
 

 

APPENDIX F 

Laboratory Test Results 



Station Offset Depth Reference G.S.D.C. W.C. L.L. P.I.
(Feet) (Feet) (Feet) Number Sheet % Unified AASHTO Frost
5+86 7.0 Rt. 5.0-6.0 243132 1 3.8 SM A-1-b II
5+86 7.0 Rt. 6.0-7.0 243133 1 22.4 CL-ML A-4 IV
5+86 7.0 Rt. 10.0-12.0 243134 1 6.7 SM A-1-b II
5+86 7.0 Rt. 14.0-16.0 243135 1 16.1 SM A-2-4 II
5+86 7.0 Rt. 19.0-21.0 243136 1 10.0 GM A-1-b I
5+86 7.0 Rt. 24.0-26.0 243137 1 10.8 SM A-1-b II
5+86 7.0 Rt. 29.0-31.0 243138 2 8.7 GM A-1-a I
5+86 7.0 Rt. 34.0-36.0 243139 2 8.1 GM A-1-a I
5+86 7.0 Rt. 39.0-41.0 243140 2 12.0 SM A-1-b II
5+86 7.0 Rt. 44.0-46.0 243141 2 9.2 SM A-1-a II
5+86 7.0 Rt. 49.0-51.0 243142 2 9.8 GC A-1-b II
5+86 7.0 Rt. 55.0-57.0 243143 2 11.7 GW-GM A-1-a 0
4+60 7.4 Rt. 9.0-11.0 304151 3 9.7 SW-SM A-1-a 0
4+60 7.4 Rt. 20.0-21.0 304152 3 24.1 CL A-4 IV
4+60 7.4 Rt. 24.0-26.0 304169 3 21.3 21 3 ML A-4 IV
4+60 7.4 Rt. 34.0-36.0 304153 3 7.8 GW-GM A-1-a 0
7+17 8.1 Rt. 10.0-12.0 304154 4 13.8 SM A-1-b II
7+17 8.1 Rt. 20.0-22.0 304155 4 5.6 GW-GM A-1-a 0
7+17 8.1 Rt. 30.0-32.0 304156 4 20.8 GW-GM A-1-a 0
7+17 8.1 Rt. 40.0-42.0 304157 4 17.3 SM A-2-4 II
7+17 8.1 Rt. 50.0-52.0 304158 5 10.4 SC-SM A-1-b II
7+17 8.1 Rt. 56.0-57.0 304160 5 11.6 SC-SM A-4 III
7+17 8.1 Rt. 65.0-66.1 304159 5 15.7 -N P- ML A-4 IV
9+59 17.2 Rt. 5.0-7.0 304161 6 8.6 SC-SM A-1-b II
9+59 17.2 Rt. 19.0-21.0 304162 6 9.5 SW-SM A-1-a 0
9+59 17.2 Rt. 39.0-41.0 304163 6 10.1 SC-SM A-1-b II
9+33 16.5 Lt. 5.0-7.0 304164 6 4.6 SW-SM A-1-b 0
9+33 16.5 Lt. 19.0-21.0 304165 6 10.5 SW-SM A-1-a 0
9+33 16.5 Lt. 34.0-36.0 304166 6 7.6 SC-SM A-4 III

Classification of these soil samples is in accordance with AASHTO Classification System M-145-40. This classification
is followed by the "Frost Susceptibility Rating" from zero (non-frost susceptible) to Class IV (highly frost susceptible).

The "Frost Susceptibility Rating" is based upon the MaineDOT and Corps of Engineers Classification Systems.
GSDC = Grain Size Distribution Curve as determined by AASHTO T 88-93 (1996) and/or ASTM D 422-63 (Reapproved 1998)
WC = water content as determined by AASHTO T 265-93 and/or ASTM D 2216-98
LL = Liquid limit as determined by AASHTO T 89-96 and/or ASTM D 4318-98
PI = Plasticity Index as determined by AASHTO 90-96 and/or ASTM D4318-98

NP = Non Plastic

HB-ALLA-204, 2D
HB-ALLA-204, 5D
HB-ALLA-204, 8D

HB-ALLA-202, 11D
HB-ALLA-202, 12D/B
HB-ALLA-202, 14D
HB-ALLA-203, 2D
HB-ALLA-203, 5D
HB-ALLA-203, 9D

HB-ALLA-201, 6D
HB-ALLA-201, 8D
HB-ALLA-202, 3D
HB-ALLA-202, 5D
HB-ALLA-202, 7D
HB-ALLA-202, 9D

HB-ALLA-101, 8D
HB-ALLA-101, 9D
HB-ALLA-101, 10D
HB-ALLA-101, 11D
HB-ALLA-201, 3D

HB-ALLA-201, 5D/A

HB-ALLA-101, 5D

 Identification Number 
HB-ALLA-101, 1D

Work Number: 17236.00

HB-ALLA-101, 1D/A

HB-ALLA-101, 7D
HB-ALLA-101, 6D

Classification

HB-ALLA-101, 3D
HB-ALLA-101, 4D

State of Maine - Department of Transportation
Laboratory Testing Summary Sheet

Town(s): Allagash
Boring & Sample

HB-ALLA-101, 2D
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3" 2" 1-1/2" 1" 3/4" 1/2" 3/8" 1/4" #4 #8 #10 #16 #20 #40 #60 #100 #200 0.05 0.03 0.010 0.005 0.001

76.2 50.8 38.1 25.4 19.05 12.7 9.53 6.35 4.75 2.36 2.00 1.18 0.85 0.426 0.25 0.15 0.075 0.05 0.03 0.005

GRAVEL SAND SILT

SIEVE ANALYSIS
US Standard Sieve Numbers

HYDROMETER ANALYSIS
Grain Diameter, mm

State of Maine Department of Transportation
GRAIN SIZE DISTRIBUTION CURVE

100 10 1 0.1 0.01 0.001
Grain Diameter, mm
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UNIFIED CLASSIFICATION

SAND, some gravel, little silt.

SAND, little silt, trace gravel.

SAND, some gravel, little silt.

Sandy SILT, trace clay, trace gravel.

3.8

10.0Sandy GRAVEL, little silt.

22.4

6.7

16.1

HB-ALLA-101/1D

HB-ALLA-101/4D

HB-ALLA-101/1DA

HB-ALLA-101/2D

HB-ALLA-101/3D

10.8SAND, some gravel, little silt.HB-ALLA-101/5D

5.0-6.0

19.0-21.0

6.0-7.0

10.0-12.0

14.0-16.0

24.0-26.0

Depth, ftBoring/Sample No. Description W, % LL PL PI
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SHEET 1

Allagash, Saint Francis

017236.00

WHITE, TERRY A          11/17/2016

WIN

Town

Reported by/Date

7.0 RT

7.0 RT

7.0 RT

7.0 RT

7.0 RT

7.0 RT

Offset, ft
5+86

5+86

5+86

5+86

5+86

5+86

Station



3" 2" 1-1/2" 1" 3/4" 1/2" 3/8" 1/4" #4 #8 #10 #16 #20 #40 #60 #100 #200 0.05 0.03 0.010 0.005 0.001

76.2 50.8 38.1 25.4 19.05 12.7 9.53 6.35 4.75 2.36 2.00 1.18 0.85 0.426 0.25 0.15 0.075 0.05 0.03 0.005

GRAVEL SAND SILT

SIEVE ANALYSIS
US Standard Sieve Numbers

HYDROMETER ANALYSIS
Grain Diameter, mm

State of Maine Department of Transportation
GRAIN SIZE DISTRIBUTION CURVE

100 10 1 0.1 0.01 0.001
Grain Diameter, mm
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UNIFIED CLASSIFICATION

Sandy GRAVEL, little silt.

Gravelly SAND, little silt.

SAND, some gravel, little silt.

Sandy GRAVEL, little silt.

8.7

9.8Sandy GRAVEL, little silt, trace clay.

8.1

12.0

9.2

HB-ALLA-101/6D

HB-ALLA-101/10D

HB-ALLA-101/7D

HB-ALLA-101/8D

HB-ALLA-101/9D

11.7Sandy GRAVEL, little silt.HB-ALLA-101/11D

29.0-31.0

49.0-51.0

34.0-36.0

39.0-41.0

44.0-46.0

55.0-57.0

Depth, ftBoring/Sample No. Description W, % LL PL PI
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SHEET 2

Allagash, Saint Francis

017236.00

WHITE, TERRY A          11/17/2016

WIN

Town

Reported by/Date

7.0 RT

7.0 RT

7.0 RT

7.0 RT

7.0 RT

7.0 RT

Offset, ft
5+86

5+86

5+86

5+86

5+86

5+86

Station



3" 2" 1-1/2" 1" 3/4" 1/2" 3/8" 1/4" #4 #8 #10 #16 #20 #40 #60 #100 #200 0.05 0.03 0.010 0.005 0.001

76.2 50.8 38.1 25.4 19.05 12.7 9.53 6.35 4.75 2.36 2.00 1.18 0.85 0.426 0.25 0.15 0.075 0.05 0.03 0.005

GRAVEL SAND SILT

SIEVE ANALYSIS
US Standard Sieve Numbers

HYDROMETER ANALYSIS
Grain Diameter, mm

State of Maine Department of Transportation
GRAIN SIZE DISTRIBUTION CURVE

100 10 1 0.1 0.01 0.001
Grain Diameter, mm
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UNIFIED CLASSIFICATION

Gravelly SAND, trace silt.

Sandy GRAVEL, little silt.

SILT, some clay, trace sand.

SILT, trace clay, trace sand.

9.7

 

24.1

21.3

7.8

21 18 3

HB-ALLA-201/3D

HB-ALLA-201/5DA

HB-ALLA-201/6D

HB-ALLA-201/8D

 

9.0-11.0

19.0-21.0

24.0-26.0

34.0-36.0

Depth, ftBoring/Sample No. Description W, % LL PL PI

����

����

����

����

����
����

SHEET 3

Allagash, Saint Francis

017236.00

WHITE, TERRY A          11/17/2016

WIN

Town

Reported by/Date

7.4 RT

 

7.4 RT

7.4 RT

7.4 RT

 

Offset, ft
4+60

4+60

4+60

4+60

Station



3" 2" 1-1/2" 1" 3/4" 1/2" 3/8" 1/4" #4 #8 #10 #16 #20 #40 #60 #100 #200 0.05 0.03 0.010 0.005 0.001

76.2 50.8 38.1 25.4 19.05 12.7 9.53 6.35 4.75 2.36 2.00 1.18 0.85 0.426 0.25 0.15 0.075 0.05 0.03 0.005

GRAVEL SAND SILT

SIEVE ANALYSIS
US Standard Sieve Numbers

HYDROMETER ANALYSIS
Grain Diameter, mm

State of Maine Department of Transportation
GRAIN SIZE DISTRIBUTION CURVE

100 10 1 0.1 0.01 0.001
Grain Diameter, mm
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UNIFIED CLASSIFICATION

SAND, little silt, little gravel.

SAND, little silt, trace gravel.

GRAVEL, some sand, trace silt.

GRAVEL, some sand, trace silt.

13.8

 

5.6

20.8

17.3

HB-ALLA-202/3D

HB-ALLA-202/5D

HB-ALLA-202/7D

HB-ALLA-202/9D

 

10.0-12.0

20.0-22.0

30.0-32.0

40.0-42.0

Depth, ftBoring/Sample No. Description W, % LL PL PI
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SHEET 4

Allagash, Saint Francis

017236.00

WHITE, TERRY A          11/18/2016

WIN

Town

Reported by/Date

8.1 RT

 

8.1 RT

8.1 RT

8.1 RT

 

Offset, ft
7+17

7+17

7+17

7+17

Station



3" 2" 1-1/2" 1" 3/4" 1/2" 3/8" 1/4" #4 #8 #10 #16 #20 #40 #60 #100 #200 0.05 0.03 0.010 0.005 0.001

76.2 50.8 38.1 25.4 19.05 12.7 9.53 6.35 4.75 2.36 2.00 1.18 0.85 0.426 0.25 0.15 0.075 0.05 0.03 0.005

GRAVEL SAND SILT

SIEVE ANALYSIS
US Standard Sieve Numbers

HYDROMETER ANALYSIS
Grain Diameter, mm

State of Maine Department of Transportation
GRAIN SIZE DISTRIBUTION CURVE

100 10 1 0.1 0.01 0.001
Grain Diameter, mm
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UNIFIED CLASSIFICATION

Gravelly SAND, little silt, trace clay.

SILT, little sand, little clay, trace gravel.

SILT, some sand, little gravel, little clay.

10.4

 

11.6

15.7

 

NP

HB-ALLA-202/11D

HB-ALLA-202/12DB

HB-ALLA-202/14D

 

50.0-52.0

55.0-57.0

65.0-67.0

Depth, ftBoring/Sample No. Description W, % LL PL PI

����

����

����

����

����
����

SHEET 5

Allagash, Saint Francis

017236.00

WHITE, TERRY A          11/18/2016

WIN

Town

Reported by/Date

8.1 RT

 

8.1 RT

8.1 RT

 

 

Offset, ft
7+17

7+17

7+17

Station



3" 2" 1-1/2" 1" 3/4" 1/2" 3/8" 1/4" #4 #8 #10 #16 #20 #40 #60 #100 #200 0.05 0.03 0.010 0.005 0.001

76.2 50.8 38.1 25.4 19.05 12.7 9.53 6.35 4.75 2.36 2.00 1.18 0.85 0.426 0.25 0.15 0.075 0.05 0.03 0.005

GRAVEL SAND SILT

SIEVE ANALYSIS
US Standard Sieve Numbers

HYDROMETER ANALYSIS
Grain Diameter, mm

State of Maine Department of Transportation
GRAIN SIZE DISTRIBUTION CURVE

100 10 1 0.1 0.01 0.001
Grain Diameter, mm
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UNIFIED CLASSIFICATION

SAND, some gravel, little silt, trace clay.

Gravelly SAND, trace silt.

SAND, some gravel, little silt, trace clay.

Gravelly SAND, little silt.

8.6

10.5Gravelly SAND, trace silt.

9.5

10.1

4.6

HB-ALLA-203/2D

HB-ALLA-204/5D

HB-ALLA-203/5D

HB-ALLA-203/9D

HB-ALLA-204/2D

7.6Gravelly SILT, little sand, trace clay.HB-ALLA-204/8D

5.0-7.0

19.0-21.0

19.0-21.0

39.0-41.0

5.0-7.0

34.0-36.0

Depth, ftBoring/Sample No. Description W, % LL PL PI
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SHEET 6

Allagash, Saint Francis

017236.00

WHITE, TERRY A          11/18/2016

WIN

Town

Reported by/Date

17.2 RT

16.5 LT

17.2 RT

17.2 RT

16.5 LT

16.5 LT

Offset, ft
9+59

9+33

9+59

9+59

9+33

9+33

Station
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Reference No. 304169

WIN 017236.00

Station 4+60

Boring No./Sample No. HB-ALLA-201/6D

TOWN Allagash, Saint Francis

Sampled 9/23/2016

Water Content, % 21.3

Tested By BBURRDepth 24.0-26.0

Plastic Limit (T 90), % 18

Liquid Limit @ 25 blows (T 89), % 21

Plasticity Index (T 90), % 3



Station Offset Depth Reference G.S.D.C. W.C. L.L. P.I.

(Feet) (Feet) (Feet) Number Sheet % Unified AASHTO Frost

7+19.3 10.1 Rt. 5.0-7.0 243144 1 3.8 SW-SM A-1-b 0
7+19.3 10.1 Rt. 10.0-12.0 243145 1 9.0 SW-SM A-1-b 0
7+19.3 10.1 Rt. 14.0-16.0 243146 1 11.0 GW-GM A-1-a 0
7+19.3 10.1 Rt. 19.0-21.0 243147 1 10.6 SM A-2-4 II
7+19.3 10.1 Rt. 24.0-26.0 243148 2 11.3 SW-SM A-1-b 0
7+19.3 10.1 Rt. 29.0-31.0 243149 2 11.8 SW-SM A-1-a 0
7+19.3 10.1 Rt. 34.0-36.0 243150 2 13.2 SW-SM A-1-a 0
4+61 5.8 Rt. 5.0-7.0 304167 3 8.9 SM A-2-4 II
4+61 5.8 Rt. 15.0-17.0 304168 3 16.7 CL A-4 IV
4+61 5.8 Rt. 34.0-36.0 304170 3 13.3 SW-SM A-1-b 0
4+61 5.8 Rt. 59.0-61.0 304171 3 11.8 SW-SM A-1-b 0
9+04 13.2 Lt. 5.0-7.0 304172 4 1.9 SW-SM A-1-a 0
9+04 13.2 Lt. 24.0-26.0 304173 4 18.9 21 2 ML A-4 IV
9+04 13.2 Lt. 34.0-36.0 304174 4 20.4 ML A-4 IV
9+04 13.2 Lt. 45.0-47.0 304175 4 10.8 SW-SM A-1-a 0
9+04 13.2 Lt. 59.0-61.0 304201 4 8.9 SC-SM A-2-4 III
9+04 13.2 Lt. 69.0-71.0 304202 4 7.5 SM A-2-4 II
12+09 11.0 Rt. 5.0-7.0 304203 5 1.9 SM A-1-b II
12+09 11.0 Rt. 15.0-17.0 304204 5 6.0 SC-SM A-1-b II
12+09 11.0 Rt. 26.0-27.0 304205 5 21.7 23 1 ML A-4 IV
12+09 11.0 Rt. 30.0-32.0 304206 5 9.3 SC-SM A-2-4 III
12+09 11.0 Rt. 45.0-47.0 304207 5 8.2 SC-SM A-4 III
12+09 11.0 Rt. 55.0-56.5 304208 5 6.9 SM A-4 III
10+43 8.2 Rt. 15.0-17.0 304209 6 8.6 SW-SC A-1-a 0
10+43 8.2 Rt. 25.0-27.0 304210 6 20.5 SC-SM A-2-4 III
10+43 8.2 Rt. 27.5-29.0 304211 6 25.6 26 6 CL-ML A-4 IV
10+43 8.2 Rt. 32.0-34.0 304212 6 14.6 26 3 ML A-4 IV
10+43 8.2 Rt. 40.0-41.7 304213 6 8.0 SC-SM A-2-4 III
10+43 8.2 Rt. 45.0-47.0 304214 6 8.7 SM A-4 III

Classification of these soil samples is in accordance with AASHTO Classification System M-145-40. This classification

is followed by the "Frost Susceptibility Rating" from zero (non-frost susceptible) to Class IV (highly frost susceptible).

