – 100-YR STORM

EXISTING CONDITIONS TENTATIVELY SELECTED PLAN

MIDDLE FALLS

DRAFT- 30AUG24
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EXISTING CONDITIONS TENTATIVELY SELECTED PLAN

VELOCITY/INUNDATION COMPARISON – 100-YR STORM
ELM STREET DAM OVERVIEW

DRAFT- 30AUG24
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VELOCITY/INUNDATION COMPARISON – 100-YR STORM

EXISTING CONDITIONS TENTATIVELY SELECTED PLAN

ELM STREET DAM

DRAFT- 30AUG24
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EXISTING CONDITIONS TENTATIVELY SELECTED PLAN

VELOCITY/INUNDATION COMPARISON – 100-YR STORM
EAST ELM STREET

DRAFT- 30AUG24
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EXISTING CONDITIONS TENTATIVELY SELECTED PLAN

VELOCITY/INUNDATION COMPARISON – 100-YR STORM
GRAND TRUNK RR

DRAFT- 30AUG24
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EXISTING CONDITIONS TENTATIVELY SELECTED PLAN

VELOCITY/INUNDATION COMPARISON – 100-YR STORM
MAINE CENTRAL RR

DRAFT- 30AUG24
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EXISTING CONDITIONS TENTATIVELY SELECTED PLAN

VELOCITY/INUNDATION COMPARISON – 100-YR STORM
UPSTREAM OF MAINE CENTRAL RR (1)

Model 
Limits

Model 
Limits

DRAFT- 30AUG24
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EXISTING CONDITIONS TENTATIVELY SELECTED PLAN

VELOCITY/INUNDATION COMPARISON – 100-YR STORM
UPSTREAM OF MAINE CENTRAL RR (2)

DRAFT- 30AUG24
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EXISTING CONDITIONS TENTATIVELY SELECTED PLAN

VELOCITY/INUNDATION COMPARISON – 100-YR STORM
UPSTREAM OF MAINE CENTRAL RR (3)

Model 
Limits

Model 
Limits

DRAFT- 30AUG24
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EXISTING CONDITIONS TENTATIVELY SELECTED PLAN

VELOCITY/INUNDATION COMPARISON – 100-YR STORM
NEAR TODDY BROOK

Model 
Limits

Model 
Limits

DRAFT- 30AUG24
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EXISTING CONDITIONS TENTATIVELY SELECTED PLAN

VELOCITY/INUNDATION COMPARISON – 100-YR STORM
BASTON PARK / US ROUTE 9

Model 
Limits

Model 
Limits

DRAFT- 30AUG24
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POTENTIAL CHANGES IN 1% AEP (100-YR) FLOOD LEVELS
HARBOR TO LOWER FALLS OVERVIEW

DRAFT- 30AUG24

Areas of Potential 1% 
AEP WSE increase
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POTENTIAL CHANGES IN 1% AEP (100-YR) FLOOD LEVELS

Area of Potential 
0.1-ft WSE increase

LOWER FALLS

DRAFT- 30AUG24
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POTENTIAL CHANGES IN 1% AEP (100-YR) FLOOD LEVELS

Areas of Potential 1% 
AEP WSE increase

LOWER FALLS TO MIDDLE FALLS OVERVIEW

DRAFT- 30AUG24
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POTENTIAL CHANGES IN 1% AEP (100-YR) FLOOD LEVELS

Area of Potential 
0.5-ft WSE increase

Area of Potential <0.1-ft 
WSE increase

Areas of Potential 0.2-ft 
WSE increase

BRIDGE STREET DAM

DRAFT- 30AUG24
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POTENTIAL CHANGES IN 1% AEP (100-YR) FLOOD LEVELS

Area of Potential 1.0-ft WSE increase (likely 
false, due to bridge modeling issue)

Areas of Potential 0.4-ft WSE increase 
(likely false, due to bridge modeling issue)

US ROUTE 1 & BETH CONDON FOOTBRIDGE

DRAFT- 30AUG24
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POTENTIAL CHANGES IN 1% AEP (100-YR) FLOOD LEVELS

Areas of Potential 
<2.5-ft WSE increase

MIDDLE FALLS

DRAFT- 30AUG24
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POTENTIAL CHANGES IN 1% AEP (100-YR) FLOOD LEVELS

Areas of Potential 1% 
AEP WSE increase

ELM STREET DAM OVERVIEW

DRAFT- 30AUG24
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POTENTIAL CHANGES IN 1% AEP (100-YR) FLOOD LEVELS

Area of Potential 3.5-
ft WSE increase

ELM STREET DAM

DRAFT- 30AUG24
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POTENTIAL CHANGES IN 1% AEP (100-YR) FLOOD LEVELS

Area of Potential 3.5-
ft WSE increase

EAST ELM STREET

DRAFT- 30AUG24
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POTENTIAL CHANGES IN 1% AEP (100-YR) FLOOD LEVELS

Areas of Potential 1% 
AEP WSE increase

GRAND TRUNK RR

DRAFT- 30AUG24
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POTENTIAL CHANGES IN 1% AEP (100-YR) FLOOD LEVELS

Areas of Potential 1% 
AEP WSE increase

MAINE CENTRAL RR

DRAFT- 30AUG24
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POTENTIAL CHANGES IN 1% AEP (100-YR) FLOOD LEVELS

No Areas of Potential 
1% AEP WSE increase

UPSTREAM OF MAINE CENTRAL RR (1)

DRAFT- 30AUG24
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POTENTIAL CHANGES IN 1% AEP (100-YR) FLOOD LEVELS

No Areas of Potential 
1% AEP WSE increase

UPSTREAM OF MAINE CENTRAL RR (2)

DRAFT- 30AUG24
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POTENTIAL CHANGES IN 1% AEP (100-YR) FLOOD LEVELS

No Areas of Potential 
1% AEP WSE increase

UPSTREAM OF MAINE CENTRAL RR (3)

DRAFT- 30AUG24
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POTENTIAL CHANGES IN 1% AEP (100-YR) FLOOD LEVELS

No Areas of Potential 
1% AEP WSE increase

NEAR TODDY BROOK

DRAFT- 30AUG24
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POTENTIAL CHANGES IN 1% AEP (100-YR) FLOOD LEVELS

No Areas of Potential 
1% AEP WSE increase

BASTON PARK / US ROUTE 9

DRAFT- 30AUG24
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GRIST MILL 1893
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Gooch Island Focus 
– Depth/Inundation Comparisons
» Annual Median Flows

– Velocity/Inundation Comparisons
» 95% flow percentile (62 cfs)
» 5% flow percentile (641 cfs)
» 1% AEP (100-yr)

SECTION 206 ROYAL RIVER FISH PASSAGE
DRAFT TSP HEC-RAS RESULTS – 30AUG24

• Geometry:
• Existing
• TSP 
• “Full Removal”

Modeled Event Results Time Peak Discharge  (cfs)
7Q10 04JAN2001 20:00:00 25

Annual Median Flows Max 120 
95% Exceedance MidMay-MidJune 02JAN2001 12:00:00 62 
5% Exceedance MidMay-MidJune 04JAN2001 20:00:00 641 

50% AEP 04JAN2001 20:00:00 3,643 
10% AEP 04JAN2001 20:00:00 6,480  
1%AEP 15DEC2019 12:00:00 10,419  

10-22DEC2019 Validation 15DEC2019 12:00:00 4,300 
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DEPTH COMPARISON – ANNUAL MEDIAN FLOW
GOOCH ISLAND

EXISTING CONDITIONS TENTATIVELY SELECTED PLAN

DRAFT- 30AUG24
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DEPTH COMPARISON – ANNUAL MEDIAN FLOW
GOOCH ISLAND

EXISTING CONDITIONS FULL REMOVAL

DRAFT- 30AUG24
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VELOCITY COMPARISON – UPRIVER PEAK MIGRATION 95% FLOW 
EXCEEDANCE

GOOCH ISLAND

EXISTING CONDITIONS TENTATIVELY SELECTED PLAN

DRAFT- 30AUG24
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VELOCITY COMPARISON – UPRIVER PEAK MIGRATION 95% FLOW 
EXCEEDANCE

GOOCH ISLAND

EXISTING CONDITIONS FULL REMOVAL

DRAFT- 30AUG24
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VELOCITY COMPARISON – UPRIVER PEAK MIGRATION 5% FLOW 
EXCEEDANCE

GOOCH ISLAND

EXISTING CONDITIONS TENTATIVELY SELECTED PLAN

DRAFT- 30AUG24
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VELOCITY COMPARISON – UPRIVER PEAK MIGRATION 5% FLOW 
EXCEEDANCE

GOOCH ISLAND

EXISTING CONDITIONS FULL REMOVAL

DRAFT- 30AUG24
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VELOCITY COMPARISON –1% AEP (100-YR) FLOW
GOOCH ISLAND

EXISTING CONDITIONS TENTATIVELY SELECTED PLAN

DRAFT- 30AUG24
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VELOCITY COMPARISON –1% AEP (100-YR) FLOW
GOOCH ISLAND