The "Frost Susceptibility Rating" is based upon the MaineDOT and Corps of Engineers Classification Systems.

GSDC = Grain Size Distribution Curve as determined by AASHTO T 88-93 (1996) and/or ASTM D 422-63 (Reapproved 1998)

WC = water content as determined by AASHTO T 265-93 and/or ASTM D 2216-98

LL = Liquid limit as determined by AASHTO T 89-96 and/or ASTM D 4318-98

PI = Plasticity Index as determined by AASHTO 90-96 and/or ASTM D4318-98

State of Maine - Department of Transportation
Laboratory Testing Summary Sheet

Town(s): St. Francis
Boring & Sample

HB-STFR-101, 3D

HB-STFR-101, 6D

 Identification Number 

HB-STFR-101, 1D

Work Number: 17236.10

HB-STFR-101, 2D

HB-STFR-201, 2D
HB-STFR-101, 7D

Classification

HB-STFR-101, 4D
HB-STFR-101, 5D

HB-STFR-201, 4D
HB-STFR-201, 8D
HB-STFR-201, 13D

HB-STFR-202, 6D
HB-STFR-202, 8D

HB-STFR-202, 2D

HB-STFR-202, 10D
HB-STFR-202, 13D
HB-STFR-202, 15D
HB-STFR-203, 2D
HB-STFR-203, 4D

HB-STFR-203, 6D/B
HB-STFR-203, 7D
HB-STFR-203, 10D
HB-STFR-203, 12D
HB-STFR-204, 4D
HB-STFR-204, 6D

HB-STFR-204, 7D/B
HB-STFR-204, MV1
HB-STFR-204, 9D
HB-STFR-204, 10D

NP = Non Plastic
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3" 2" 1-1/2" 1" 3/4" 1/2" 3/8" 1/4" #4 #8 #10 #16 #20 #40 #60 #100 #200 0.05 0.03 0.010 0.005 0.001

76.2 50.8 38.1 25.4 19.05 12.7 9.53 6.35 4.75 2.36 2.00 1.18 0.85 0.426 0.25 0.15 0.075 0.05 0.03 0.005

GRAVEL SAND SILT

SIEVE ANALYSIS
US Standard Sieve Numbers

HYDROMETER ANALYSIS
Grain Diameter, mm

State of Maine Department of Transportation
GRAIN SIZE DISTRIBUTION CURVE

100 10 1 0.1 0.01 0.001
Grain Diameter, mm
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UNIFIED CLASSIFICATION

Gravelly SAND, trace silt.

SAND, some silt, little gravel.

Sandy GRAVEL, trace silt.

SAND, some gravel, trace silt.
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9.0

11.0

10.6
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19.0-21.0

Depth, ftBoring/Sample No. Description W, % LL PL PI
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017236.10

WHITE, TERRY A  11/21/2016
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Town

Reported by/Date

10.1 RT

10.1 RT
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Offset, ft
7+19.3
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Station
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GRAVEL SAND SILT

SIEVE ANALYSIS
US Standard Sieve Numbers
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Grain Diameter, mm

State of Maine Department of Transportation
GRAIN SIZE DISTRIBUTION CURVE
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SAND, some gravel, trace silt.

SAND, some gravel, trace silt.

SAND, some gravel, trace silt.
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HB-STFR-101/5D

HB-STFR-101/6D

HB-STFR-101/7D

24.0-26.0

29.0-31.0

34.0-36.0

Depth, ftBoring/Sample No. Description W, % LL PL PI
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WHITE, TERRY A  11/21/2016
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Reported by/Date
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Offset, ft
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Grain Diameter, mm
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34.0-36.0

59.0-61.0

Depth, ftBoring/Sample No. Description W, % LL PL PI
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Gravelly SAND, trace silt.

Gravelly SAND, trace silt.
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24.0-26.0

34.0-36.0
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Depth, ftBoring/Sample No. Description W, % LL PL PI
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Allagash, Saint Francis
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Grain Diameter, mm

State of Maine Department of Transportation
GRAIN SIZE DISTRIBUTION CURVE
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UNIFIED CLASSIFICATION

Gravelly SAND, little silt.

SAND, some gravel, some silt, trace clay.
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8.2SAND, some silt, little gravel, little clay.
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23 22 1
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45.0-47.0

15.0-17.0

26.0-27.0

30.0-32.0

55.0-56.5

Depth, ftBoring/Sample No. Description W, % LL PL PI
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Allagash, Saint Francis

017236.10

WHITE, TERRY A  11/21/2016
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Reported by/Date
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GRAVEL SAND SILT

SIEVE ANALYSIS
US Standard Sieve Numbers

HYDROMETER ANALYSIS
Grain Diameter, mm

State of Maine Department of Transportation
GRAIN SIZE DISTRIBUTION CURVE

100 10 1 0.1 0.01 0.001
Grain Diameter, mm
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UNIFIED CLASSIFICATION

Gravelly SAND, trace silt, trace clay.

SILT, some clay, trace sand.
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8.0SAND, some gravel, some silt, trace clay.
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15.0-17.0

40.0-41.7

25.0-27.0

27.5-29.0

32.0-34.0

45.0-47.0

Depth, ftBoring/Sample No. Description W, % LL PL PI
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SHEET 6

Allagash, Saint Francis

017236.10

WHITE, TERRY A  11/21/2016
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Town

Reported by/Date

8.2 RT

8.2 RT

8.2 RT

8.2 RT

8.2 RT

8.2 RT
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10+43
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Boring No./Sample No. HB-STFR-202/6D

TOWN Allagash, Saint Francis

Sampled 9/26/2016

Water Content, % 18.9

Tested By BBURRDepth 24.0-26.0

Plastic Limit (T 90), % 19

Liquid Limit @ 25 blows (T 89), % 21

Plasticity Index (T 90), % 2
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Station 12+09

Boring No./Sample No. HB-STFR-203/6DB

TOWN Allagash, Saint Francis

Sampled 9/26/2016

Water Content, % 21.7

Tested By BBURRDepth 26.0-27.0

Plastic Limit (T 90), % 22

Liquid Limit @ 25 blows (T 89), % 23

Plasticity Index (T 90), % 1
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Sampled 9/22/2016

Water Content, % 25.6

Tested By BBURRDepth 27.5-29.0

Plastic Limit (T 90), % 20

Liquid Limit @ 25 blows (T 89), % 26

Plasticity Index (T 90), % 6
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Tested By BBURRDepth 32.0-34.0

Plastic Limit (T 90), % 23

Liquid Limit @ 25 blows (T 89), % 26

Plasticity Index (T 90), % 3



 

 

APPENDIX G 

Subsurface Profiles 



APPENDIX G.1 

Allagash Subsurface Profiles 
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St. Francis Subsurface Profiles 
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1.0 INTRODUCTION 

Golder Associates Inc (Golder) was requested by the Maine Department of Transportation (MaineDOT) to provide 
hydraulic engineering services for assessment and design support for slope stabilization for two sites adjacent to 
State Route 161between the roadway and the St. John River. One site is along roughly an 800-foot segment of 
State Route 161 in St. Francis and the second site is about a 550-foot portion of the roadway in the town of 
Allagash. The Allagash slope segment is positioned at the confluence of the Allagash River and the St. John 
River. The St. Francis slope segment is located on the St. John River approximately 12 miles downstream of 
Allagash site and directly downstream of a valley constriction that occurs just downstream of the confluence of the 
St. Francis River and the St. John River. 

This memorandum presents a hydrologic and hydraulic evaluation of existing conditions for the two sites.  The 
hydrologic analysis provides peak discharge estimates for average recurrence intervals for the 2- through 500-
year events.  The hydraulic evaluation includes modelling the sites using both Hydrologic Engineering Center 
River Analysis System (HEC-RAS) (USACE 2018) and TUFLOW (BMT 2017).  The results of these models are 
later to be used for the assessment of the scour potential and design of the riverbank stabilization. 

2.0 HYDROLOGY 
Peak discharge at the two sites were estimated using the United States Geological Survey (USGS) application 
entitled StreamStats.  StreamStats is a web-based Geographic Information Systems (GIS) application that 
provides users with access to an assortment of analytical tools that are useful for a variety of water-resources 
planning, management, and engineering purposes (USGS 2017).  StreamStats is regression techniques based on 
USGS gage station data.  The closest United States Geological Survey (USGS) gage to the Allagash site, USGS 
Gage 01010500 – St. John River at Dickey, is located on the St. John River about 3 miles upstream of the 
confluence with the Allagash River.  The closest USGS gage to the St. Francis site, USGS Gage 01014000 – St. 
John below Fish River, at Fort Kent, Maine, is located on the St. John directly downstream from the St. John’s 
confluence with the Fish River. Table 1 presents the estimated peak discharge on the St. John River at the 
Allagash and St. Francis sites. 
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 Table 1: Estimated Peak Discharge 

Recurrence Interval St. John River at Allagash St. John River at St. Francis 

2-yr 58,000 68,000 

5-yr 78,000 92,000 

10-yr 92,000 108,000 

25-yr 108,000 127,000 

50-yr 120,000 141,000 

100-yr 133,000 156,000 

500-yr 163,000 191,000 

 

As a comparison and check of the StreamStats flows, peak discharge was also estimated utilizing a regression 
method found in Estimating the Magnitude of Peak Flows for Streams in Maine for Selected Recurrence Intervals 
(Hodgkins 1999).  Additionally, peak discharge at the Allagash site was compared with published values found in 
the 2003 Flood Insurance Study (FIS) Number 230440V000A for the Town of Allagash, Maine, Aroostook County 
(FEMA 2003).  Comparison of all flow data showed similar results, and the StreamStats results were utilized for 
this evaluation.  All hydrologic data, calculations and comparisons can be found in Attachment A. 

3.0 HYDRAULICS 
A hydraulic analysis was completed for both the Allagash and St. Francis sites using one-dimensional (1D) 
steady-flow HEC-RAS models.  The models were developed using survey data collected in 2016 by MaineDOT.  
The site survey included three river cross-sections taken at each site; one cross-section at the slope failure 
location and two cross-sections directly downstream.   

A Manning’s roughness was estimated at 0.027 and 0.03 for the channel and 0.04 and 0.05 for the surrounding 
floodplain for the St. Francis model and the Allagash model, respectively.   

The downstream boundary conditions for the St. Francis and Allagash sites were set as normal depth with slopes 
of 0.10% and 0.15%, respectively. 

Additionally, a layer of ice thickness was taken into account in the 1D HEC-RAS models through the ‘ice cover’ 
tool option.  An ice cover thickness of 3 feet for the banks and 2.5 feet for the channel was selected for both sites 
based on guidance from the FEMA FIS (FEMA 2003).  For both sites, the results of the 1D HEC-RAS model with 
ice cover for the 100-year recurrence interval event yielded much slower velocities, higher water surface 
elevations and greater channel depths. Table 2 presents the results of the HEC-RAS for the 100-year event.   



Project File Project No.  1659907 

 March 15, 2017 

 

 

 

 
 3 

Table 2: HEC-RAS Results for the 100-year Event at Site Surveyed Cross-Section 

Site Condition Water Surface 
Elevation (feet 
NAVD 88) 

Maximum Channel 
Depth (feet) 

Channel Velocity 
(feet per second) 

Allagash Without Ice 594.77 18.90 6.85 

With Ice 605.49 29.62 3.89 

St. Francis Without Ice 541.66 21.13 9.21 

With Ice 554.34 33.81 5.41 

 

The resulting water surface elevation at the Allagash site (with ice) was more conservative than the FEMA FIS 
study.  The FEMA study shows the 100-year water surface elevation (base flood elevation [BFE]) at the Allagash 
site at approximately 604.1 feet NAVD 88 (604.5 feet NGVD 29).  The HEC-RAS model developed by Golder 
resulted in a water surface elevation of 605.49 feet, which is approximately 1.4 feet higher than the FEMA study. 
Attachment B includes HECRAS printouts. 

In addition to the 1D HEC-RAS models, two-dimensional (2D) models were created for the same reaches as the 
HEC-RAS model, with the exception they were a little longer.  The 2D Allagash model extended far enough 
upstream to include the effects of the confluence of the Allagash and St. John Rivers; therefore, two inflow 
boundary conditions were required for the Allagash Model.  The 2D models included the following elements: 

 Topography – The digital elevation model (DEM) was generated from combining the 2016 MaineDOT survey 
data with a Light Detection and Ranging (LiDAR) survey (FEMA 2009).  The LiDAR data was obtained 
during the high flow season of the spring freshet and as such did not capture much of the channel 
bathymetry.  The bathymetry was estimated through extrapolation of the surveyed cross-sections.  

 Manning’s Roughness – The 2D models incorporated a Manning’s roughness of 0.027 for the channel and 
0.040 for the overbank. Two small areas within the Allagash model were slightly unstable and higher  
n-values were assigned. 

 Inflow Boundary – Inflow hydrographs were set to the inflow boundaries.  The inflow ramped up to the peak 
discharge at 0.25 hours and held steady for the remainder of the run.  The Allagash model included two 
inflow boundaries, which were the Allagash River and St. John Rivers.  The total estimated flow at the site 
was proportioned by contributing drainage area to each of the inflow boundary locations.  The Allagash River 
accounts for 31% of the contributing drainage area received 31% of the total peak discharge.  The St. John 
River upstream of the confluence of the Allagash River received 69% of the total peak discharge.   

 Outlet Boundary – The outlet boundaries were setup as a head versus time boundary, with the water surface 
elevation to approximately match the results of the HEC-RAS model. 

 2D Grid Cell Size – The model was set up with a cell size of 10 feet. 

 Time step – A time step of 2 seconds was used. 
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 Simulation time – The model was run for a total of 2.5 hours, with results obtained at the end of the run. 

Figures 1 through 6 present the results of the 2D hydraulic model results including velocity, water surface 
elevation and depth for the both the Allagash and St. Francis sites for the 100-year peak discharge event.   
Table 3 summarizes the resulting maximum velocity, water surface elevation and maximum depth at the location 
of the surveyed cross-section at each site. 

Table 3: TUFLOW Results for the 100-year Event at Site Surveyed Cross-Section 

Site Water Surface Elevation 
(feet NAVD 88) 

Maximum Channel 
Depth (feet) 

Maximum Channel Velocity 
(feet per second) 

Allagash 595.9 16.8 7.5 

St. Francis 542.6 22.3 10.4 

*Modeled without ice. 

 

 

Attachments 
Figures 
Figure 1: 2D Modeling Results – Velocity, 100-year Event (No Ice), St. Francis Site 
Figure 2: 2D Modeling Results – WSE, 100-year Event (No Ice), St. Francis Site 
Figure 3: 2D Modeling Results – Depth, 100-year Event (No Ice), St. Francis Site 
Figure 4: 2D Modeling Results – Velocity, 100-year Event (No Ice), Allagash Site 
Figure 5: 2D Modeling Results – WSE, 100-year Event (No Ice), Allagash Site 
Figure 6: 2D Modeling Results – Depth, 100-year Event (No Ice), Allagash Site 
 
Appendices 
Attachment A: Hydrologic Analysis 
Attachment B: HEC-RAS Printouts 
  
  

 
 

 
https://golderassociates.sharepoint.com/sites/106608/project files/6 deliverables/final report/appendix/appendix h techmemo_existh&h/1659907-tm-rev0-app h_hydro-hydra eval-032519.docx 
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Hydrology ‐ Summary

Maine DOT / Highway 161 Slope Stabilization at Allagash and St Francis
Created by: GK 11/8/2016
Checked by: SJS 11/16/2016

Recurrence Interval Allagash St Francis

2‐yr 57,800  68,300 

5‐yr 77,800  91,600 

10‐yr 91,600  107,700              

25‐yr 108,000  126,900              

50‐yr 120,300  141,200              

100‐yr 132,900  155,800              

500‐yr 162,800  190,600              

Method:  StreamStats (USGS website, http://water.usgs.gov/osw/streamstats/ ) was used to estimate  
drainage area, basin characteristics and peak discharge at the Allagash and the St. Francis project sites.   As a 
comparison , peak flows were also estimated utilizing the method  in the case of an ungaged site near a 
streamgage (USGS. 1999. Estimating the Magnitude of Peak Flows for Streams in Maine for Selected 
Recurrence Intervals). The StreamStats results were utilized for further calculations and are presented below.