EXISTING CONDITIONS FULL REMOVAL

DRAFT- 30AUG24
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SECTION 206 ROYAL RIVER FISH PASSAGE
DRAFT TSP HEC-RAS RESULTS – 30AUG24

• Geometry:
• Existing
• TSP 
• “All Muck”

Modeled Event Results Time Peak Discharge  (cfs)
7Q10 04JAN2001 20:00:00 25

Annual Median Flows Max 120 
95% Exceedance MidMay-MidJune 02JAN2001 12:00:00 62 
5% Exceedance MidMay-MidJune 04JAN2001 20:00:00 641 

50% AEP 04JAN2001 20:00:00 3,643 
10% AEP 04JAN2001 20:00:00 6,480  
1%AEP 15DEC2019 12:00:00 10,419  

10-22DEC2019 Validation 15DEC2019 12:00:00 4,300 

Sensitivity Review
– Tailwater Conditions Low/High
– Manning’s n Roughness Low/High
– “All Muck” at East Elm Street Dam

– Water Surface centerline profiles



195

SECTION 206 ROYAL RIVER FISH PASSAGE
DRAFT TSP HEC-RAS RESULTS – 30AUG24

Sensitivity Review – High Tailwater Conditions
Mean Higher High Water (MHHW) = 4.65 ft NAVD88
1% AEP High Tide (95% CI) = 9.55 ft NAVD88
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SECTION 206 ROYAL RIVER FISH PASSAGE
DRAFT TSP HEC-RAS RESULTS – 30AUG24

Sensitivity Review – High Tailwater Conditions
Mean Lower Low Water (MLLW) = -5.26 ft NAVD88
1% AEP Low Tide (95% CI) = -8.96 ft NAVD88
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WATER SURFACE PROFILE COMPARISON – UPRIVER PEAK 
MIGRATION - 95% EXCEEDANCE – TAILWATER SENSITIVITY

C
al

le
n 

Po
in

t

Ya
rm

ou
th

 
H

ar
bo

r
Br

id
ge

 
St

re
et

El
m

 
St

re
et

U
S 

R
t 9

El
ev

at
io

n 
(ft

, N
AV

D
88

)

Pumgustuck 
to Fourth 
Falls Reach

Fourth Falls to 
Route 9 
Reach

Estuary to 
Casco Bay

DRAFT- 30AUG24

Ya
rm

ou
th

N
or

th
 Y

ar
m

ou
th

1% AEP High Tide

TSP
1% Low Tide



198

SECTION 206 ROYAL RIVER FISH PASSAGE
DRAFT TSP HEC-RAS RESULTS – 30AUG24

Upriver Peak Migration 95% Exceedance
Tailwater Sensitivity Results
• 1% AEP Downstream High Tide (9.6 ft NAVD88)
• TSP (0 ft NAVD88)
• 1% AEP Downstream Low Tide (-9 ft NAVD88)

Location Station (feet) TSP 9.6 TW - TSP 0 TW TSP -9 TW  -  TSP 0 TW
TSP_UpRiverPk_0TW 

WSE '02JAN2001 
12:00:00' (ft, NAVD88)

TSP_UpRiverPk_9_6TW 
WSE '02JAN2001 

12:00:00' (ft, NAVD88)

TSP_UpRiverPk_-9TW 
WSE '02JAN2001 

12:00:00' (ft, NAVD88)

U/s end of 
model 46,822 0.0 0.0 68.1 68.1 68.1

Toddy Brook
38,266 0.0 0.0 65.9 65.9 65.9

Elm Street 15,500 0.0 0.0 65.1 65.1 65.1

US Rt 1 12,600 0.0 0.0 32.5 32.5 32.5

u/s Bridge 
Street Dam 11,962 0.0 0.0 32.3 32.3 32.3

USGS Gage
10,133 0.0 0.0 11.0 11.0 11.0

D/S end of 
model 0 9.6 -9.0 0.0 9.6 -9.0

DRAFT- 30AUG24
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WATER SURFACE PROFILE COMPARISON – UPRIVER PEAK 
MIGRATION - 5% EXCEEDANCE – TAILWATER SENSITIVITY
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SECTION 206 ROYAL RIVER FISH PASSAGE
DRAFT TSP HEC-RAS RESULTS – 30AUG24

Upriver Peak Migration 5% Exceedance
Tailwater Sensitivity Results
• 1% AEP Downstream High Tide (9.6 ft NAVD88)
• TSP (0 ft NAVD88)
• 1% AEP Downstream Low Tide (-9 ft NAVD88)

Location Station (ft)

TSP_UpRiverPk_9_6T
W - 

TSP_UpRiverPk_0TW 
(ft)

TSP_UpRiverPk_-9TW 
-  

TSP_UpRiverPk_0TW 
(ft)

TSP_UpRiverPk_0TW 
WSE '04JAN2001 

20:00:00' (ft, NAVD88)

TSP_UpRiverPk_9_6T
W WSE '04JAN2001 

20:00:00' (ft, NAVD88)

TSP_UpRiverPk_-9TW 
WSE '04JAN2001 

20:00:00' (ft, NAVD88)

U/s end of 
model 46,822 0.0 0.0 72.2 72.2 72.2

Toddy Brook 38,266 0.0 0.0 69.4 69.4 69.4

Elm Street 15,500 0.0 0.0 67.2 67.2 67.2

US Rt 1 12,600 0.0 0.0 34.3 34.2 34.2

u/s Bridge 
Street Dam 11,962 0.0 0.0 33.9 33.9 33.9

USGS Gage 10,133 -0.1 -0.1 11.6 11.5 11.5

D/S end of 
model 0 9.6 -9.0 0.0 9.6 -9.0

DRAFT- 30AUG24
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SECTION 206 ROYAL RIVER FISH PASSAGE
DRAFT TSP HEC-RAS RESULTS – 30AUG24

• Geometry:
• Existing
• TSP 

Modeled Event Results Time Peak Discharge  (cfs)
7Q10 04JAN2001 20:00:00 25

Annual Median Flows Max 120 
95% Exceedance MidMay-MidJune 02JAN2001 12:00:00 62 
5% Exceedance MidMay-MidJune 04JAN2001 20:00:00 641 

50% AEP 04JAN2001 20:00:00 3,643 
10% AEP 04JAN2001 20:00:00 6,480  
1%AEP 15DEC2019 12:00:00 10,419  

10-22DEC2019 Validation 15DEC2019 12:00:00 4,300 

Sensitivity Review
– Manning’s n Roughness Low/High

– Water Surface centerline profiles
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SECTION 206 ROYAL RIVER FISH PASSAGE
DRAFT TSP HEC-RAS RESULTS – 30AUG24

Manning’s n Roughness Typical Ranges 
(HEC-RAS 2D User’s Manual)

NLCD 
Value n Value Range Description 

NLCD 
Value n Value Range Description

11 0.025 - 0.05
Open Water- areas of open water, generally with less than 25% 
cover of vegetation or soil. This is for natural streams on mild to 
moderate slopes.

42 0.08 - 0.16

Evergreen Forest- areas dominated by trees generally greater than 
5 meters tall, and greater than 20% of total vegetation cover. More 
than 75% of the tree species maintain their leaves all year. Canopy 
is never without green foliage.

12 n/a Perennial Ice/Snow- areas characterized by a perennial cover of 
ice and/or snow, generally greater than 25% of total cover. 43 0.08 - 0.20

Mixed Forest- areas dominated by trees generally greater than 5 
meters tall, and greater than 20% of total vegetation cover. Neither 
deciduous nor evergreen species are greater than 75% of total tree 
cover.

21 0.03 - 0.05

Developed, Open Space- areas with a mixture of some 
constructed materials, but mostly vegetation in the form of lawn 
grasses. Impervious surfaces account for less than 20% of total 
cover. These areas most commonly include large-lot single-family 
housing units, parks, golf courses, and vegetation planted in 
developed settings for recreation, erosion control, or aesthetic 
purposes.

52 0.07 - 0.16

Shrub/Scrub- areas dominated by shrubs; less than 5 meters tall 
with shrub canopy typically greater than 20% of total vegetation. 
This class includes true shrubs, young trees in an early 
successional stage or trees stunted from environmental conditions.

22 0.06 - 0.12

Developed, Low Intensity- areas with a mixture of constructed 
materials and vegetation. Impervious surfaces account for 20% to 
49% percent of total cover. These areas most commonly include 
single-family housing units.

71 0.025 - 0.05

Grassland/Herbaceous- areas dominated by gramanoid or 
herbaceous vegetation, generally greater than 80% of total 
vegetation. These areas are not subject to intensive management 
such as tilling, but can be utilized for grazing.

23 0.08 - 0.16

Developed, Medium Intensity -areas with a mixture of constructed 
materials and vegetation. Impervious surfaces account for 50% to 
79% of the total cover. These areas most commonly include single-
family housing units.

81 0.025 - 0.05

Pasture/Hay-areas of grasses, legumes, or grass-legume mixtures 
planted for livestock grazing or the production of seed or hay crops, 
typically on a perennial cycle. Pasture/hay vegetation accounts for 
greater than 20% of total vegetation.

24 0.12 - 0.20

Developed High Intensity-highly developed areas where people 
reside or work in high numbers. Examples include apartment 
complexes, row houses and commercial/industrial. Impervious 
surfaces account for 80% to 100% of the total cover.