Allagash_Hydrology_sjs.xlsx
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Hydrology ‐ Allagash Site
Maine DOT / Highway 161 Slope Stabilization at Allagash and St Francis
Created by: GK 11/8/2016
Checked by: SJS 11/16/2016

StreamStats Method

Peak‐Flow Estimates
Recurrence Interval Peak Flow (cfs)

2‐yr 58,000 

5‐yr 78,000 

10‐yr 92,000 

25‐yr 108,000 

50‐yr 120,000 

100‐yr 133,000 

500‐yr 163,000 

Gauged Discharge ‐ Weighted Area Method

Ag, USGS Gauge 01010500 ‐ St John River at Dickey (sq. mi.) 2,680             

Au, Allagash Project Site ‐ St John River (sq.mi.) 3,940             

Percent area difference 147%

Recurrence Interval

Discharge at USGS 

Gauge 01010500 ‐ 

St John River at 

Dickey ‐ Qw (cfs)

Coefficient 

from USGS 

Publication

Peak Flow ‐ 

Quf (cfs)

2‐yr 44,100  0.825              60,600           

5‐yr 60,200  0.797              81,837           

10‐yr 71,400  0.783              96,540           

25‐yr 84,900  0.767              114,088        

50‐yr 95,000  0.757              127,169        

100‐yr 105,000  0.748              140,069        

500‐yr 130,000  0.729              172,154        

FEMA Peak Discharges

Recurrence Interval

100‐yr

St. John River ‐ Downstream of the 

mouth of the Allagash River and 

approx. 500 ft upstream of the 

mouth of Pelletier Brook

131,700 

Allagash_Hydrology_sjs.xlsx
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Raw Data ‐ Allagash Site
Maine DOT / Highway 161 Slope Stabilization at Allagash and St Francis
Created by: GK 11/8/2016
Checked by:  SJS 11/18/2016

StreamStats Output Report

State/Region ID ME
Workspace ID ME20161018172639017000
Latitude 47.08994
Longitude ‐69.0256

Parameters
Name Value Unit
DRNAREA 3939.6 square miles
STORNWI 8.15 percent
PRECIP 39.7 inches

Peak‐Flow Statistics Parameters  100 Percent  Statewide Peak Flow Full WRI 99 4008
Name Value Min Limit  Max Limit
Drainage Area 3939.6 0.93 1653
Percentage of Storage from NWI 8.15 0.7 26.7

Peak‐Flow Statistics Flow Report  100 Percent Statewide Peak Flow Full WRI 99 4008
Name Value (cfs)
2 Year Peak Flood 57801
5 Year Peak Flood 77774
10 Year Peak Flood 91540
25 Year Peak Flood 107995
50 Year Peak Flood 120271
100 Year Peak Flood 132858
500 Year Peak Flood 162774
Peak‐Flow Statistics Flow Report  Area‐Averaged
Name Value (cfs)
2 Year Peak Flood 57796
5 Year Peak Flood 77766
10 Year Peak Flood 91531
25 Year Peak Flood 107984
50 Year Peak Flood 120259
100 Year Peak Flood 132845
500 Year Peak Flood 162758

Allagash_Hydrology_sjs.xlsx
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StreamStats Output Report ‐ for Drainage Area Split by Confluence Rivers

Saint John River ‐ Upstream of Allagash River

Drainage Area 2701.4 sq mi
Percent of Total Drainage Area 69%

Statistic Value (cfs)
2 Year Peak Flood 44100
5 Year Peak Flood 60200
10 Year Peak Flood 71400
25 Year Peak Flood 85000
50 Year Peak Flood 95100
100 Year Peak Flood 106000
500 Year Peak Flood 130000

Allagash River

Drainage Area 1234.6 sq mi
Percent of Total Drainage Area 31%

Statistic Value (cfs)
2 Year Peak Flood 19400
5 Year Peak Flood 26700
10 Year Peak Flood 31800
25 Year Peak Flood 38000
50 Year Peak Flood 42700
100 Year Peak Flood 47500
500 Year Peak Flood 59000

USGS Gage Information

USGS Station Number 1010500
Station Name St. John River at Dickey
Statistic Value (cfs)
2 Year Peak Flood 44100
5 Year Peak Flood 60200
10 Year Peak Flood 71400
25 Year Peak Flood 84900
50 Year Peak Flood 95000
100 Year Peak Flood 105000
500 Year Peak Flood 130000

Allagash_Hydrology_sjs.xlsx
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Hydrology ‐ St Francis Site
Maine DOT / Highway 161 Slope Stabilization at Allagash and St Francis
Created by: GK 11/8/2016
Checked by:  SJS 11/18/2016

StreamStats Method

Peak‐Flow Estimates
Recurrence Interval Peak Flow (cfs)

2‐yr 69,000 

5‐yr 92,000 

10‐yr 108,000 

25‐yr 127,000 

50‐yr 142,000 

100‐yr 156,000 

500‐yr 191,000 

Gauged Discharge ‐ Weighted Area Method

Ag, USGS Gauge 01014000 ‐ St John River below Fish R, at Fort Kent, Maine (sq. mi.) 5,665 

Au, Allagash Project Site ‐ St John River (sq.mi.) 4,639 

Percent area difference 82%

Recurrence Interval

Discharge at USGS Gauge 

01014000 ‐ St John River 

below Fish R, at Fort Kent, 

Maine (cfs)

Coefficient 

from USGS 

Publication

Peak Flow ‐ Quf (cfs)

2‐yr 68,212  0.825             57,850 

5‐yr 104,000  0.797             88,696 

10‐yr 118,000  0.783             100,917 

25‐yr 135,000  0.767             115,826 

50‐yr 148,000  0.757             127,233 

100‐yr 159,000  0.748             136,936 

500‐yr 186,000  0.729             160,798 

FEMA Peak Discharges
N/A

Allagash_Hydrology_sjs.xlsx
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Raw Data ‐ St Francis Site
Maine DOT / Highway 161 Slope Stabilization at Allagash and St Francis
Created by: GK 11/8/2016
Checked by:  SJS 11/18/2016

StreamStats Output Report

State/Region ID ME
Workspace ID ME20161018174541891000
Latitude 47.19334
Longitude ‐68.85413

Parameters
Name Value Unit
DRNAREA 4639.4 square miles
STORNWI 7.71 percent
PRECIP 39.8 inches

Peak‐Flow Statistics Parameters  100 Percent  Statewide Peak Flow Full WRI 99 4008
Name Value Min Limit  Max Limit
Drainage Area 4639.4 0.93 1653
Percentage of Storage from NWI 7.71 0.7 26.7

Peak‐Flow Statistics Flow Report  100 Percent Statewide Peak Flow Full WRI 99 4008
Name Value (cfs)
2 Year Peak Flood 68212
5 Year Peak Flood 91566
10 Year Peak Flood 107658
25 Year Peak Flood 126832
50 Year Peak Flood 141133
100 Year Peak Flood 155768
500 Year Peak Flood 190584

Peak‐Flow Statistics Flow Report  Area‐Averaged
Name Value (cfs)
2 Year Peak Flood 68204
5 Year Peak Flood 91555
10 Year Peak Flood 107646
25 Year Peak Flood 126817
50 Year Peak Flood 141117
100 Year Peak Flood 155750
500 Year Peak Flood 190562

USGS Gage Information

USGS Station Number 1014000
Station Name St. John River below Fish R, at Fort Kent, Maine
Peak‐Flow Statistics Value (cfs)
2_Year_Peak_Flood 81600
5_Year_Peak_Flood 104000
10_Year_Peak_Flood 118000
25_Year_Peak_Flood 135000
50_Year_Peak_Flood 148000
100_Year_Peak_Flood 159000
500_Year_Peak_Flood 186000

Allagash_Hydrology_sjs.xlsx
6



 

 

ATTACHMENT B 

HEC-RAS Printouts 
 
 
 

 
 
 
 
 



StJohn_Allagash

4536.26

2610.6 301.57

S t John

Allagash Model Geometry Layout

HEC-RAS Printouts Project No. 1659907

Page 1



0 500 1000 1500 2000 2500
570

580

590

600

610

620

630

640

Allagash       Plan: Allagash    11/2/2016 

Station (ft)

El
ev

at
io

n 
(ft

)

Legend

WS 100 yr

Ground

Bank Sta

.05 .03 .05

0 200 400 600 800 1000 1200 1400 1600
560

580

600

620

640

660

680

700

Allagash       Plan: Allagash    11/2/2016 

Station (ft)

El
ev

at
io

n 
(ft

)

Legend

WS 100 yr

Ground

Bank Sta

.05 .03 .05

0 200 400 600 800 1000 1200 1400
560

580

600

620

640

660

Allagash       Plan: Allagash    11/2/2016 

Station (ft)

El
ev

at
io

n 
(ft

)

Legend

WS 100 yr

Ground

Bank Sta

.05 .03 .05

HEC-RAS Printouts Project No. 1659907

Page 2



HEC-RAS  Plan: Allagash   River: StJohn   Reach: StJohn_Allagash
Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)
StJohn_Allagash 4536.26 2 yr 58000.00 575.87 588.60 584.69 589.13 0.001092 5.85 9933.08 1472.82 0.40
StJohn_Allagash 4536.26 5 yr 78000.00 575.87 590.37 585.81 590.97 0.000926 6.23 12553.03 1496.34 0.38
StJohn_Allagash 4536.26 10 yr 92000.00 575.87 591.54 586.67 592.18 0.000848 6.45 14317.54 1518.78 0.37
StJohn_Allagash 4536.26 25 yr 108000.00 575.87 592.83 587.28 593.51 0.000792 6.64 16331.41 1575.79 0.36
StJohn_Allagash 4536.26 50 yr 120000.00 575.87 593.79 587.71 594.49 0.000768 6.74 17873.79 1646.14 0.36
StJohn_Allagash 4536.26 100 yr 133000.00 575.87 594.77 588.15 595.50 0.000734 6.85 19517.51 1697.39 0.35
StJohn_Allagash 4536.26 500 yr 163000.00 575.87 596.91 589.11 597.68 0.000648 7.05 23261.74 1765.57 0.34

StJohn_Allagash 2610.6  2 yr 58000.00 572.23 585.01 586.27 0.002003 9.03 6427.35 798.71 0.55
StJohn_Allagash 2610.6  5 yr 78000.00 572.23 586.99 588.46 0.001814 9.71 8083.42 848.75 0.54
StJohn_Allagash 2610.6  10 yr 92000.00 572.23 588.25 589.84 0.001699 10.15 9153.25 856.86 0.54
StJohn_Allagash 2610.6  25 yr 108000.00 572.23 589.53 591.29 0.001620 10.67 10259.44 862.83 0.53
StJohn_Allagash 2610.6  50 yr 120000.00 572.23 590.44 592.32 0.001577 11.03 11044.97 868.19 0.53
StJohn_Allagash 2610.6  100 yr 133000.00 572.23 591.39 593.39 0.001536 11.40 11871.47 873.57 0.53
StJohn_Allagash 2610.6  500 yr 163000.00 572.23 593.45 595.73 0.001466 12.18 13683.25 888.14 0.53

StJohn_Allagash 301.57  2 yr 58000.00 565.27 581.06 577.03 582.28 0.001501 8.84 6558.78 659.83 0.49
StJohn_Allagash 301.57  5 yr 78000.00 565.27 583.17 578.49 584.65 0.001500 9.78 7977.21 689.76 0.51
StJohn_Allagash 301.57  10 yr 92000.00 565.27 584.49 579.45 586.15 0.001501 10.33 8902.89 708.77 0.51
StJohn_Allagash 301.57  25 yr 108000.00 565.27 585.81 580.47 587.68 0.001502 10.97 9847.44 720.91 0.52
StJohn_Allagash 301.57  50 yr 120000.00 565.27 586.72 581.22 588.75 0.001502 11.43 10507.67 726.70 0.53
StJohn_Allagash 301.57  100 yr 133000.00 565.27 587.67 581.99 589.87 0.001502 11.89 11200.32 732.73 0.53
StJohn_Allagash 301.57  500 yr 163000.00 565.27 589.70 583.65 592.28 0.001501 12.88 12701.82 744.40 0.54
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HEC-RAS  Plan: Allagash_ice   River: StJohn   Reach: StJohn_Allagash
Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)
StJohn_Allagash 4536.26 2 yr 58000.00 575.87 596.11 586.98 596.27 0.000936 3.25 17915.41 1646.11 0.17
StJohn_Allagash 4536.26 5 yr 78000.00 575.87 598.95 588.10 599.13 0.000832 3.44 22794.75 1763.88 0.17
StJohn_Allagash 4536.26 10 yr 92000.00 575.87 600.74 588.95 600.94 0.000754 3.56 25970.14 1770.58 0.16
StJohn_Allagash 4536.26 25 yr 108000.00 575.87 602.68 589.57 602.89 0.000691 3.69 29398.81 1778.50 0.16
StJohn_Allagash 4536.26 50 yr 120000.00 575.87 604.05 590.02 604.27 0.000655 3.79 31850.53 1793.83 0.16
StJohn_Allagash 4536.26 100 yr 133000.00 575.87 605.49 590.44 605.73 0.000622 3.89 34485.81 1893.04 0.16
StJohn_Allagash 4536.26 500 yr 163000.00 575.87 608.55 591.41 608.81 0.000571 4.10 40369.83 1933.95 0.15

StJohn_Allagash 2610.6  2 yr 58000.00 572.23 593.55 593.94 0.001583 5.01 11734.78 870.26 0.23
StJohn_Allagash 2610.6  5 yr 78000.00 572.23 596.52 596.99 0.001506 5.55 14341.51 890.51 0.24
StJohn_Allagash 2610.6  10 yr 92000.00 572.23 598.40 598.93 0.001470 5.88 16036.03 906.24 0.24
StJohn_Allagash 2610.6  25 yr 108000.00 572.23 600.40 600.99 0.001443 6.22 17854.53 918.99 0.24
StJohn_Allagash 2610.6  50 yr 120000.00 572.23 601.80 602.44 0.001427 6.46 19149.42 925.03 0.24
StJohn_Allagash 2610.6  100 yr 133000.00 572.23 603.26 603.95 0.001412 6.71 20507.86 932.11 0.24
StJohn_Allagash 2610.6  500 yr 163000.00 572.23 606.31 607.11 0.001406 7.25 23374.72 954.04 0.25

StJohn_Allagash 301.57  2 yr 58000.00 565.27 589.96 579.32 590.38 0.001502 5.19 11194.61 730.86 0.23
StJohn_Allagash 301.57  5 yr 78000.00 565.27 592.99 580.78 593.51 0.001502 5.83 13430.96 748.72 0.24
StJohn_Allagash 301.57  10 yr 92000.00 565.27 594.90 581.72 595.50 0.001501 6.22 14923.30 824.54 0.24
StJohn_Allagash 301.57  25 yr 108000.00 565.27 596.90 582.78 597.58 0.001503 6.63 16668.36 891.49 0.25
StJohn_Allagash 301.57  50 yr 120000.00 565.27 598.32 583.49 599.05 0.001501 6.90 17938.01 903.80 0.25
StJohn_Allagash 301.57  100 yr 133000.00 565.27 599.78 584.27 600.58 0.001501 7.18 19331.50 988.95 0.25
StJohn_Allagash 301.57  500 yr 163000.00 565.27 602.83 585.94 603.74 0.001501 7.75 22399.55 1010.03 0.26
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HEC-RAS  Plan: StFrancis   River: StJohn River   Reach: StFrancis
Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)
StFrancis 4381.79 2 yr 68000.00 520.53 535.33 530.25 536.04 0.000744 6.73 10103.56 1058.40 0.38
StFrancis 4381.79 5 yr 92000.00 520.53 537.31 531.77 538.19 0.000740 7.53 12210.24 1074.49 0.39
StFrancis 4381.79 10 yr 108000.00 520.53 538.50 532.51 539.49 0.000738 8.00 13492.76 1081.75 0.40
StFrancis 4381.79 25 yr 127000.00 520.53 539.81 533.38 540.94 0.000735 8.51 14924.06 1088.28 0.41
StFrancis 4381.79 50 yr 141000.00 520.53 540.73 533.92 541.95 0.000735 8.86 15917.28 1092.79 0.41
StFrancis 4381.79 100 yr 156000.00 520.53 541.66 534.53 542.98 0.000734 9.21 16942.29 1097.65 0.41
StFrancis 4381.79 500 yr 191000.00 520.53 543.68 535.79 545.22 0.000739 9.97 19167.48 1110.42 0.42

StFrancis 2257.64 2 yr 68000.00 517.87 533.91 534.56 0.000635 6.46 10691.97 1134.01 0.36
StFrancis 2257.64 5 yr 92000.00 517.87 535.89 536.71 0.000641 7.27 13014.44 1221.86 0.37
StFrancis 2257.64 10 yr 108000.00 517.87 537.10 538.01 0.000637 7.72 14518.32 1305.25 0.38
StFrancis 2257.64 25 yr 127000.00 517.87 538.43 539.46 0.000635 8.21 16390.13 1521.71 0.38
StFrancis 2257.64 50 yr 141000.00 517.87 539.37 540.47 0.000626 8.50 17902.86 1685.66 0.38
StFrancis 2257.64 100 yr 156000.00 517.87 540.34 541.51 0.000619 8.79 19626.74 1880.02 0.38
StFrancis 2257.64 500 yr 191000.00 517.87 542.49 543.75 0.000581 9.24 23794.41 1989.06 0.38

StFrancis 283.77  2 yr 68000.00 518.06 532.05 528.01 532.98 0.001000 7.71 8816.81 942.42 0.44
StFrancis 283.77  5 yr 92000.00 518.06 533.94 529.27 535.11 0.001002 8.68 10605.15 950.61 0.46
StFrancis 283.77  10 yr 108000.00 518.06 535.09 530.05 536.42 0.001001 9.23 11700.53 954.87 0.46
StFrancis 283.77  25 yr 127000.00 518.06 536.36 530.91 537.86 0.001000 9.84 12913.17 959.66 0.47
StFrancis 283.77  50 yr 141000.00 518.06 537.24 531.53 538.87 0.001000 10.25 13763.79 963.55 0.48
StFrancis 283.77  100 yr 156000.00 518.06 538.15 532.16 539.91 0.001000 10.67 14636.38 967.79 0.48
StFrancis 283.77  500 yr 191000.00 518.06 540.11 533.51 542.19 0.001001 11.57 16543.85 977.06 0.49
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HEC-RAS  Plan: StFrancis_ice   River: StJohn River   Reach: StFrancis
Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)
StFrancis 4381.79 2 yr 68000.00 520.53 544.41 532.58 544.64 0.000778 3.90 17440.75 1099.94 0.17
StFrancis 4381.79 5 yr 92000.00 520.53 547.50 534.09 547.80 0.000793 4.41 20874.87 1139.55 0.18
StFrancis 4381.79 10 yr 108000.00 520.53 549.37 534.83 549.72 0.000795 4.70 23150.16 1274.16 0.18
StFrancis 4381.79 25 yr 127000.00 520.53 551.43 535.65 551.82 0.000795 5.01 25919.47 1435.90 0.19
StFrancis 4381.79 50 yr 141000.00 520.53 552.86 536.22 553.28 0.000793 5.21 28007.32 1481.38 0.19
StFrancis 4381.79 100 yr 156000.00 520.53 554.34 536.82 554.79 0.000789 5.41 30254.50 1568.77 0.19
StFrancis 4381.79 500 yr 191000.00 520.53 557.57 538.12 558.08 0.000773 5.79 35936.91 1913.93 0.19

StFrancis 2257.64 2 yr 68000.00 517.87 542.87 543.09 0.000685 3.77 19706.02 1857.17 0.16
StFrancis 2257.64 5 yr 92000.00 517.87 546.04 546.28 0.000638 4.08 25866.21 1999.68 0.16
StFrancis 2257.64 10 yr 108000.00 517.87 547.96 548.22 0.000612 4.25 29833.93 2172.52 0.16
StFrancis 2257.64 25 yr 127000.00 517.87 550.09 550.35 0.000577 4.39 34459.36 2180.51 0.16
StFrancis 2257.64 50 yr 141000.00 517.87 551.57 551.84 0.000556 4.49 37686.00 2186.18 0.16
StFrancis 2257.64 100 yr 156000.00 517.87 553.09 553.37 0.000536 4.59 41020.65 2194.15 0.16
StFrancis 2257.64 500 yr 191000.00 517.87 556.41 556.71 0.000504 4.81 48398.91 2244.60 0.15

StFrancis 283.77  2 yr 68000.00 518.06 541.15 530.30 541.46 0.001001 4.44 15323.72 969.00 0.20
StFrancis 283.77  5 yr 92000.00 518.06 544.32 531.57 544.71 0.001001 5.01 18420.03 997.27 0.20
StFrancis 283.77  10 yr 108000.00 518.06 546.24 532.34 546.68 0.001000 5.34 20368.86 1025.55 0.21
StFrancis 283.77  25 yr 127000.00 518.06 548.36 533.21 548.86 0.001000 5.69 22556.59 1037.26 0.21
StFrancis 283.77  50 yr 141000.00 518.06 549.83 533.82 550.37 0.001001 5.93 24087.07 1045.46 0.21
StFrancis 283.77  100 yr 156000.00 518.06 551.34 534.45 551.93 0.001002 6.18 25674.50 1053.71 0.21
StFrancis 283.77  500 yr 191000.00 518.06 554.63 535.85 555.31 0.001001 6.68 29493.81 1240.12 0.22
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1.0 INTRODUCTION 
This technical memorandum summarizes modeling analyses completed for the Maine Department of 
Transportation (MaineDOT) to provide hydraulic engineering services for the assessment and design support of 
slope stabilization requirements for two unstable slopes segments adjacent to State Route 161 between the 
roadway and the St. John River.  The unstable slope areas are of concern to the MaineDOT due to the close 
proximity of slide head-scarps to the edge of roadway.  This memorandum provides the hydraulic modeling results 
for a potential scour mitigation measures using placement of bendway weirs; and installed in conjunction with 
installation of riprap armoring on the banks to mitigate for floods and ice.   

One site is along roughly an 800 foot segment of State Route 161 in St. Francis and the second site is about a 
550 foot portion of the roadway in the town of Allagash.  The Allagash slope segment is positioned at the 
confluence of the Allagash River and the St. John River.  The St. Francis slope segment is located on the St. John 
River approximately 12 miles downstream of Allagash site and directly downstream of a valley constriction that 
occurs just downstream of the confluence of the St. Francis River and the St. John River (Figure 1-1).   

TECHNICAL MEMORANDUM 
DATE  September 15, 2017 Project No. 1659907.4 

TO  Project File 
MaineDOT 

CC  Scott Stoneman, PE, Golder-Redmond, Mark Peterson, Golder-Maine, Jeff Lloyd, Golder-Maine 

FROM  Andreas Kammereck, PE, Golder-Redmond EMAIL akammereck@golder.com 

2D RIVER HYDRAULIC MODELING – SLOPE STABILIZATION OF STATE ROUTE 161 AT ST. FRANCIS 
AND ALLAGASH, MAINE  



Project File Project No.  1659907.4 

MaineDOT September 15, 2017 

 

 

 

 
 2 

 
Figure 1-1: Aerial Image of Project Area 

The following sections of this technical memorandum present the methodology and results of the 2D hydraulic 
modelling of multiple alternatives of bendway weirs placed along the path of identified unstable slope areas.  This 
memorandum is organized into the following sections: model description, model extents and inputs, modelling 
results and conclusions.  

2.0 MODEL DESCRIPTION 
The two dimensional (2D) models created for existing conditions, as presented in the Hydrologic and Hydraulic 
Evaluation of Existing Conditions Technical Memorandum (Golder 2019), were modified to include the proposed 
conditions of multiple bendway weir configurations.  The 2D model was developed using TUFLOW (BMT 2017), a 
hydrodynamic numerical model, in ESRI’s geographical information system software, ArcGIS. 

2.1 Surface Topography and Survey Data 
The model utilized a combination of topographic and survey data.  As previously described Hydrologic and 
Hydraulic Evaluation of Existing Conditions Technical Memorandum, the digital elevation model (DEM) was 
generated from combining the 2016 MaineDOT survey data with a Light Detection and Ranging (LiDAR) survey 
(FEMA 2009).  The LiDAR data was obtained during the high flow season of the spring freshet and as such did 
not capture much of the channel bathymetry.  The bathymetry was estimated through extrapolation of the 
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surveyed cross-sections.  Figures 2-2 and 2-3 present a hill-shade of the existing conditions channel geometries 
(clipped to an area beyond the model extents).   

 
Figure 2-2: Allagash Site: Existing Conditions Model Surface Hill-Shade 
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Figure 2-3: St. Francis Site: Existing Conditions Model Surface Hill-Shade 

2.2 Model Extents and Inputs 
Modelling extents cover approximately a fifteen mile stretch of the St. John River with the Allagash reach covering 
1.9 miles and the St. Francis reach covering 1.7 miles.  The two modeled reach extents were selected to 
encompass the proposed channel modifications and anticipated area of influence as presented in Figures 2-4 and 
2-5.  

The 2D models incorporated a Manning’s roughness of 0.027 for the channel and 0.040 for the overbank.  Two 
small areas within the Allagash model were slightly unstable and higher n-values were assigned. 

Models were analyzed for the 2- and 100-year annual exceedance probability events of 58,000 and 168,000 cubic 
feet per second (cfs) for the Allagash site, and 68,000 and 156,000 cfs for the St. Francis site (Golder 2019).   

2D TUFLOW models were developed in order to resolve hydraulic conditions at a more granular scale throughout 
the project areas, to better represent the anticipated complex flow dynamics. 2D models are grid-based and report 
results for each cell within the grid, allowing for review of hydraulic conditions laterally as well as longitudinally 
within and between section locations.  The 2D TUFLOW models were developed for a variety of proposed 
bendway weir conditions.  The models were run with a grid cell size of 10 feet by 10 feet.  A time step of 2 
seconds for both the Allagash St. Francis sites.  The downstream water surface elevation (WSE) boundary 
condition determined from a previous 1D HEC-RAS model of the sites (Golder 2019).  For the models, the 
bendway weirs were incorporated as variable 2D Z-lines.  
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Figure 2-4: Allagash Site TUFLOW Model Extents 

 
Figure 2-5: St. Francis Site TUFLOW Model Extents 

2.3 Model Iterations 
A variety of bendway weir structure iterations were run at each unstable slope project site for a variety of weir 
numbers, placements, widths, heights, and orientations.  Refer to Attachment B for a summary of the modeling 
iterations.  
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3.0 CONCLUSIONS 
This technical memorandum summarizes the development of two-dimensional models that incorporate the 
proposed in-channel structures, bendway weirs, and evaluate the effects of these additions; these results were 
used to support development of preliminary design recommendations.  The results presented herein provide a 
representative understanding for the performance of the proposed structures, and comparison of the existing 
versus proposed conditions for the MaineDOT’s project along two unstable slope areas on the St. John River. 

Note that reported results from the modeling are absolute values, representing direct output from the analyses, 
and demonstrate trends in the targeted hydraulic conditions that were evaluated.  While absolute values listed for 
elevations (for example) of 1 foot or less are determined by these models, there may be some varying range in 
the results that is inherent to this type of analysis (i.e. the typical range of error that comes with modeling) that is 
likely less than or on par with these absolute values.  The intent of this analysis was to identify trends in the 
existing and proposed conditions relative to the proposed in-channel work, and thereby highlight where possible 
issues may need to be further assessed or investigated; and to confirm that results and outputs of the modeling 
makes sense and present logical conclusions that fit expected site hydrologic, hydraulic, and geomorphic 
conditions.  

 

 

 

Attachments 
Attachment A: Baseline Flow and Velocity Modeling Results 
Attachment B: Modeling Iterations 

  
  

 
 

 
https://golderassociates.sharepoint.com/sites/106608/project files/6 deliverables/final report/appendix/appendix i techmemo_2dhydraulicmodeling/1659907-tm-rev0-app i_allagash_st. 
francis_modeling-032519.docx 
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ATTACHMENT A 

Baseline Flow And Velocity 
Modeling Results 

1. TUFLOW Allagash 2-yr Flow Depth 

2. TUFLOW Allagash 2-yr Flow Velocity 

3. TUFLOW Allagash 100-yr Flow Depth 

4. TUFLOW Allagash 100-yr Flow Velocity 

5. TUFLOW St. Francis 2-yr Flow Depth 

6. TUFLOW St. Francis 2-yr Flow Velocity 

7. TUFLOW St. Francis 100-yr Flow Depth 

8. TUFLOW St. Francis 100-yr Flow Velocity 

 

 

 

 

 

 



Legend

Allagash 2yr Depth
Value

High : 14.2

Low : 0



Legend

Allagash 2yr Velocity
Value

High : 11.6

Low : 0



Legend

Allagash 100yr Depth
Value

High : 21.9

Low : 0



Legend

Allagash 100yr Velocity
Value

High : 16.5
 
Low : 0



Legend

StFrancis 2yr Depth
Value

High : 16.1

Low : 0



Legend
StFrancis 2yr Velocity
Value

High : 15

Low : 0



Legend

StFrancis 100yr Depth
Value

High : 22.4

Low : 0



Legend
StFrancis 100yr Velocity
Value

High : 15

Low : 0



 

 

ATTACHMENT B 

Modeling Iterations 
 

 

 

 



Allagash TUFLOW Models

Name # of Structures
Length Perpendicular 

to Bank (ft)
Final EL (ft) Width (ft)

Orientation 
Angle (degree)

Structure 
Spacing (ft)

D/S Influence of 
Structure(s)

Additional Notes Picture

StFrancis_1st_20 1 100 536 40 20 N/A ~500ft

StFrancis_1st_20_50ft 1 50 536 40 20 N/A ~175ft

Almost exact 
same d/s 

influence as 90 
degree option

StFrancis_1st_90_50ft 1 50 536 40 90 N/A ~175ft

StFrancis_1st_90 1 100 536 40 90 N/A 450ft

StFrancis_1st_30 1 100 536 40 30 N/A
475ft, very similar to 20 

degree option

StFrancis_1st_30_50ft 1 50 536 40 30 N/A ~225ft
Slightly longer 

influence than 20 
degree option

StFrancis_1st_90_75ft 1 75 536 40 90 N/A 300ft

StFrancis_1st_30_75ft 1 75 536 40 30 N/A ~315ft

StFrancis_1st_20_75ft 1 75 536 40 20 N/A ~325ft

StFrancis_3st_90 3 100 536 to 535.5 40 90 ~380
~380ft, a bit less of 

influence after the second 
structure

StFrancis_3st_20 3 100 536 to 535.5 40 20 ~380
~380, second structure 

has a bit less of influence 
(kind of close to bank)

StFrancis_3st_20_v2 5 Varies (50‐100) 536 to 535.5 40 20 Varies
Influence of each 

structure is off banks

StFrancis_3st_90_v2 5 Varies (50‐100) 536 to 535.5 40 90 Varies

Influence of each 
structure is off banks 

(influence very similar to 
20 degree option)

StFrancis_5st_90_50ft 5 50 536 to 535.5 40 90 200

~200ft for the first  
structure and a little less 

than 200ft for the last few 
structures

I think the 90 
degree more 

effective for this 
version

StFrancis_5st_20_50ft 5 50 536 to 535.5 40 20 200

~200ft for the first few 
structures and a little less 
than 200ft for the last few 

structures

StFrancis_1st_90_75ft_25w 1 75 536 25 90 N/A 325

longer d/s 
influence 

compared to 40 
ft width option

StFrancis_1st_30_75ft_25w 1 75 536 25 30 N/A 275

shorter d/s 
influence 

compared to 40 
ft width option

StFrancis_1st_20_75ft_25w 1 75 536 25 20 N/A 275

shorter d/s 
influence 

compared to 40 
ft width option

St_Francis_6st_90_75ft 6 75 to 35 536 to 535.5 40 90 100 to 250 ~1250
Similar d/s 

influence as 30 
degree option

St_Francis_6st_30_75ft 6 75 to 35 536 to 535.5 40 30 100 to 250 ~1250



Allagash_1st_90_50ft 1 50 589 40 90 N/A ~175ft

Allagash_1st_90_100ft 1 100 589 40 90 N/A ~550ft

Allagash_1st_20_50ft 1 50 589 40 20 N/A 200ft

Allagash_1st_20_100ft 1 100 589 40 20 N/A ~550ft

Allagash_4st_90_100ft 4 100 588 to 589 40 90 400
Hits next structure, not 

bank ~400ft

Better 
alternative 

compared to 20 
degree option

Allagash_4st_20_100ft 4 100 588 to 589 40 20 400
~400ft, a bit close to bank 

off second to last 
structure

Allagash_6st_90_50ft 7 50 589 to 588 40 90 200

~200ft for the first 2 
structures, less than that 
for the last 5 structures 

(close to banks)

Allagash_6st_20_50ft 7 50 589 to 588 40 20 200

~200ft for the first 2 
structures, less than that 
for the last 5 structures 

(close to banks) 

A bit better bank 
protection than 
the 90 degree 

option
*Note 2yr recurrence flood WSE is just below the final EL of the bendway weirs (~less than 0.5 ft)
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Ice Jam and Flooding Inventory 



0
1 

in

165-9907
PHASE FIGUREPROJECT NO.

PROJECTCLIENT

IF
 T

H
IS

 M
E

A
S

U
R

E
M

E
N

T 
D

O
E

S
 N

O
T 

M
A

TC
H

 W
H

A
T 

IS
 S

H
O

W
N

, T
H

E
 S

H
E

E
T 

S
IZ

E
 H

A
S

 B
E

E
N

 M
O

D
IF

IE
D

 F
R

O
M

: A
N

S
I A

CONSULTANT

PREPARED

DESIGNED

REVIEWED

APPROVED

YYYY-MM-DD

GEOTECHNICAL AND HYDROTECHNICAL SLOPE STABILIZATION EVALUATION
STATE ROUTE 161 UNSTABLE SLOPES ADJACENT TO THE ST. JOHN RIVER
ALLAGASH AND ST FRANCIS, MAINE WIN 17236.00

MAINE DEPARTMENT OF TRANSPORTATION
16 STATE HOUSE STATION
AUGUSTA, MAINE 04333-0016

J.1.1

TITLE2019-03-18
CJS
SKB

St. Francis to Allagash Ice Jam Overview
JDL
MSP

See Figure J1.1.2 for ice jams in Dickey
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St. Francis April 2014 Ice Jam 
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1.0 INTRODUCTION 
This technical memorandum summarizes the basis of design (BOD) to support hydrotechnical engineering for the 
design of bendway weirs for the Maine Department of Transportation (MaineDOT) for two unstable slopes 
segments adjacent to State Route 161 between the roadway and the St. John River.  The proposed bendway 
weirs will be installed in conjunction with riprap armoring on the banks to mitigate for floods and ice.  The first site 
is along roughly an 800-foot segment of State Route 161 in St. Francis, and the second site is approximately  
550-foot in length along the roadway in the town of Allagash.  The Allagash slope segment is positioned at the 
confluence of the Allagash River and the St. John River.  The St. Francis slope segment is located on the St. 
John River approximately 12 miles downstream of Allagash site and directly downstream of a valley constriction 
that occurs just downstream of the confluence of the St. Francis River and the St. John River.   

The following sections of this technical memorandum outline the key components for the BOD, in order to inform 
and support continued planning and technical work for preliminary and detailed design work.  This memorandum 
is organized into the following sections: site geology, definition of site specific erosion and scour hazards, design 
overview, general layouts, typical dimensions, local riprap materials, local bank armoring examples, scour 
trends/estimates, conclusions.  

1.1 Site Geology 
Refer to Attachment A for preliminary mapping of the site geology, and development of preliminary geologic 
cross-sections for the Allagash and St. Francis project sites.  Site geologic mapping and characterizations were 
developed by Golder-Maine staff based on review of available geologic information, site investigations, and site 
reconnaissance. 
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1.2 Site Erosion Trends 
Refer to Attachment B for a preliminary assessment of erosion trends in the area along and adjacent to the toe of 
the banks at the two project sites.  The assessment as completed by comparing successive elevation data sets.  
The results show preliminary trends as follows: 

 Allagash: some areas of deposition, and a general trend of erosion ranging from 0 to 4 feet of degradation 
along the toe of the bank, and some areas of approximately 4 to 7 feet of degradation within approximately 
30 to 50 feet of the toe of the banks. 

 St. Francis: some areas of deposition, and a general trend of erosion ranging from 0 to 4 feet of degradation 
along the toe of the bank, and some areas of approximately 4 to 7 feet of degradation within approximately  
5 to 10 feet of the toe of the banks, with localized areas showing upwards of 15 feet of degradation within the 
same limits. 

1.3 Definition of the Hazard 
Initial planning and review work looked at available information to define the site specific erosion and scour 
hazards, and thereby develop conceptual scenarios that for bank failure processes.  Figure 1-1 provides a 
conceptual schematic of the identified erosion and scour processes that may exist at the site, summarized as 
follows (refer to the numbered bubbles 1 through 5 in the schematic): 

1) Bank Erosion – Hydraulic Forces: defined as erosion along the upper portion of the banks resulting from 
elevated river water levels and corresponding high velocity flows occurring during defined floods (whereby 
the design peak event is the 100-year flood). 

2) Bank Erosion – Ice Forces: defined as erosion along the upper portion of the banks, or extending down to 
the toe of the bank, resulting from ice coming in direct contact with the bank. 

3) Slope Instability (i.e. from over steepening, unstable soil units, etc.): defined as geotechnical slope instability 
processes defined by the geometry of the slope and the corresponding soil units and/or groundwater 
conditions of the slope. 

4) Slope Instability (i.e. from Rapid draw-down): defined as instability resulting when the soil units in the slope 
are inundated by flood events and then subjected to a rapid decrease in river levels. 