82 0.020 - 0.05

Cultivated Crops -areas used for the production of annual crops, 
such as corn, soybeans, vegetables, tobacco, and cotton, and also 
perennial woody crops such as orchards and vineyards. Crop 
vegetation accounts for greater than 20% of total vegetation. This 
class also includes all land being actively tilled.

31 0.023 - 0.030

Barren Land (Rock/Sand/Clay) - areas of bedrock, desert 
pavement, scarps, talus, slides, volcanic material, glacial debris, 
sand dunes, strip mines, gravel pits and other accumulations of 
earthen material. Generally, vegetation accounts for less than 15% 
of total cover.

90 0.045 - 0.15
Woody Wetlands- areas where forest or shrubland vegetation 
accounts for greater than 20% of vegetative cover and the soil or 
substrate is periodically saturated with or covered with water.

41 0.10 - 0.20

Deciduous Forest- areas dominated by trees generally greater 
than 5 meters tall, and greater than 20% of total vegetation cover. 
More than 75% of the tree species shed foliage simultaneously in 
response to seasonal change.

95 0.05 - 0.085

Emergent Herbaceous Wetlands- Areas where perennial 
herbaceous vegetation accounts for greater than 80% of vegetative 
cover and the soil or substrate is periodically saturated with or 
covered with water. 
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Typical Manning’s n Roughness values for very 
shallow, sheet flow (<0.1-ft depth) (from NRCS 
TR-55)



204

SECTION 206 ROYAL RIVER FISH PASSAGE
DRAFT TSP HEC-RAS RESULTS – 30AUG24

Manning’s n Roughness Sensitivity
• Existing n values = TSP n values
• High end of range n values x 1.5
• Low end of range n values

EX TSP EX-Hi TSP-Hi EX-Lo TSP-Lo

NLCD 
Value

Geometry 
Name> Existing_2D_19JUL24 TSP_2D_19JUL24

EX_High_n_sensitivi
ty 

TSP_High_n_Sensiti
vity 

EX_Low_n_sensitivit
y

TSP_Low_n_sensiti
vity

Land Use Description Default G57 G58 G03 G01 G02 G60
No Data 0.066

43 Mixed Forest 0.16 0.16 0.16 0.3 0.3 0.08 0.08
21 Developed, Open Space 0.016 0.016 0.016 0.075 0.075 0.03 0.03
81 Pasture-Hay 0.05 0.05 0.05 0.075 0.075 0.025 0.025
22 Developed, Low Intensity 0.063 0.063 0.063 0.18 0.18 0.06 0.06
23 Developed, Medium Intensity 0.094 0.094 0.094 0.24 0.24 0.08 0.08
90 Woody Wetlands 0.12 0.12 0.12 0.225 0.225 0.045 0.045
42 Evergreen Forest 0.16 0.16 0.16 0.24 0.24 0.08 0.08
41 Deciduous Forest 0.16 0.16 0.16 0.3 0.3 0.1 0.1
31 Barren Land Rock-Sand-Cla6y 0.035 0.035 0.035 0.045 0.045 0.023 0.023
71 Grassland-Herbaceous 0.035 0.035 0.035 0.075 0.075 0.025 0.025
82 Cultivated Crops 0.045 0.045 0.045 0.075 0.075 0.02 0.02
95 Emergent Herbaceeous Wetland 0.15 0.15 0.15 0.225 0.225 0.05 0.05
11 Open Water 0.033 0.033 0.033 0.075 0.075 0.025 0.025
24 Develop, High Intensity 0.125 0.125 0.125 0.3 0.3 0.12 0.12
52 Shrub-Scrub 0.07 0.07 0.07 0.24 0.24 0.07 0.07

openwater (custom channel / calibration 
regions) 0.033 0.033/0.05 0.033/0.05 0.075 0.075 0.025 0.025

FEMA Effective Model Roughness 
Values
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INITIAL CALIBRATION – MANNING’S N CALIBRATION ZONES 

Published 
USGS Rating 
Curve

Selected 
n=0.05 Model 
Results

DRAFT- 30AUG24
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WATER SURFACE PROFILE COMPARISON – UPRIVER PEAK 
MIGRATION - 95% EXCEEDANCE – MANNING’S N SENSITIVITY
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Upriver Peak Migration 95% Exceedance
Manning’s n Roughness Sensitivity Results
• Existing n values = TSP n values
• High end of range n values x 1.5
• Low end of range n values

Location Station 
(ft)

TSP High n  - TSP 
(ft)

TSP Low n - TSP 
(ft)

EX Hi n - EX        
(ft)