5) Bank Toe Erosion: defined as erosion that is generally limited to the area around toe of the bank during flood 
events, thereby undercutting the upper portion of the bank and resulting in instability extending father up the 
bank (i.e. upper bank areas slough down into the toe). 

6) River Toe Scour: defined as scour that occurs in the river channel during peak events, either as a function of 
general or local scour, or from a meandering thalweg alignment, and results in a lowering to the bed in the 
area around the toe of the bank, undercutting it and causing instability farther up the bank. 
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Figure 1-1: Conceptual Erosion and Scour Processes 

The following sections of this technical memorandum specifically address the bank toe erosion (number 5) and 
the river toe scour (number 6) hazards; proposed mitigation for these hazards include the use of bendway weirs. 

2.0 DESIGN OVERVIEW 
Bendway weirs have been used for decades as an effective method for mitigating erosion and scour hazards and 
to address bank stabilization issues (Thornton et al 2007).  The design of bendway weirs addressed herein is 
based on a combination of technical engineering criteria, field experience, and engineering judgement.  Bendway 
weirs are typically designed and installed in series, with multiple structures configured in defined layouts, spacing, 
lengths, heights, widths, and shapes.  These design components combine to address the following three primary 
performance conditions: 

 Move the thalweg of the river channel away from the toe off the bank(s) – the thalweg is defined at the 
lowest and highest velocity zone running along the bottom of the channel and typically following the flow line 
formed during any defined event.  The thalweg trends to the center of straight channels, and trends to the 
outside of the channel in bends; and the thalweg can change position in low versus high flow conditions, for 
example moving from the center of the channel during low flows to the side of the channel during high flows 
as a wider extent of the floodplain becomes inundated (i.e. governing flow directions originate from changed 
orientations during high versus low flows).  When the thalweg moves against the bank, it increases flow 
velocities along the toe and can result in increased potential for erosion and scour, which evacuates bed and 
bank materials at the toe and results in bank failures.  Bendway weirs move the thalweg away from the toe of 
the bank by establishing a new effective toe of bank along the tips of the installed structures, thereby moving 
the erosion and scour away from the bank.  The erosion and scour processes still occur, but act on the 
structure, not the toe of the bank. 



Project File Project No.  1659907.4 

MaineDOT September 5, 2017 

 

 

 

 
 4 

 Re-direct flows running along the toe of the bank away from the bank(s) – river flows may have variable flow 
vectors and geometries throughout the river channel and floodplain areas, governed by bathymetric 
conditions, debris, vegetated areas, etc.  When flows interact with the bank, they tend to follow the bank line, 
focusing flow energy at the deepest areas along the toe of the bank.  Bendway weirs can re-direct flows 
away from the bank by modifying the orientation, elevation, shape, and dimensions of the structures.  In 
general, flows along the bank are re-directed along vectors that run perpendicular off the centerline 
alignment of individual structure(s).  Therefore, upstream oriented (relative to the bank) structures tend to re-
direct flows away from the banks, perpendicular oriented structures tend to maintain flows vectors along the 
bank, and downstream oriented structure tend to re-direct flows into the bank.  Variable bank alignments 
may require variable orientation and layout of structures.  The ultimate orientation on any given structure is 
selected to perform to meet the project needs.  Site specific flow dynamics for varying orientation scenarios 
can be assessed using 2-dimensional (2D) modeling tools (note, 1D models do not provide the results 
necessary to evaluate flow dynamics). 

 Stabilize the bed materials along the toe of the bank(s) – the placement of bendway weirs along the toe of 
the bank act to stabilize bed and bank materials.  The locally lower velocity zone created by the structures, 
and relative elevation of the top of the structures act as a series of local grade-controls that maintain 
sediment elevations.  Local scour may occur aground individual structures, and local sediments may 
accumulate or evacuate, but the net change in sediment elevations generally remains stable at elevations 
related to the dimensions (length, width, height, etc.) of the installed structures.  This increased stability of 
sediments in and around installed bendway weirs is the result of moving the thalweg away from the area, re-
direction of erosion and scour potential flows away from the area, the development of lower velocity zones 
between and around the installed structures, the tendency for each installed structure to retain sediments on 
the upstream side; the net effort is to stabilize the targeted project area. 

The materials used to construct the bendway weirs can vary, including (but not limited to): concrete pre-cast units, 
large wood materials, rounded to sub-rounded rock materials, and angular riprap materials.  The use of angular 
riprap materials is most common, and assumed to be used for this project. 

The following sections of this technical memorandum provide more information on the above topics. 

2.1 Typical Layouts/Configurations 
Bendway weirs are typically installed in series, with multiple structures at coordinated orientations and 
dimensions.  Figure 2-1 shows an example of a series of bendway weir structures. 
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Figure 2-1: Example layout for series of bendway weir structure (NEH 2007) 

Flow conditions around individual structures are shown in Figure 2-2 for a typical structure layout, and in Figure  
2-3 for an example project site; whereby approaching flows at variable orientations to the structure fall away from 
the structure perpendicular to the centerline alignment of that structure (see flow vector arrows). 

 

Figure 2-2: Example of flows over upstream oriented bendway weir 
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Figure 2-3: Example of flows over upstream oriented bendway weir (NEH 2007) 

The installation of the bendway structures moves the thalweg away from the toe of the bank, to an alignment that 
generally follows along the tips of the structures (Figure 2-4).  Erosion and scour occurs at the tips of the 
structures, rather than along the toe of the bank. 

 

Figure 2-4: Example of flows over upstream oriented bendway weir (NEH 2007) 

Typical individual structure profile (along the structure longitudinal alignment) and section views are shown in 
Figure 2-5.  Note that some provision for keying the structure into the bed of the channel is needed to address 
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local scour and erosion around the structure, and the top elevation of the structure can be sloping as shown in 
Figure 2-5) or more horizontal.  A sloping top surface of the structure requires increased flows to overtop the full 
structure and therby influence flows; whereas a horizontal top of structure can influence flows at a broader range 
of low to high flows. 

 

Figure 2-5: Typical Bendway Weir profile and sections (NEH 2007) 

2.2 Typical Dimensions 
Typical design dimensions for structures include defining the spacing, length, orientation angle, height, width (i.e. 
generally refers to top and bottom width), and cross-section shape (i.e. up- and downstream slopes), addressed 
in the following sections.  

2.2.1 Spacing 
Technical reference information addressing spacing of bendway weir structures can vary widely, as shown in the 
summary in Figure 2-6 (Colorado State 2017). 
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Figure 2-6: Typical Bendway Weir Structure Spacing (Colorado State 2017) 

2.2.2 Length 
Length of bendway weir structures is a critical component of the design, and as shown in Figure 2-7, the range of 
literature suggested lengths leans towards site specific considerations, has not specific guidance on numbers, 
and highlights that in the absence of experience and/or expertise designing and building bendway weir structures 
that site specific hydro-dynamic modeling is needed to provide a better understanding of local conditions.   

 

Figure 2-7: Typical Bendway Weir Structure Length (Colorado State 2017) 

The design length of the structures should address expected loss of material starting at the tips, resulting from 
erosion and scour.  Design should look at installed length versus expected changes (i.e. loss of length) over time, 
which is should be expected and assumed to be a common performance condition in response to floods (i.e. note 
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the purpose of the bendway weir structure is to take on the wear and tear from attacking thalweg and local 
erosion and scour, which was previously attacking the bank itself). 

2.2.3 Orientation angle 
Orientation angles can range widely depending on the site conditions (Figure 2-8).  In general, upstream oriented 
angles result in re-directing flows away from the banks, but actual orientation depend on the bank alignment 
geometry relative to overall anticipated flow paths.   

 

Figure 2-8: Typical Bendway Weir Structure Orientation Angle (Colorado State 2017) 

Hydrodynamic modeling can be a useful tool for reviewing and assessing flow conditions and supporting 
determination of individual and grouped bendway weir orientations.  Where modeling tools are not available, 
experience and hydrotechnical expertise with how rivers perform in low and high flow conditions should be used 
to develop recommended orientation angles.  In general, and for the purpose of continued design planning on this 
project, structure orientations are expected to be perpendicular and/or upstream oriented, depending on bank and 
flow alignments. 

2.2.4 Height 
The height of the structures needs to take into account keying the structure into the bed of the channel and setting 
a top elevation of the structure.  Key-in depths depend on expected erosion and scour conditions (i.e. may require 
a targeted study of erosion and scour potential), and experience on previous similar projects.  Top elevations are 
best determined using hydro-dynamic modeling to simulate flow conditions and evaluate options.  In general, top 
elevations for structures may be at or below the bed elevation if they are intended to perform only when scour 
potential increases, and elevated above the bed elevations when they are intended to perform at defined flow 
levels. 

2.2.5 Width 
The width is depended on shape and configuration of the structure section.  The top width of the structure 
typically ranges from a minimum of 5 to 10 feet to upwards of 20 to 30 feet.  The structure may change 
dimensions in response to long-term erosion and scour along the downstream edge, which would tend to reduce 
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the overall width of the structure over time.  Additional width can be incorporated into the design at installation, or 
added as a maintenance activity later on. 

2.2.6 Cross-section shape 
Cross-section shape varies, see discussion on width; and can be designed to incorporate rounded to sub-rounded 
local sediments, large woody debris, and riprap materials to better perform to fit the purpose of the project.  
Engineering judgement should be incorporated into the section geometry, and additional hydrodynamic modeling 
can be used to simulate variable designs geometries.  Typical section shapes use a generally trapezoidal shaped 
with sloping fore- and backslopes, whereby backslopes are typically flatter; in this configuration the top width is 
less than the bottom width.  This requires additional excavation in order to accommodate the bottom width; as the 
temporary excavation slopes reach out and beyond the structure footprint creating a volume of material that 
needs to be backfilled.  In some situations, the trapezoid shape can be inverted for the full structure or in order to 
establish a keyway.  In this situation, the top width is wider than the bottom width, which then reduces or even 
eliminates additional excavation and backfill because the temporary excavation slope and limits (for the structure 
or the keyway) essentially matches the structure (or keyway) dimensions and the corresponding total volume of 
the excavation is filled with the primary structure material.  The final structure cross-section geometry needs to be 
determined to best fit the site conditions and project requirements. 

2.3 Riprap Materials 
A range of materials can be used to construct bendway weir structures, but we expect that some combination of 
local oversized rounded to sub-rounded and/or angular riprap will be used.  Review of other existing bank 
protection projects near the project sites was completed by Golder, see Attachment C for a summary of the 
results and more details on the observed riprap materials.  Example designs corresponding to Maine DOT 
projects are provided in Attachment D, along with riprap specifications provided in Attachment E.  These 
references and specifications will be incorporated into the design, where applicable. 

3.0 CONCLUSIONS 
Layout, configuration, and dimensions for typical bendway weir structures varies widely and is dependent on the 
site specific conditions.  While technical references provide examples for various structure dimensions and layout 
configurations, previous experience designing and building bendway weir structures combined with applicable 
and engineering expertise judgment is critical to developing a plan that is fit for purpose.  Technical reference 
information should not be used as absolute conditions for design, and referenced only as guidance; and 
engineering judgment used to select final design parameters.  Additionally, new hydrodynamic modeling tools that 
incorporate 2-dimensional analytical methods can be very useful in developing simulations of proposed design 
concepts, to further support final detailed design. 

 

 

  
  

 
 



Project File Project No.  1659907.4 

MaineDOT September 5, 2017 

 

 

 

 
 11 

4.0 REFERENCES 
Colorado State University. (2017). www.engr.colostate.edu, Colorado State University, on-line content, accessed 
September. 

Julien and Duncan. (2003). “Optimal Design Criteria of Bendway Weirs from Numerical Simulations and Physical 
Model Studies”, Colorado State University, Civil Engineering, March 17. 

NEH. (2007). “Flow Changing Techniques”, National Engineering Handbook (NEH), Technical Supplement 14H, 
Part 684, August. 

Thornton, C, S. Abt, D. Baird, and R. Padilla (2007) “Hydraulic of Bendway Weirs”, River Basin Management, WIT 
Transactions on Ecology and the Environment, Vol 104. 

 
https://golderassociates.sharepoint.com/sites/106608/project files/6 deliverables/final report/appendix/appendix k techmemo_basisofdesign/1659907-tm-rev0-allagash_st.francis_bod-
032219.docx 

 
 
 



 

 

ATTACHMENT A 

Site Geology 



Project File Project No.  1659907.4 

MaineDOT September 5, 2017 

 

 

 

 
 1 

Site Geology – St. Francis 
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Typical Geologic Section – St. Francis 

 
 
Typical Geology – Allagash 
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Typical Geologic Cross-section – Allagash 

 
 



 

 

 
 
 
 
 

ATTACHMENT B 

Site Erosion Trends 
 
 
 



####
####
####

####

########

####

####

####

####

####

Allagash, MaineMaineDOT

  
TITLE

PROJECT NO. REV.

PROJECTCLIENT

CONSULTANT

PREPARED

DESIGNED

REVIEWED

APPROVED

YYYY-MM-DD

CJS 1
CJS 2 CJS 3

0

FEET

30 60

1'' = 30'

CJS 4CJS 5

CJS 6

0 to 3' Fill

-3' to 0' Cut
-7' to -3' Cut

3' to 6' Fill

LEGEND

-7 to -4 FEET OF CUT

-4 to 0 FEET OF CUT

0 to 4 FEET OF FILL

4 to 7 FEET OF FILL

SUBSURFACE PROFILE SECTION LINE

NO CHANGE IN ELEVATION



0
1 

in

####
####
####

####

########

####

####

####

####

####

ST. FRANCIS, MAINEMAINEDOT

  
TITLE

PROJECT NO. REV.

PROJECTCLIENT

CONSULTANT

PREPARED

DESIGNED

REVIEWED

APPROVED

YYYY-MM-DD

Pa
th

: \
\m

an
ch

es
te

r\c
ad

d\
D

ra
w

in
gs

\2
01

6\
16

59
90

7 
M

ai
ne

D
O

T\
St

 B
_S

t. 
Fr

an
ci

s,
 M

E\
  |

  F
ile

 N
am

e:
 1

65
99

07
B0

04
.d

w
g

IF
 T

H
IS

 M
EA

SU
R

EM
EN

T 
D

O
ES

 N
O

T 
M

AT
C

H
 W

H
AT

 IS
 S

H
O

W
N

, T
H

E 
SH

EE
T 

SI
ZE

 H
AS

 B
EE

N
 M

O
D

IF
IE

D
 F

R
O

M
: A

N
SI

 D

CJS-3

CJS-1

CJS-2

0

FEET

5 10

1'' = 5'

CJS-5

CJS-4

-4' to 0' Cut

-7' to -4' Cut0' to 4' Fill

-7' to -15' cut

LEGEND

-15 to -7 FEET OF CUT

-7 to 4 FEET OF CUT

4 to 7 FEET OF FILL

7 to 15 FEET OF FILL

SUBSURFACE PROFILE SECTION LINE

NO CHANGE IN ELEVATION

-4 to 0 FEET OF CUT

0 to 4 FEET OF FILL



 

 

ATTACHMENT C 

Review of Riprap in Project Areas 
 
 
 



0
1 

in

165-9907
PHASE FIGUREPROJECT NO.

PROJECTCLIENT

IF
 T

H
IS

 M
EA

SU
R

EM
EN

T 
D

O
ES

 N
O

T 
M

AT
C

H
 W

H
AT

 IS
 S

H
O

W
N

, T
H

E 
SH

EE
T 

SI
ZE

 H
AS

 B
EE

N
 M

O
D

IF
IE

D
 F

R
O

M
: A

N
SI

 A

CONSULTANT

PREPARED

DESIGNED

REVIEWED

APPROVED

YYYY-MM-DD

GEOTECHNICAL AND HYDROTECHNICAL SLOPE STABILIZATION EVALUATION
STATE ROUTE 161 UNSTABLE SLOPES ADJACENT TO THE ST. JOHN RIVER
ALLAGASH AND ST FRANCIS, MAINE WIN 17236.00

MAINE DEPARTMENT OF TRANSPORTATION
16 STATE HOUSE STATION
AUGUSTA, MAINE 04333-0016

B.1

TITLE2019-03-06
CJS Nearby Riprap Slope Locations
JDL
MSP

SKB



March 2019 165-9907 

Appendix B – Riprap Slope Photographs 

 
 

 1/8 
 

SITE A – PHOTO A1 
Description: 
Existing rip rap slope placed between Rt. 
161 and Allagash River, Allagash.  
Observations: 

• Slope Height 20-25 ft (vertical) 
• Slope Angle: ~35° (~1V:1.5H) 
• Rip-Rap: Heavy, 3’x1’x1’ typical, and 

smaller (phyllite/slate/metagraywacke) 

 
Photo Orientation: 
View to east from N47° 05’ 21.89”/W069° 
03’ 13.80” (intersection of Rt. 161 and Inn 
Road). 
 
Photo Date: 
9/27/2016 

 

SITE A – PHOTO A2 
Description: 
View downslope showing rip-rap.  Note 
alluvial sediments between slope toe and 
edge of river, and driftwood at toe. 
 
Photo Orientation: 
View to south at N47° 05’ 19.17”/W069° 
03’ 03.88”. 
 
Photo Date: 
9/16/2016  
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SITE A – PHOTO A1 
Description: 
View to east showing rip-rap.  Note 
horizontal grass covered crest of slope. 
 
Photo Orientation: 
View to east at N47° 05’ 19.28”/W069° 
03’ 03.64”. 
 
Photo Date: 
9/27/2016 

 

SITE B – PHOTO B1 
Description: 
Existing rip rap slope placed between Rt. 
161 and St. John River, St. Francis.  
Observations: 

• Slope Height 16.5 ft (vertical) 
• Slope Angle: ~27° (~1V:2H) 
• Rip-Rap: Heavy, up to 5’x3’x1’, most 

light 2’x1.5’x0.75’ and smaller 
(phyllite/slate/metagraywacke) 

• Rip-Rap Thickness: 4’+ 
 
Photo Orientation: 
View to west from N47° 06’ 29.92”/W068° 
56’ 59.82”. 
 
Photo Date: 
9/27/2016 
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Site B – PHOTO B2 
Description: 
View of rip-rap slope.  Note driftwood 
located within 5’ from crest of slope, and 
suspected light rip-rap that has migrated 
downslope.   
 
Photo Orientation: 
View to northwest from N47° 06’ 
29.92”/W068° 56’ 59.82”. 
 
Photo Date: 
9/27/2016  

Site B – PHOTO B3 
Description: 
View of rip-rap slope conditions. 
   
Photo Orientation: 
View to west from N47° 06’ 29.92”/W068° 
56’ 59.82”. 
 
Photo Date: 
9/27/2016 
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SITE C – PHOTO C1 
Description: 
Existing rip rap slope placed between Rt. 
161 and St. John River, St. Francis.  
Observations: 

• Slope Height 25-30 ft (vertical) 
• Slope Angle: ~33° (~1V:1.5H) 
• Rip-Rap: Heavy, up to 2.5’x2’x1’, most 

light 1.5’x1’x0.75’ and smaller (mostly 
metagraywacke) 

• Rip-Rap Thickness: 4’+ 
• 100ft+ to from toe of slope to edge of 

river 
 
Photo Orientation: 
View to west from N47° 07’ 15.11”/W068° 
55’ 51.21”. 
 
Photo Date: 
9/27/2016 

 

SITE C – PHOTO C2 
Description: 
Rip rap slope conditions. Estimated age 
of trees ~10 years.  Note driftwood 
located at about midslope. 
 
Photo Orientation: 
View to west from N47° 07’ 15.07”/W068° 
55’ 52.29”. 
 
Photo Date: 
9/27/2016  
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SITE C – PHOTO C3 
Description: 
Close up view of rip rap.  Note less platy 
nature of this rip rap compared with Site A 
and B rip rap.  Field book for scale. 
 
Photo Orientation: 
View to west from N47° 07’ 15.58”/W068° 
55’ 51.52”. 
 
Photo Date: 
9/27/2016  

SITE D – PHOTO D1 
Description: 
Existing rip rap slope placed between Rt. 
161 and St. John River, St. John.  
Observations: 
• Slope Height 35-40 ft (vertical) 
• Slope Angle: ~27° (~1V:1.75H) 
• Rip-Rap: Heavy, up to 3’x2’x1’, most 

light 1’x1’x0.5’ and smaller 
(phyllite/slate/metagraywacke) 

• Rip-Rap Thickness: 3.5-4’ 
• Slope toe at river edge 
 
Photo Orientation: 
View to west from N47° 14’ 13.24”/W068° 
42’ 19.02”. 
 
Photo Date: 
9/27/2016 
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SITE D – PHOTO D2 
Description: 
View downslope at east end.  Note rip-rap 
blocks sitting just upstream of exposed 
bedrock at river edge. 
 
Photo Orientation: 
View to north from N47° 14’ 13.24”/W068° 
42’ 19.02”. 
 
Photo Date: 
9/27/2016  

SITE D – PHOTO D3 
Description: 
Disintegrated rip-rap block (slate/phyllite).  
Field book for scale.   
 
Photo Orientation: 
Upper end of slope at N47° 14’ 
13.24”/W068° 42’ 19.02”. 
 
Photo Date: 
9/27/2016 
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SITE D – PHOTO D4 
Description: 
View of midslope conditions.  Driftwood/ 
debris noted at midslope elevation.   
 
Photo Orientation: 
View to west from N47° 14’ 13.24”/W068° 
42’ 19.02”. 
 
Photo Date: 
9/27/2016 

 

SITE E – PHOTO E1 
Description: 
Existing rip rap slope placed at new Ft. 
Kent, ME - Clair, NB international bridge 
over St. John River.  Observations: 

• Slope Height ~15-20 ft (vertical) 
• Slope Angle: ~27° (~1V:1.75H) 
• Rip-Rap: Light, mostly 1.5’x1.5’x1’ 

and smaller (metalimestone) 
• Rip-Rap Thickness: unknown 
• Slope toe at river edge 
 
Photo Orientation: 
View to northeast from N47° 14’ 
55.83”/W068° 36’ 08.29”. 
 
Photo Date: 
9/27/2016 
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SITE E – PHOTO E2 
Description: 
View to southwest of rip rap placed at 
northeast corner of southeast bridge 
abutment. 
 
Photo Orientation: 
View to southwest from N47° 14’ 
55.83”/W068° 36’ 08.29. 
 
Photo Date: 
9/16/2016  

SITE E – PHOTO E3 
Description: 
Close up of metalimestone rip rap blocks.  
Note general equigranular nature of rip 
rap blocks and coarseness of broken rock 
surfaces.  Motel keys for scale. 
 
Photo Orientation: 
Crest of slope at N47° 14’ 55.83”/W068° 
36’ 08.29. 
 
Photo Date: 
9/27/2016  
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1.0 INTRODUCTION 
Golder Associates Inc (Golder) was requested by the Maine Department of Transportation (MaineDOT) to provide 
hydraulic engineering services for assessment and design support for slope stabilization for two sites adjacent to 
State Route 161 between the roadway and the St. John River.  One site is along roughly an 800-foot segment of 
State Route 161 in St. Francis and the second site is about a 550-foot portion of the roadway in the town of 
Allagash.  The Allagash slope segment is positioned at the confluence of the Allagash River and the St. John 
River.  The St. Francis slope segment is located on the St. John River approximately 12 miles downstream of 
Allagash site and directly downstream of a valley constriction that occurs just downstream of the confluence of the 
St. Francis River and the St. John River.   

This memorandum builds on previous technical work defining the existing conditions hydrologic (Golder 2019a) 
and hydraulic modelling, Basis of Design (BOD) (Golder 2019b) and 2-dimensional (2D) hydrodynamic modeling 
of alternative configurations at the sites (Golder 2019c) and provides a brief summary of the proposed mitigation 
measures using installation of bendway weirs.  This memorandum is organized into the following sections: 
preliminary modeling results, typical hydraulic sections, prelim riprap estimates, prelim scour estimates, 2D 
modeling to support structure designs, typical profiles/sections, and conclusions.  

2.0 PRELIMINARY MODEL RESULTS 
A 1-dimensionional (1D) Hydrological Engineering Center River Analysis System (HEC-RAS) model was 
developed to look at expected hydraulic conditions (i.e. velocity, flow depth, flow width, water surface elevations, 
etc) for the two sites, the results are summarized in Table 2-1. 
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Table 2-1: HEC-RAS Results for the 100-year Event at Site Surveyed Cross-Section 

Site Condition Water Surface 
Elevation (feet 
NAVD 88) 

Maximum 
Channel Depth 
(feet) 

Channel 
Velocity (feet 
per second) 

Allagash 

 

Without Ice 594.77 18.90 6.85 

With Ice 605.49 29.62 3.89 

St. Francis 

 

Without Ice 541.66 21.13 9.21 

With Ice 554.34 33.81 5.41 

 

The two dimensional (2D) TUFLOW (BMT 2017) model results (Attachment A) previously developed were 
compared with the 1D results; the velocities were slightly higher, likely because the maximum velocity is reported 
instead of the velocity in the channel area (as defined in HEC-RAS), and the 2D modeling showed water levels 
approximately 1-foot higher, likely due to variations in bathymetric data.  In general, the results compared well, 
and within expected range of variation. 

2.1.1 Typical Hydraulic Sections 
Using the results from the modeling, typical sections were developed that provide guidance on key river and flood 
levels.  Refer to Attachment B for schematics showing the 2-year and 100-year (with and without ice cover) 
elevations. 

2.2 Preliminary Riprap Calculations 
Based on the modeling results discussed in the previous section, preliminary riprap sizing calculations were 
developed using methods developed for bank protection designs.  These preliminary calculations can be used for 
proposed bank armoring at the two sites, and as an analog for riprap material sizing for the bendway weir 
structures.  Final determination of riprap material sizing for the bendway weirs will be completed later in final 
design.  With considering ice (factor of safety set to 2.0), the rock size for Allagash results in a median diameter 
(D50) = 14 inches and St Francis the D50 = 33 inches.  Refer to Attachment C for calculation details. 

2.3 Scour 
Scour estimated were developed using the modeling information.  Refer to Attachment D for calculation 
summaries.  The results are presented in Table 2-2.  
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Table 2-2: Summary of Scour Results 

Method 

100-year Bend Scour Depth (ft) 

Allagash St Francis 

FHWA Method 5.7 13.1 

USBR Method 6.6 6.5 

Average Scour Depth 6.2 9.8 

 

3.0 2D MODELING TO SIMULATE BENDWAY WEIR STRUCTURES 
A more detailed summary of modeling of proposed bendway weir structures is addressed under a separate 
technical memorandum (Golder 2019a and 2019b).  The following provides a brief summary, supporting 
development of the preliminary design work.  Modelling extents cover approximately a fifteen mile stretch of the 
St. John River with the Allagash reach covering 1.9 miles and the St. Francis reach covering 1.7 miles (Figures  
3-1 and 3-2, respectively).  A Manning’s n-value of 0.027 was selected for the main and side channels and an 
overbank value of 0.040 was selected for the floodplain.  These roughness values were determined from aerial 
and site visit photographs.  Models were analyzed for the 2- and 100-year annual exceedance probability events 
of 58,000 and 68,000 cubic feet per second (cfs) for the Allagash site and 68,000 and 156,000 cfs for the St. 
Francis site.   

2D TUFLOW models were developed in order to resolve hydraulic conditions at a more granular scale throughout 
the project areas, to better represent the anticipated complex flow dynamics.  2D models are grid-based and 
report results for each cell within the grid, allowing for review of hydraulic conditions laterally as well as 
longitudinally within and between section locations.  The 2D TUFLOW models were developed for a variety of 
proposed bendway weir conditions.  The models were run with a grid cell size of 10 feet by 10 feet.  A time step of 
2 seconds was used for both the Allagash St. Francis sites.  The downstream water surface elevation (WSE) 
boundary condition determined from a previous 1D HEC-RAS model of the sites.  For the models, the bendway 
weirs were incorporated as variable 2D Z-lines.  
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Figure 3-1: Allagash Site TUFLOW Model Extents 

 
Figure 3-2: St. Francis Site TUFLOW Model Extents 

3.1 Model Iterations 
A variety of bendway weir structure iterations were run at each unstable slope project site for a variety of weir 
numbers, placements, widths, heights, and orientations.  The general layout details are summarized in Table 3-1, 
and the details for each structure are shown on the sections sheet in Attachment G. 
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Table 3-1: Summary of Typical Bendway Weir Dimensions 

 

Refer to detailed layouts (Attachments E, F and G), as referenced below for each site, for the proposed 
preliminary design configuration of the bendway weirs.  In general, the leading upstream end of the structures 
includes a shorter length bendway weir that acts as a transition to the following structures, which are longer in 
length.  There is also a shorter length structure at the downstream end, again to act as a transition back to the 
native bank line downstream of the project.  The primary structures placed along the bank are uniform length and 
orientation (angle measured off the upstream bank line).  Spacing between structures ranges from approximately 
100-200 feet apart, depending on the simulated performance off the structures.  The top elevation of structures 
was established around the 2-year flood level.  Note that the top elevation may vary, depending on bathymetric 
elevations as they may vary, or in order to target defined scour conditions and/or up- or downstream impacts.  
The typical sections shown in Attachment G show examples where the bendway weirs are set at or above the bed 
elevations, where the structures are set lower in elevation due to changes in bathymetry, or where they are set 
lower in order to only engage if subjected to targeted scour conditions.  Refer to the following sections for more 
detailed discussion of dimensions at each site. 

3.1.1 Allagash 
Based on review of the results, a preliminary design layout for each site was developed for the Allagash site 
consisting of 10 bendway weirs; the middle eight bendway weirs were set at a length of approximately 86 feet and 
offset from the upstream river bank by approximately 60 degrees; the most upstream and most downstream 
structures were set at a length of approximately 40 feet with the same orientation angle.  The top elevation varies 
between 588 to 589 feet in elevation (approximately the WSE for the 2-year flood event).  Bendway weirs were 
spaced 100 feet apart on the most downstream and upstream weirs, with the second through fourth structures 
(upstream to downstream) being spaced approximately 200 feet apart, and the remainder being spaced 
approximately 150 feet apart. Refer to Attachment E for typical plan view layouts for the bendway weirs at the 
Allagash site, and Attachment G for typical profile and sections (e.g. below, at, or above bed elevations) for the 
structures.   

3.1.2 St. Francis 
The final iteration for the St. Francis site consisted of 6 bendway weirs. The middle four bendway weirs were set 
at a length of 80 to 90 feet at a 60-degree angle off the upstream bank line.  The most upstream and most 
downstream structures were set at a length of approximately 40 feet and also maintained a 60-degree upstream 
orientation from the bank line.  All structures were set to a width of 40 feet and varied between 535.5 to 536.0 feet 
in elevation (approximately the WSE for the 2-year flood event).  Bendway weirs were spaced 100 feet apart on 
the most downstream and upstream weirs, with the remainder being spaced 250 feet apart.  Refer to Attachment 

Length (ft)
Upstream 

Slope (XH:1V)
Downstream 
Slope (XH:1V)

Top Width 
(ft)

Oprientation 
(degrees  away 
from upstream 

bank line)

Spacing (ft)

40-90 (1) 1 2 10 60 100-200 (2)

1) ~40 ft at up- and downstream ends of project sites as transitions to longer primary 
structures, and primary structures are approximately 80-90 feet in length.
2) Sapcing for up- and downstream transition structures is approxiamtely 100 ft, spacing 
of primary structures ranges from approximately 100-200 ft.

Notes:
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F for typical plan view layouts for the bendway weirs at the St. Francis site, and Attachment G for typical profile 
and sections (e.g. below, at, or above bed elevations) for the structures. 

4.0 PRELIMINARY EXISTING VERSUS PROPOSED COMPARISON 
The 2D TUFLOW model was used to assess potential changes in hydraulic conditions for the existing versus 
proposed bendway weir layouts.  Figure 4-1 and 4-2 show the change in velocity and water surface elevations 
(respectively) from existing to prosed conditions for the Allagash site.  Figure 4-3 and 4-4 show the change in 
velocity and water surface elevations (respectively) from existing to prosed conditions for the St. Francis site.   

The results show that some changes in hydraulic parameters may occur, but the changes are within expected 
values. Changes in velocities increase in a range of approximately 0.2 to 1 feet per second (fps) in the main 
channel for both sites, and decrease to backwater conditions in between the bendway weirs (as expected). 
Changes in water surface elevations increase by a range of 0.02 and 0.2 feet upstream and decrease by a range 
of approximately 0.01 to 0.19 feet downstream of the installed structures for both sites.  In general, the changes 
are very small relative to overall 100-year flood depth of 16.8 feet and 22.3 feet for the Allagash and St. Francis 
sites, respectively. 

 

Figure 4-1: Allagash - Change in velocity from base conditions (fps)  
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Figure 4-2: Allagash - Change in water surface elevation from base conditions (feet)  

 

Figure 4-3: Francis - Change in velocity from base conditions (fps)  
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Figure 4-4: Francis - Change in water surface elevation from base conditions (feet) 

Note that modeling results reported in this Section 4, and in other supporting technical memorandums, reported 
results from the modeling that are absolute values, representing direct output from the analyses and 
demonstrating trends in the targeted hydraulic conditions.  While absolute values listed for elevations (for 
example) of 1 foot or less are determined by these models, there may be some varying range in the results that is 
inherent to this type of analyses (i.e. the typical range of error that comes with modeling) that is likely less than or 
on par with these absolute values.  The intent of this analysis was to identify trends in the existing and proposed 
conditions relative to the proposed in-channel work, to support the overall design, to highlight where possible 
issues may need to be further assessed or investigated, and to confirm that results and outputs of the modeling 
makes sense and present logical conclusions that fit expected site hydrologic, hydraulic, and geomorphic 
conditions.  These results may change or be modified based on new information, data, or assumptions. 
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5.0 CONCLUSIONS 
This technical memorandum summarized the preliminary design layouts for proposed bendway weir structures.  
These results will be incorporated with other on-going slope stability and bank armoring work being addressed 
under separate efforts, and a final and detailed engineering design development that best fit the purpose and 
needs of the project.  Further analysis, modeling, and detailed hydrotechnical engineering may change, update, 
modify the preliminary designs as presented herein. 