Ex Low n – EX     
(ft)

TSP-EX                
(ft)

TSP Hi - EX Hi  
(Departure)       

(ft)

TSP Lo - EX Lo 
(Departure)       

(ft)

U/s end of 
model 46,822 0.8 -0.2 0.2 0.0 -1.6 -1.0 (+0.6) -1.8 (-0.2)
Toddy 
Brook 38,266 0.4 -0.1 0.0 0.1 -3.7 -3.2 (+0.5) -3.9 (-0.2)

Elm Street 15,500 0.2 -0.2 -0.1 0.1 -4.5 -4.3 (+0.2) -4.8 (-0.3)

US Rt 1 12,600 0.3 -0.2 -0.1 0.0 -3.5 -3.1 (+0.4) -3.7 (-0.2)
u/s Bridge 
Street 
Dam 11,962 0.2 -0.2 -0.1 0.0 -3.7 -3.3 (+0.4) -3.9 (-0.2)
USGS 
Gage 10,133 0.2 -0.1 0.2 -0.1 0.1 0.1 (0) 0.1 (0)
D/S end of 
model 0

0.0 0.0 0.0 0.0 0.0 0.0 (0) 0.0 (0)

DRAFT- 30AUG24
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WATER SURFACE PROFILE COMPARISON – UPRIVER PEAK 
MIGRATION - 5% EXCEEDANCE – MANNING’S N SENSITIVITY
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Upriver Peak Migration 5% Exceedance
Manning’s n Roughness Sensitivity Results
• Existing n values = TSP n values
• High end of range n values x 1.5
• Low end of range n values

Location Station 
(ft)

TSP High n  - TSP 
(ft)

TSP Low n - TSP 
(ft)

EX Hi n - EX        
(ft)

Ex Low n – EX     
(ft)

TSP-EX                
(ft)

TSP Hi - EX Hi  
(Departure)       

(ft)

TSP Lo - EX Lo 
(Departure)       

(ft)

U/s end of 
model 46,822 2.0 -0.4 1.7 -0.2 -0.7 -0.4 (+0.3) -0.8 (-0.1)
Toddy 
Brook 38,266 1.8 -0.4 0.9 -0.1 -2.2 -1.4 (+0.8) -2.5 (-0.3)

Elm Street 15,500 0.3 -0.4 0.1 0.0 -3.6 -3.4 (+0.2) -4.1 (-0.5)

US Rt 1 12,600 0.6 -0.3 0.1 -0.1 -3.0 -2.5 (+0.5) -3.3 (-0.3)
u/s Bridge 
Street 
Dam 11,962 0.4 -0.5 0.0 -0.1 -3.3 -3.0 (+0.3) -3.8 (-0.5)
USGS 
Gage 10,133 0.2 -0.1 0.3 0.0 0.1 0.0 (-0.1) 0.1 (0)
D/S end of 
model 0

0.0 0.0 0.0 0.0 0.0 0.0 (0) 0.0 (0)

DRAFT- 30AUG24
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• Geometry:
• Existing
• TSP
• “All Muck”

Modeled Event Results Time Peak Discharge  (cfs)
7Q10 04JAN2001 20:00:00 25

Annual Median Flows Max 120 
95% Exceedance MidMay-MidJune 02JAN2001 12:00:00 62 
5% Exceedance MidMay-MidJune 04JAN2001 20:00:00 641 

50% AEP 04JAN2001 20:00:00 3,643 
10% AEP 04JAN2001 20:00:00 6,480  
1%AEP 15DEC2019 12:00:00 10,419  

10-22DEC2019 Validation 15DEC2019 12:00:00 4,300 

“All Muck” Sensitivity Review – Uncertainty in 
Bottom Conditions Immediately 
Upstream/Under Elm Street Dam
– Water Surface centerline profiles
– Depth/Inundation Comparisons
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“All Muck” Sensitivity Review – Uncertainty in 
Bottom Conditions Immediately 
Upstream/Under Elm Street Dam

East Elm St Dam

Gooch 
Island

Foundry Brook

Area of Concern

Model Heights exaggerated x3
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SENSITIVITY REVIEW – BOTTOM CONDITIONS IMMEDIATELY 
UPSTREAM / UNDER ELM STREET DAM “ALL MUCK”

Limited Bathymetry & Unknown Bottom 
Conditions
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SENSITIVITY REVIEW – BOTTOM CONDITIONS IMMEDIATELY 
UPSTREAM / UNDER ELM STREET DAM “ALL MUCK”

Requested Probe Transects – Contracted but 
Unable to be collected safely during this study
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SENSITIVITY REVIEW – 3D VIEW OF TERRAIN IMMEDIATELY 
UPSTREAM/UNDER ELM STREET DAM

TSP Model Heights Exaggerated x3

East Elm St Dam

Flow  Gooch 
Island

Area of Concern:  
Soft Sediments or 
Hard below dam?  