 
 

 
 

 
https://golderassociates.sharepoint.com/sites/106608/project files/6 deliverables/final report/appendix/appendix l techmemo_bendwayweirdesign/1659907-tm-rev0-allagash_st. francis_prelim 
design-032219.docx 

Attachments: 
Attachment A: Preliminary TUFLOW Modeling Results  
Attachment B: Preliminary Flood Sections  
Attachment C: Preliminary Riprap Calculations  
Attachment D: Scour Calculations  
Attachment E: Preliminary Allagash Typical Bendway Weir Plan View Layouts  
Attachment F: Preliminary St. Francis Typical Bendway Weir Plan View Layouts  
Attachment G: Preliminary Typical Bendway Weir Profile/Section Views 
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APPENDIX B 

Preliminary Flood Level Sections 
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APPENDIX C 

Preliminary Riprap Calculations 
 

 

 



PRELIM Riprap Revetment Design Calculations (100-year design event)
MaineDOT / Allagash Project
created by: SS
checked by: AQK

Allagash
St 

Francis
V_avg, Channel x-c average velocity (ft/s) 6.85 9.21

water surface elevation (ft) 594.77 541.66
channel invert (ft) 575.87 520.53

y, local depth of flow (ft) 18.9 21.13

bank slope (xH:1) 1.8 1.8
Θ, bank angle (degrees) 29.1 29.1
Θ, bank angle (radians) 0.51 0.51

K1, Side slope correction factor 0.82 0.82

Rc, Radius of curvature of channel bend (ft) 4000 4000
W, Width of water surface (ft) 700 1000

Rc/W 5.71 4.00
V_des, Characteristic velocity for design (ft/s) 9.22 13.14

Sf, safety factor 2 2
CS, stability coefficient 0.3 0.3

CV, veloctiy distribution coefficient 1.13 1.16
CT, blanket coefficient 1 1

V_des, Characteristic velocity for design (ft/s) 9.22 13.14
K1, Side slope correction factor 0.82 0.82

Sg, Specific gravity of riprap 2.65 2.65
g, gravitational acceleration (ft/s^2) 32.2 32.2

d_30, Particle size for which 30% is finer by weight (ft) 0.75 1.81

d_50, Particle size for which 50% is finer by weight (ft) 0.90 2.17

These calculations provide design guidance for sizing the rock for dumped riprap 
used for bank protection. The NCHRP study, Report 568 "Riprap Design Criteria, 
Recommended Specification, and Quality control" (Lagasse et al. 2006),  
evaluated numerous procedures for sizing revetment riprap, and recommends 
using the method developed by Maynord (1989, 1990) and published by the 
U.S. Army Corps of Engineers (USACE) as Engineering Manual No. 1110‐2‐1601 
(EM‐1601) (USACE 1991). The procedure uses both velocity and depth as its 

C:\Golder_temp\temp_alagash_06052017\tech memos\prelim design\Copy of Allagash_RiprapCalcs (002).xlsx1





APPENDIX D 

Scour Calculations 



Bend Scour Analysis (FHWA Method) ‐ Allagash Site
Maine DOT / Highway 161 Slope Stabilization at Allagash and St Francis
Created by: GK 11/18/2016
Checked by:  SJS 11/22/2016

 Reference for methodology:  HEC‐23 2nd Edition Chapter 4 & HEC‐23 1st Edition Chapter 4.3.5

100‐yr 500‐yr
Hydraulic Data

Cross‐section 4536.26 4536.26
Channel Top Width, W, ft 550 600

Cross  Sectional Area, sf 6000 7200
Hydraulic Depth, Y, ft 10.9 12.0

Max Chl Depth (ft) 16.5 19

Bend Scour
Dmxb/Dmnc = 1.8 ‐ 0.051* (Rc/W) + 0.0084 * (W/Dmnc)

age Depth of the Approach Section, Dmnc (ft) 10.9 12.0
Width of the Channel W (ft) 550.0 600.0

Radius of Curvature, Rc (ft) 2000.0 2000.0
Rc/W 3.6 3.3

W/Dmnc 50.4 50.0
Dmxb/Dmnc 2.04 2.05

Maximum Depth in the Bend, Dmxb (ft) 22.23 24.60
Existing Depth in the Bend, Db (ft) 16.50 19.00

Bend Scour, ys (ft) 5.7 5.6

Golder Associates

Allagash_ScourCalcs_rev2.xlsx Page 1 of 1



Scour Calculation (USBR Method) ‐ Allagash Site
Maine DOT / Highway 161 Slope Stabilization at Allagash and St Francis
Created by: GK 11/18/2016
Checked by:  SJS 11/22/2016

Hydraulic Conditions Proposed Crossing Locations based on HEC‐RAS Results
Cross Section 3 ‐ 301.57

Recurrence Interval Flow (cfs), Q
Min. Channel 
Elevation (ft)

Water Surface 
Height (ft) Max. Depth (ft) Velocity (ft/s)

2 58000 565.27 581.06 15.79 8.84
5 78000 565.27 583.17 17.9 9.78

10 92000 565.27 584.49 19.22 10.33
25 108000 565.27 585.81 20.54 10.97
50 120000 565.27 586.72 21.45 11.43

100 133000 565.27 587.67 22.4 11.89
500 163000 565.27 589.7 24.43 12.88

Summary of Scour Calculation Results (from below)

Recurrence Interval Flow (cfs), Q Niell (1973) Lacey (1930) Blench (1969)
Average Scour 

Depth 
2 68000 5.5 3.0 3.5 4.0
5 92000 6.8 3.3 4.2 4.8

10 108000 7.6 3.5 4.6 5.2
25 127000 8.6 3.7 5.1 5.8
50 141000 9.3 3.8 5.4 6.2

100 156000 10.1 3.9 5.8 6.6
500 191000 11.9 4.2 6.5 7.5

Calculation of Scour Depth using Neill (1973)
Variable Cross Section 1

Average Incised Channel Depth at Bankfull, di 9.94 Assume ~ 2‐yr flow
 Unit Discharge at Bankfull, qi 87.9 Assume ~ 2‐yr flow

 Exponent Factor, m 0.85 (50 mm grain size)
Multiplying Factor, Z 0.55 Straight Reach / Moderate Bend (See 

Cross Section 3 ‐ 283.77

Recurrence 
Interval Flow (cfs), Q

Design Flood Unit 
Discharge, qf 

(ft2/s)
Scour Depth Below 
Floodwater, df (ft)

Depth of Scour, 
ds (ft)

2 68000 87.9 9.9 5.5
5 92000 113.1 12.3 6.8

10 108000 129.8 13.8 7.6
25 127000 149.8 15.6 8.6
50 141000 165.1 17.0 9.3

100 156000 181.5 18.4 10.1
500 191000 219.0 21.6 11.9

Calculation of Scour Depth using Lacey (1930)
Variable Value

Reference for methodology:  The purpose of the below calculations are to estimate the potential vertica
and channel geometry. The first set of three calculations follow the empirical procedures outlined in USB



Bend Scour Analysis (FHWA Method) ‐ St Fracis Site
Maine DOT / Highway 161 Slope Stabilization at Allagash and St Francis
Created by: GK 11/18/2016
Checked by:  SJS 11/22/2016

 Reference for methodology:  HEC‐23 2nd Edition Chapter 4 & HEC‐23 1st Edition Chapter 4.3.5

100‐yr 500‐yr
Hydraulic Data

Cross‐section 4381.79 4381.79
Channel Top Width, W, ft 1100 1110

Cross  Sectional Area, sf 16940 19170
Hydraulic Depth, Y, ft 15.4 17.3

Max Chl Depth (ft) 21 23

Bend Scour
Dmxb/Dmnc = 1.8 ‐ 0.051* (Rc/W) + 0.0084 * (W/Dmnc)

age Depth of the Approach Section, Dmnc (ft) 15.4 17.3
Width of the Channel W (ft) 1100.0 1110.0

Radius of Curvature, Rc (ft) 4000.0 4000.0
Rc/W 3.6 3.6

W/Dmnc 71.4 64.3
Dmxb/Dmnc 2.21 2.16

Maximum Depth in the Bend, Dmxb (ft) 34.10 37.24
Existing Depth in the Bend, Db (ft) 21.00 23.00

Bend Scour, ys (ft) 13.1 14.2

Golder Associates

Allagash_ScourCalcs_rev2.xlsx Page 1 of 1



Scour Calculation (USBR Method) ‐ St Francis Site
Maine DOT / Highway 161 Slope Stabilization at Allagash and St Francis
Created by: GK 11/18/2016
Checked by:  SJS 11/22/2016

Hydraulic Conditions Proposed Crossing Locations based on HEC‐RAS Results
Cross Section 3 ‐ 283.77

Recurrence Interval Flow (cfs), Q
Min. Channel 
Elevation (ft) Water Surface Height (ft) Max. Depth (ft)

2 68000 518.06 532.05 13.99
5 92000 518.06 533.94 15.88

10 108000 518.06 535.09 17.03
25 127000 518.06 536.36 18.3
50 141000 518.06 537.24 19.18

100 156000 518.06 538.15 20.09
500 191000 518.06 540.11 22.05

Summary of Scour Calculation Results (from below)

Recurrence Interval Flow (cfs), Q Niell (1973) Lacey (1930) Blench (1969)
2 68000 5.1 3.0 3.1
5 92000 6.6 3.3 3.8

10 108000 7.5 3.5 4.2
25 127000 8.6 3.7 4.7
50 141000 9.4 3.8 5.0

100 156000 10.2 3.9 5.3
500 191000 12.0 4.2 6.0

Calculation of Scour Depth using Neill (1973)
Variable Cross Section 3

 Incised Channel Depth at Bankfull, di 9.36 Assume ~ 2‐yr flow
 Unit Discharge at Bankfull, qi 72.2 Assume ~ 2‐yr flow

 Exponent Factor, m 0.85 (50 mm grain size)
Multiplying Factor, Z 0.55 Straight Reach / Mode

Cross Section 3 ‐ 283.77

Recurrence Interval Flow (cfs), Q
Design Flood Unit 

Discharge, qf (ft2/s)
Scour Depth Below 
Floodwater, df (ft)

2 68000 72.2 9.4
5 92000 96.8 12.0

10 108000 113.1 13.7
25 127000 132.3 15.7
50 141000 146.3 17.1

100 156000 161.2 18.5
500 191000 195.5 21.8

Calculation of Scour Depth using Lacey (1930)
Variable Value

Reference for methodology:  The purpose of the below calculations are to estimate the potential ver
material, and channel geometry. The first set of three calculations follow the empirical procedures o
The publication outlines three methods estimating scour depths, based on research from Neill (1973
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Preliminary Allagash Typical 
Bendway Weir Plan View Layouts 
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Preliminary St. Francis Typical 
Bendway Weir Plan View Layouts 
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Preliminary Typical Bendway Weir 
Profile/Section Views 
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ALLAGASH SLOPE STABILIZATION
BENDWAY WEIR
ALLAGASH, MAINE

MAINE DEPARTMENT OF TRANSPORTATION

TYPICAL SECTIONS 

SCALE: A 1 IN-BANK SECTION LARGE - TYP. SCALE: A 3 IN-BANK SECTION SMALL - TYP.

SCALE: A 2 OUT-BANK SECTION LARGE - TYP. SCALE: A 4 OUT-BANK SECTION SMALL - TYP.

0

FEET

6 12

SCALE: A
1. FINAL CONFIGURATION AND LOCATION OF STRUCTURES AND ASSOCIATED WORK TO BE

DETERMINED BASED ON SITE CONDITIONS AT THE TIME OF CONSTRUCTION, AND AS
DIRECTED BY THE OWNERS REPRESENTATION.

NOTES

NOT FOR CONSTRUCTION
Bendway Weir Length (ft) Typical Section Upstream Slope

(XH:1V) Top Width (ft) Height (ft) Downstream Slope
(XH:1V) Bottom Width (ft) Orientation (Deg)1 Approx Riprap Volume (CY)

A-1 40 DETAIL 3 and 4 1 10 10 2 40 60 718

A-2 45 DETAIL 3 and 4 1 10 10 2 40 60 775

A-3 86 DETAIL 3 and 4 1 10 10 2 40 60 1481

A-4 86 DETAIL 3 and 4 1 10 10 2 40 60 1481

A-5 86 DETAIL 3 and 4 1 10 10 2 40 60 1481

A-6 86 DETAIL 3 and 4 1 10 10 2 40 60 1481

A-7 86 DETAIL 3 and 4 1 10 10 2 40 60 1481

A-8 86 DETAIL 3 and 4 1 10 10 2 40 60 1481

A-9 86 DETAIL 3 and 4 1 10 10 2 40 60 1481

A-10 40 DETAIL 3 and 4 1 10 10 2 40 60 689

SF-1 40 DETAIL 1 and 2 1 15 10 2 45 60 778

SF-2 86 DETAIL 1 and 2 1 15 10 2 45 60 1672

SF-3 86 DETAIL 1 and 2 1 15 10 2 45 60 1672

SF-4 86 DETAIL 1 and 2 1 15 10 2 45 60 1672

SF-5 86 DETAIL 1 and 2 1 15 10 2 45 60 1672

SF-6 40 DETAIL 1 and 2 1 15 10 2 45 60 778
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CALCULATIONS
Date: Made by: CJS

Project No.: Checked by: JDL

Subject: Reviewed by:

Project Short Title:

MSP

6) Preliminary analyses indicated seimic stability was unlikely to be an issue, so it was not evaluated for final design.

6.0  Calculation

Determine input parameters to build the soil model in Slide. Use field N values, existing soil slope angles, and local engineering experience to 
develop soil and riprap parameters. The field N values are shown on the boring logs (Reference 2). Table 6.1 below summarizes the material 
properties used in the slide models for the St. Francis and Allagash sites.

6/8/2018

1) Slide Output Figures

1.0  Purpose
Calculate global factor of safety for the slopes next to the road at existing conditions and proposed grades. Determine if ground stabilization is 
required.

2.0  Method
Use Slide slope stability analysis software to analyze global stability.

3.0  References
1) Bowles, Joseph E., (1982), "Foundation Analysis and Design," McGraw-Hill, Inc., pp 100.
2) Golder Associates boring logs, Report Appendix E.

6) Golder Internal Direct Shear Database titled "Golder internal DShrDatabase.xlsx"

St. Francis & Allagash Slope Stabilization

3) Rocscience Slide Software Package version 7.036, dated May 24, 2018.

4.0  Attachments

Global Stability Analysis

1659907

5) The geotextile interface is not included in the slide model due to limitations modeling the thinness of the layer. Based on a compilation of 
Golder's internal Direct Shear Database (Reference 6), the interface shear strength along the geotextile is anticipated to be greater than the 
interface strength between the cushion and reworked fill. Therefore, the model is conservatively modeled without the geotextile. However, 
Golder recommends conducting interface shear testing between the cushion material and the geotextile prior to construction to confirm this 
assumption.

7) Steady state ground water conditions are based on field observations and measurements at the time of drilling. The rapid drawdown 
scenario is intended to simulate an ice jam and assumes that the river and groundwater have risen to the 100 year flood elevation followed by 
a release of the ice jam. When the ice jam has released the river is level is assumed to drop while the groundwater table stays elevated. We 
have assumed that drainage layers drain the fill, cushion and rip rap at the same rate that the river drops (i.e. free draining).

4) Holtz, Robert D. and Kovacs, William D., "An Introduction to Geotechnical Engineering," Prentice-Hall, Inc., Upper Saddle River, New 
Jersey, 1981.

4) The rip rap and cushion layers are free draining.
3) Final design slopes are installed at 1.75H:1V with material layering and subsurface benching as shown in the design drawings (Figure 2).

2) Cohesive layers (at St. Francis) are assumed to exhibit fully undrained behavior (φ' = 0). Coarse grained soils are assumed to exhibit fully 
drained behavior (c' = 0).

5.0  Assumptions
1) The load applied by the road and traffic is modeled at 250 psf.

8) The 100 year flood elevation for St. Francis is at 554 ft. and the 100 year flood elevation for Allagash is 606 ft.

6.1 Material Properties

P:\Projects\2016\1659907 MaineDOT Allagash Slope Stabilization Design\600 Calculations\Slope Stability\Calc Package\19.03.01 Slide Package.xlsx1
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Project Short Title:

MSP

6/8/2018

St. Francis & Allagash Slope Stabilization

Global Stability Analysis

1659907

Material Name Unit Weight 
(pcf) Strength Type Cohesion

(psf)
Friction Angle 

(°)

Riprap 140 Mohr-Coulomb 0 42

Structural Fill 120 Mohr-Coulomb 0 34

Grubbing 120 Mohr-Coulomb 50 32

Cushion 125 Mohr-Coulomb 0 34

Alluvium 120 Mohr-Coulomb 0 32

Glacial Stream Deposit 120 Mohr-Coulomb 0 37

Glacial Lake Bottom 
Deposit 120 Mohr-Coulomb 1500 0

Ablation Till 130 Mohr-Coulomb 0 39

Material Name Unit Weight 
(pcf) Strength Type Cohesion

(psf)
Friction Angle 

(°)

Riprap
140 Mohr-Coulomb 0 42

Structural Fill 120 Mohr-Coulomb 0 34

Grubbing 120 Mohr-Coulomb 50 32

Cushion 125 Mohr-Coulomb 0 34

Alluvium 120 Mohr-Coulomb 0 32

Glacial Stream Deposit 120 Mohr-Coulomb 0
38

Ablation Till 130 Mohr-Coulomb 0 39

Based on observed SPT blow counts and exisiting 
slope angles assuming FS~=1
Based on observed SPT blow counts and exisiting 
slope angles assuming FS~=1

Assumed properties

Based on local engineering experience for specified 
material
Based on DCP testing results and local experience 
with rounded river gravels
Based on observed SPT blow counts and exisiting 
slope angles assuming FS~=1

Comments

Based on local engineering experience, and 
assumption that reworked native fill will have less 
strength than the undisturbed material

6.2 Groundwater Conditions
For both St. Francis and Allagash, the water levels for the stability models are based on the observed water levels during the drilling program. 
The initial conditions and the final design slopes were also analyzed under rapid drawdown conditions where the initial water table was set to 
the 100 year flood elevations (elevation 540 ft. for St. Francis and elevation 606 ft. for Allagash) and the post drawdown water table was the 
water levels observed during drilling

Comments

Based on local engineering experience for specified 
material
Based on local engineering experience, and 
assumption that reworked native fill will have less 
strength than the undisturbed material

Based on pocket penetrometer readings, SPT blow 
counts, and field observations
Based on observed SPT blow counts and exisiting 
slope angles assuming FS~=1

Table 6.2: Allagash Material Properties

Based on local engineering experience for specified 
material

Based on local engineering experience for specified 
material
Based on DCP testing results and local experience 
with rounded river gravels

Assumed properties

Table 6.1: St. Francis Material Properties

P:\Projects\2016\1659907 MaineDOT Allagash Slope Stabilization Design\600 Calculations\Slope Stability\Calc Package\19.03.01 Slide Package.xlsx2
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6/8/2018

St. Francis & Allagash Slope Stabilization

Global Stability Analysis

1659907

Use the soil layer parameters above to analyze the following scenarios:

Figure # Site Section Station FS
AL-1 1.29
AL-2 1.34
AL-3 1.30
AL-4 1.33
AL-5 1.29
AL-6 1.33
AL-7 1.30
AL-8 1.30
SF-1 1.30
SF-2 1.30
SF-3 1.40
SF-4 1.40
SF-5 1.26
SF-6 1.34
SF-7 1.25
SF-8 1.43

Rapid Drawdown
Steady State

Steady State
Rapid Drawdown

Steady State
Rapid Drawdown

Steady State

109+38

111+38

112+38

5+78

GW Case
Rapid Drawdown

Steady State
Rapid Drawdown

Steady State
Rapid Drawdown

Steady State
Rapid Drawdown

Steady State
Rapid Drawdown

8+78

11+28

13+78

2

8

13

17

The results of the Slide stability analyses are summarized in the following tables. Table 7.1 is a summary of the St. Francis results and Table 
7.2 is a summary of the Allagash results.