Bedrock
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SENSITIVITY REVIEW –TERRAIN IMMEDIATELY UPSTREAM/UNDER 
ELM STREET DAM – EX & TSP TERRAIN

East Elm St Dam

Flow  Gooch 
Island

Area of Concern:  
Soft Sediments or 
Hard below dam?

 Existing & TSP 
assumed Hard 

based on adjacent 
sediment probes and 
proximity of bedrock.  

Ea
st

 E
lm

 S
tre

et

Bedrock
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SENSITIVITY REVIEW –TERRAIN IMMEDIATELY UPSTREAM/UNDER 
ELM STREET DAM – “ALL MUCK” TERRAIN MODIFICATION

East Elm St Dam

Flow  Gooch 
Island

“All Muck” Area of 
Terrain Modification 

assuming easily 
erodible Soft 
Sediments

Bedrock
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SENSITIVITY REVIEW – BOTTOM CONDITIONS IMMEDIATELY 
UPSTREAM/UNDER ELM STREET DAM “ALL MUCK”

Draft EX 
Inundation Limits

Depth/Inundation Comparisons
- Annual Median - “All Muck” (archived)

Draft TSP 
Inundation Limits

Draft All Muck 
Inundation Limits

DRAFT- 30AUG24
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SENSITIVITY REVIEW – BOTTOM CONDITIONS IMMEDIATELY 
UPSTREAM/UNDER ELM STREET DAM “ALL MUCK”

Existing

DRAFT “All Muck” Water Surface Profile 
Comparisons - Annual Median  (archived)

Draft TSP

Draft All Muck

DRAFT- 30AUG24
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SENSITIVITY REVIEW – BOTTOM CONDITIONS IMMEDIATELY 
UPSTREAM/UNDER ELM STREET DAM “ALL MUCK”

DRAFT Water Surface Profile Comparisons
- Annual Median – Elm Street Detail (archived)

Existing
Draft 
TSP

Draft All Muck

Ledge Outcrop 
upstream of East 

Elm Street

DRAFT- 30AUG24
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• Geometry:
• MF Concepts 
• Existing
• TSP

Modeled Event Results Time Peak Discharge  (cfs)
7Q10 04JAN2001 20:00:00 25

Annual Median Flows Max 120 
95% Exceedance MidMay-MidJune 02JAN2001 12:00:00 62 
5% Exceedance MidMay-MidJune 04JAN2001 20:00:00 641 

50% AEP 04JAN2001 20:00:00 3,643 
10% AEP 04JAN2001 20:00:00 6,480  
1%AEP 15DEC2019 12:00:00 10,419  

10-22DEC2019 Validation 15DEC2019 12:00:00 4,300 

Middle Falls – Flow Diversion Concept 
Development
– 6 Concepts; first presented (MF5) integrated 

into TSP 
– Depth/Inundation Comparisons
– Velocity/Inundation Comparisons
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Middle Falls – Flow Diversion Concept 
Development

Terrain reflects conceptual flat diversion at Middle Falls 
from right bank to low flow chute (~70-ft from right 
bank).  This concept adopted 

TSPMF6_MeanQ_0ft_TW_ (archived)DRAFT- 30AUG24
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Middle Falls – Flow Diversion Concept 
Development

Reflects conceptual flat diversion at Middle Falls from 
right bank to low flow chute (~40-ft from right bank)
This concept adopted into TSP as the Middle Falls 
measure.  TSPMF5_MeanQ_0ft_TW_  (archived)DRAFT- 30AUG24
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Middle Falls – Flow Diversion Concept 
Development

Reflects 
conceptual flat 
diversion at Middle 
Falls from right 
bank to low flow 
chute (~40-ft from 
right bank) This 
concept adopted 
into TSP as the 
Middle Falls 
measure. 
 
TSPMF5_MeanQ_
0ft_TW_ (archived)

Peak Migration 95% 
Exceedance = 62 cfs 
total Royal River flow

Depth Check 

DRAFT- 30AUG24



225

SECTION 206 ROYAL RIVER FISH PASSAGE
DRAFT TSP HEC-RAS RESULTS – 30AUG24

Middle Falls – Flow Diversion Concept 
Development

Terrain reflects conceptual flat diversion at Middle Falls 
from right bank across low flow chute (~70-ft from right 
bank).  

TSPMF6_MeanQ_0ft_TW_ (archived)DRAFT- 30AUG24
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Middle Falls – Flow Diversion Concept 
Development

Terrain reflects 
conceptual flat 
diversion at Middle 
Falls from right 
bank across low 
flow chute (~70-ft 
from right bank)

TSPMF6_MeanQ_
0ft_TW_ (archived)

Peak Migration 5% 
Exceedance = 640 cfs 
total Royal River flow

Velocity Check 

DRAFT- 30AUG24
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Middle Falls – Flow Diversion Concept 
Development

Terrain reflects 
conceptual flat 
diversion at Middle 
Falls from right 
bank across low 
flow chute (~70-ft 
from right bank)

TSPMF6_MeanQ_
0ft_TW_ (archived)

Depth Check 

Peak Migration 95% 
Exceedance = 62 cfs 
total Royal River flow

DRAFT- 30AUG24



228

SECTION 206 ROYAL RIVER FISH PASSAGE
DRAFT TSP HEC-RAS RESULTS – 30AUG24

Middle Falls – Flow Diversion Concept 
Development

Reflects conceptual sloping diversion at Middle Falls 
from left bank to low flow chute

TSPMF4_MeanQ_0ft_TW_  (archived)DRAFT- 30AUG24
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Middle Falls – Flow Diversion Concept 
Development

Reflects 
conceptual sloping 
diversion at Middle 
Falls from left bank 
to low flow chute

TSPMF4_MeanQ_
0ft_TW_  
(archived)

Peak Migration 95% 
Exceedance = 62 cfs 
total Royal River flow

Depth Check 

DRAFT- 30AUG24
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Middle Falls – Flow Diversion Concept 
Development

Reflects conceptual boulder diversion at Middle Falls 
left bank

TSPMF3_MeanQ_0ft_TW_  (archived)

Assumed 5-ft diameter 
cylindrical boulders

DRAFT- 30AUG24
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Middle Falls – Flow Diversion Concept 
Development

Reflects 
conceptual boulder 
diversion at Middle 
Falls left bank

TSPMF3_MeanQ_
0ft_TW_  
(archived)

Peak Migration 95% 
Exceedance = 62 cfs 
total Royal River flow

Depth Check 

DRAFT- 30AUG24
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Middle Falls – Flow Diversion Concept 
Development

Reflects conceptual flat diversion at Middle Falls from 
left bank to right bank ledge

TSPMF2_MeanQ_0ft_TW_   (archived)DRAFT- 30AUG24
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Middle Falls – Flow Diversion Concept 
Development

Reflects 
conceptual flat 
diversion at Middle 
Falls from left bank 
to right bank ledge

TSPMF2_MeanQ_
0ft_TW_   
(archived)

Peak Migration 95% 
Exceedance = 62 cfs 
total Royal River flow

Depth Check 

DRAFT- 30AUG24
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Middle Falls – Flow Diversion Concept 
Development

Reflects conceptual sloping diversion at Middle Falls 
from left bank to right bank ledge

TSPMF_MeanQ_0ft_TW_  (archived)DRAFT- 30AUG24
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Middle Falls – Flow Diversion Concept 
Development

Reflects 
conceptual sloping 
diversion at Middle 
Falls from left bank 
to right bank ledge

TSPMF_MeanQ_0
ft_TW_  (archived)

Peak Migration 95% 
Exceedance = 62 cfs 
total Royal River flow

Depth Check 

DRAFT- 30AUG24
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Middle Falls – Flow Diversion Concept 
Development

Reflects other TSP measures but no action at Middle 
Falls
TSP_MeanQ_0ft_TW_    (archived)

DRAFT- 30AUG24
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Middle Falls – Flow Diversion Concept 
Development

Reflects other TSP 
measures but no 
action at Middle 
Falls
TSP_MeanQ_0ft_
TW_    (archived)

Peak Migration 5% 
Exceedance = 640 cfs 
total Royal River flow

Velocity Check 

DRAFT- 30AUG24
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Middle Falls – Flow Diversion Concept 
Development

Reflects other TSP 
measures but no 
action at Middle 
Falls
TSP_MeanQ_0ft_
TW_    (archived)

Peak Migration 95% 
Exceedance = 62 cfs 
total Royal River flow

Depth Check 

DRAFT- 30AUG24
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Middle Falls – Flow Diversion Concept 
Development

No Action scenario

EX_MeanQ_0ft_TW_  (archived)
DRAFT- 30AUG24
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Middle Falls – Flow Diversion Concept 
Development

No Action scenario

EX_MeanQ_0ft_T
W_  (archived)

Peak Migration 5% 
Exceedance = 640 cfs 
total Royal River flow

Velocity Check 

DRAFT- 30AUG24
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