Allagash

2

5

9

11

107+88

2) Representative St. Francis slope sections under the following conditions: 
          - Initial conditions with normal water table and rapid drawdown
          - Final riprap slope condition with normal water table and rapid drawdown

6.3 Slope Conditions Analyzed

● Proposed stabilized river slopes analyzed are stable against global stability failures and indicate FS>1.3 for normal water level and FS>1.1 
for rapid drawdown case, as detailed.
● Construction conditions (i.e. setback requirements for loads [equipment, material stockpiles, etc.] at crest, temporary access roads on the 
slope, and toe of slope excavations for riprap)  warrant further analyses during PS&E phase, or prior to construction when the construction 
strategy is understood.

7.0  Results

1) Representative Allagash slope sections lunder the following conditions:
          - Initial conditions with normal water table and rapid drawdown
          - Final riprap slope condition with normal water table and rapid drawdown

8.0 Conclusion and Recommendations

St Francis

P:\Projects\2016\1659907 MaineDOT Allagash Slope Stabilization Design\600 Calculations\Slope Stability\Calc Package\19.03.01 Slide Package.xlsx3
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TABULATION.

COMPARABLE CORRUGATED SIZES SEE THE DRAINAGE 

CROSS SECTIONS ARE FOR SMOOTHLINED PIPES.  FOR 

THE CULVERT SIZES SHOWN ON THE PLANS AND 14.

OR DIRECTED BY THE RESIDENT.

RIPRAPPED UNLESS OTHERWISE NOTED ON THE PLANS 

INLETS AND OUTLETS OF ALL CULVERTS SHALL BE 13.

RESIDENT.

REMOVED OR PLUGGED WITHOUT PRIOR APPROVAL OF THE 

NO EXISTING DRAINAGE SHALL BE ABANDONED, 12.

APPROPRIATE PAY ITEMS.

CLEANED AS DIRECTED BY THE RESIDENT UNDER THE 

EXISTING CULVERTS AND CATCH BASINS WILL BE 11.

THE FILL MATERIAL ALONG WITH THE MATERIAL REMOVED.

SUFFICIENT WIDTH TO PERMIT PLACING AND COMPACTING 

SHALL BE BENCHED BY EXCAVATING STEPS OF 

EXISTING INSLOPES IN PROPOSED FILL AREAS 10.

SPECIFICATION 703.19.

UNDERWATER BACKFILL AS SPECIFIED IN STANDARD 

REQUIREMENTS FOR GRANULAR BORROW MATERIAL FOR 

WATER LEVEL OR OLD GROUND SHALL MEET 

EXCAVATION OR IN LOW WET AREAS TO 1 FOOT ABOVE 

GRANULAR BORROW USED TO BACKFILL MUCK 9.

DITCH PROTECTION MAY BE ALTERED BY THE RESIDENT.

PURPOSES ONLY.  THE ACTUAL TYPE AND LOCATION OF 

OR IN THE CONSTRUCTION NOTES IS FOR ESTIMATING 

REQUIRED DITCH PROTECTION SHOWN ON THE PLANS 8.

AREAS SHALL BE CONSIDERED INCIDENTAL.

RESIDENT.  GRADING, SEEDING AND MULCHING OF WASTE 

ACCEPTABLE WASTE AREAS REVIEWED BY THE 

SHALL BE DISPOSED OF OFF THE PROJECT IN 

ALL WASTE MATERIAL NOT USED ON THE PROJECT 7.

PAID FOR AT THE CONTRACT UNIT PRICE.

MATERIAL HAS BEEN UTILIZED. SEED AND MULCH WILL BE 

IS NOT AUTHORIZED UNTIL ALL ACCEPTABLE WASTE 

UNDER APPROPRIATE EQUIPMENT RENTAL ITEMS. BORROW 

SURFACE IS PLACED. THE CONTRACTOR WILL BE PAID 

INSLOPE OR AS DIRECTED BY THE RESIDENT BEFORE 

MATERIAL SHALL BE GRADED TO MATCH THE EXISTING 

GREATER THAN THE SURFACE PAVEMENT THICKNESS.  THE 

ALL PAVEMENT EDGES TO ALLOW A DROP OFF NO 

OR OTHER MATERIAL ACCEPTABLE TO THE RESIDENT ON 

THE CONTRACTOR SHALL PLACE SUITABLE EXISTING 6.

SHOULDER PAVEMENT. 

PROJECT THERE IS NO DROP-OFF FROM THE EDGE OF 

WORK ACCORDINGLY SO THAT UPON COMPLETION OF THE 

THE CONTRACTOR SHALL PLAN AND CONDUCT THEIR 5.

DIRECTED BY THE RESIDENT.

GRADED AS SHOWN ON THE TYPICALS OR FLATTER, OR AS 

ALL INSLOPE AND DITCHES IN CUT AREAS SHALL BE 4.

THE APPROPRIATE CONTRACT ITEMS.

AREAS OR DISPOSED OF. PAYMENT WILL BE MADE UNDER 

THE EDGES OF SHOULDERS AND PLACED IN DESIGNATED 

UNSUITABLE EXCESS MATERIAL SHALL BE REMOVED FROM 

WHERE DEEMED NECESSARY BY THE RESIDENT, 3.

THE RESIDENT. 

MAY VARY BASED ON FIELD CONDITIONS AS DIRECTED BY 

ESTIMATING PURPOSES ONLY. ACTUAL GRUBBING LIMITS 

LIMITS ARE APPROXIMATE AND HAVE BEEN USED FOR 

CROSS SECTIONS AND THE QUANTITIES NOTED. THESE 

GRUBBING IN FILL AREAS HAS BEEN SHOWN ON THE 2.

BY THE RESIDENT.  

SHOWN ON THE PLANS UNLESS OTHERWISE AUTHORIZED 

PARALLEL TO THE CONSTRUCTION SLOPE LINES OR AS 

CLEARING LIMITS SHALL BE 10 FEET BEYOND AND 1.

DETERMINED BY THE RESIDENT.

  UNDETERMINED LOCATIONS   SHALL BE 28.

UNDER THE EQUIPMENT RENTAL ITEMS.

EQUIPMENT AND LAYOUT OF WORK BEING PAID FOR 

FOREMAN WILL BE MADE FOR THE SUPERVISION OF 

NO SEPARATE PAYMENT FOR SUPERINTENDENT OR 27.

RELATED DRAINAGE ITEMS.  

DIRECTLY BUT WILL BE CONSIDERED INCIDENTAL TO THE 

BACKSLOPING REQUIREMENTS WILL NOT BE PAID FOR 

CONTRACTOR'S CONVENIENCE OR TO COMPLY WITH 

DRAINAGE STRUCTURES.  ADDITIONAL EXCAVATION FOR THE 

APPROXIMATE MINIMUM QUANTITY REQUIRED TO INSTALL 

ARE INFORMATIONAL ONLY AND REPRESENT THE 

EARTH EXCAVATION, DRAINAGE AND MINOR STRUCTURES 

ESTIMATED QUANTITIES FOR REQUIRED STRUCTURAL 26.

AND INSLOPE OR EQUIPMENT RENTAL AREAS.

FROM SUITABLE EXCAVATION FROM EXCAVATION, DITCH 

AREAS REQUIRING FILL ON THE PROJECT WILL COME 25.

BETWEEN BORING LOCATIONS.

REPRESENTATIVE OF THE SUBSURFACE CONDITIONS 

DISCRETE LOCATIONS. DATA PROVIDED MAY NOT BE 

INTERPRETIVE SUBSURFACE INFORMATION COLLECTED AT 

IN THE BID DOCUMENTS (IF ANY) PRESENT FACTUAL AND 

GEOTECHNICAL INFORMATION. THE BORING LOGS PROVIDED 

INTERPRETATIONS OR CONCLUSION DRAWN FROM THE 

MAINEDOT WILL NOT BE RESPONSIBLE FOR ANY 

CONDITIONS THROUGHOUT THE CONSTRUCTION SITE. 

REPRESENTATIVE OF THE ACTUAL SUBSURFACE 

INFORMATION OR INTERPRETATIONS WILL BE 

OF THE BIDDERS. NO ASSURANCE IS GIVEN THAT THE 

REFERRED TO IN THE BID DOCUMENTS IS FOR THE USE 

GEOTECHNICAL INFORMATION FURNISHED OR 24.

.  HTTP://WWW.MAINE.GOV/MDOT/CONTRACTORS/

MAINEDOT WEBSITE 

 CAN BE ACCESSED AT THE XX-XX, DATESOILS REPORT 20

, XXXXXTHE PROJECT GEOTECHNICAL REPORT TITLED 23.

CONTRACTOR'S EXPENSE. 

REQUIRED TO MAKE REPAIRS SHALL BE AT THE 

RESIDENT.  ALL WORK, EQUIPMENT, AND MATERIALS 

SHALL BE REPAIRED TO THE SATISFACTION OF THE 

CONTRACTOR'S EQUIPMENT, PERSONNEL, OR OPERATION 

ANY DAMAGE TO THE SLOPES CAUSED BY THE 22.

AREAS UNLESS OTHERWISE NOTED OR DIRECTED.

INCHES IN LAWN AREAS AND 2 INCHES IN ALL OTHER 

LOAM SHALL BE PLACED TO A NOMINAL DEPTH OF 4 21.

ALL OTHER AREAS.

AREAS; SEEDING METHOD NO. 2 SHALL BE UTILIZED ON 

SHALL BE UTILIZED ON ALL LAWNS AND DEVELOPED 

UNLESS OTHERWISE NOTED SEEDING METHOD NO. 1 20.

RESIDENT.

NOTED ON THE PLANS OR DESIGNATED BY THE 

AREAS.  ACTUAL PLACEMENT OF THE LOAM SHALL BE AS 

LOAM HAS BEEN ESTIMATED FOR DISTURBED LAWN 19.

606.353) WILL BE INSTALLED AT EACH GUARDRAIL END.  

TWO REFLECTORIZED FLEXIBLE G.R. MARKERS (ITEM 18.

GUARDRAIL ITEMS.

AND DISPOSAL SHALL BE CONSIDERED INCIDENTAL TO THE 

BECOME THE PROPERTY OF THE CONTRACTOR. REMOVAL 

ALL EXISTING GUARDRAIL SHALL BE REMOVED AND 17.

CONSIDERED INCIDENTAL TO THE GUARDRAIL ITEMS. 

DIRECTED BY THE RESIDENT. PAYMENT TO BE 

FILLED AND COMPACTED WITH APPROVED MATERIALS AS 

HOLES CREATED BY GUARDRAIL REMOVAL WILL BE 16.

OF BEAM GUARDRAIL.

CONCURRENTLY WITH THE PLACEMENT OF EACH SECTION 

GUARDRAIL END TREATMENTS SHALL BE INSTALLED 15.
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1'-0" GRUBBING MATERIAL FROM 

11'-0" ST. FRANCIS

GRADE TO DRAIN

2" LOAM AND SEED

CLCL

| ROUTE 161

11'-0" ST. FRANCIS

4:1

2" LOAM AND SEED

EXISTING GROUND

SHLDR.

CONTROL POINT

17'-0"

1/2" SHIM AND 3/4" OVERLAY 

10'-0" ALLAGASH

HEAVY RIPRAP

VARIES

ONSITE EXCAVATIONS

1'-0" GRUBBING MATERIAL FROM 

9'-0"
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SEE NOTE 1

  -5FT FOR SLOPE DITCH DOWNSPOUT 

  -4FT FOR CULVERT DOWNSPOUT

DOWNSPOUT WIDTH VARIES.1.

NOTE:

(LOOKING DOWNSLOPE)

TYPICAL SECTION DETAIL A-A

N.T.S.

1.7
5:
1

1.5
:1

N.T.S.

TYPICAL DOWNSPOUT SECTION

A

A

2:1 2:
1

VARIES

SECTION B-B

TYPICAL STONE DITCH

N.T.S.

N.T.S.

EXISTING ROAD

1.7
5:
1

ST. FRANCIS 4+70

PROPOSED CULVERT STONE DITCH PROFILE

B

B

MATCH EXISTING

VARIES

MATCH EXISTING

MATCH EXISTING

(EXTRA HEAVY RIPRAP)

SPECIAL PROVISION

(GEOTEXTILE FOR DOWNSPOUT)

SPECIAL PROVISION

2
'-
0
"

5
'-
0
"

CUSHION

AGGREGATE 

12" PROTECTIVE 

(GEOTEXTILE)

SPECIAL PROVISION 

VARIES4'-0"

CULVERT

6"

2' DEPTH OF DOWNSPOUT

 

5'-0"

5'-0"

 

 SLOPE

 TYPICAL RIPRAP

PROPOSED

2" LOAM AND SEED

 RIPRAP (ABOVE)

 RIPRAP (BELOW) TO HEAVY

 FROM EXTRA HEAVY

Q100 (WITH ICE) TRANSITION

COMPACTED AS DIRECTED BY THE RESIDENT

FILL (REUSED ONSITE MATERIAL) - PLACED AND 

 DOWNSPOUT)

(GEOTEXTILE FOR

SPECIAL PROVISION

 CUSHION

 AGGREGATE

12" PROTECTTIVE

(GEOTEXTILE)

SPECIAL PROVISION

EXISTING GRADE

5'-0"

3
'-
0
"

 

1'
-6

"

(GEOTEXTILE)

SPECIAL PROVISION 

FILLPROTECTION

STONE DITCH 

INV. EL. 554.69

INV. EL. 553.25

 

 

2' DOWNSPOUT CHANNEL DEPTH

BOTTOM OF DOWNSPOUT

PROPOSED TYPICAL RIPRAP SLOPE

EXISTING GRADE (TYP.)

 DETAIL ON SHEET 4

 CROSS SECTION

SEE TYPICAL SLOPE

 TYPE III CULVERT

PROPOSED 24"

 FINISH GRADE VARIES

DEPTH OF DITCH BELOW

 DITCH -2% SLOPE TO RIVER

PROPOSED BOTTOM OF STONE

N.T.S.

VARIES

TYPICAL TOP OF SLOPE SECTION WITH GUARDRAIL

MATCH EXISTING

VARIES

N.T.S.

VARIES

TYPICAL TOP OF SLOPE SECTION WITHOUT GUARDRAIL

N.T.S.

VARIES

TYPICAL REGRADED DITCH SECTION
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R

RTE. 161

|

Q100 (WITH ICE) EL. 554 ST. FRANCIS

POINT

CONTROL 

CREST

VARIABLE

1.7
5:
1

ST. FRANCIS

TYPICAL SLOPE CROSS SECTION

1

1

RTE. 161

|

Q100 (WITH ICE) EL. 606 ALLAGASH

POINT

CONTROL 

CREST

VARIABLE

1.7
5:
1

ALLAGASH

TYPICAL SLOPE CROSS SECTION

1

1

37'-1" MIN.

 

 

4'-0"

703.28 HEAVY RIPRAP

5'-0"

 
MAX BENCH HEIGHT 3' (EXTRA HEAVY RIPRAP)

SPECIAL PROVISION

EXISTING GRADE

SPECIAL PROVISION (GEOTEXTILE)

6
'-
0
"

6'-0" 5'-0"

 UNDERWATER BACKFILL

 GRANULAR BORROW, MATERIAL FOR

1' PROTECTIVE AGGREGATE CUSHION, 703.19,

 SPECIFICATIONS

 STANDARD

 AS DIRECTED BY

BENCHING REQUIRED

GRANULAR BORROW BACK FILL (ITEM 203.25)

 (INCIDENTIAL TO BENCHING)

GRANULAR BORROW BACK FILL

1'-0" GRUBBING MATERIAL FROM ONSITE EXCAVATIONS

CHINK IN VOIDS WITHIN HEAVY RIPRAP WITH MATERIAL FROM ONSITE EXCAVATIONS

 BY THE RESIDENT

 PLACED AND COMPACTED AS DIRECTED

FILL (REUSED ONSIDE MATERIAL) -

25'-8" MIN.

703.28 HEAVY RIPRAP

4'-0"

 

 

 MAX BENCH HEIGHT 3'

5'-0"

 

SPECIAL PROVISION (GEOTEXTILE)

EXISTING GRADE

(EXTRA HEAVY RIPRAP)

SPECIAL PROVISION

5
'-
0
"

5'-0" 5'-0"

 UNDERWATER BACKFILL

 GRANULAR BORROW, MATERIAL FOR

1' PROTECTIVE AGGREGATE CUSHION, 703.19,

 SPECIFICATIONS

 STANDARD

 AS DIRECTED BY

BENCHING REQUIRED

GRANULAR BORROW BACK FILL (ITEM 203.25)

 (INCIDENTIAL TO BENCHING)

GRANULAR BORROW BACK FILL

1'-0" GRUBBING MATERIAL FROM ONSITE EXCAVATIONS

CHINK IN VOIDS WITHIN HEAVY RIPRAP WITH MATERIAL FROM ONSITE EXCAVATIONS

 BY THE RESIDENT

 PLACED AND COMPACTED AS DIRECTED

FILL (REUSED ONSIDE MATERIAL) -

N.T.S.

N.T.S.
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FLOW

1:
1 
M
A
X

1:1 M
A
X

2:
1 M

AX

1:1 M
A
XABOVE EXISTING GROUND

MAINTAIN 2' HEIGHT 

DETAIL 2: ST. FRANCIS

1:
1 
M
A
X

1:1 M
A
X

1:1 M
A
X

2:
1 M

AX

FLOW

ABOVE EXISTING GROUND

MAINTAIN 2' HEIGHT 

DETAIL 1: ALLAGASH

SF-9

SF-8

SF-7

SF-6

SF-5

SF-4

SF-3

SF-2

SF-1

A-9

A-8

A-7

A-6

A-5

A-4

A-3

A-2

A-1

DETAIL 2

DETAIL 2

DETAIL 2

DETAIL 2

DETAIL 2

DETAIL 2

DETAIL 2

DETAIL 2

DETAIL 2

DETAIL 1

DETAIL 1

DETAIL 1

DETAIL 1

DETAIL 1

DETAIL 1

DETAIL 1

DETAIL 1

DETAIL 1

20

20

20

20

20

20

20

20

20

14

14

14

14

14

14

14

14

14

8

8

8

8

8

8

8

8

8

6

6

6

6

6

6

6

6

6

60

60

60

60

60

60

60

60

60

60

60

60

60

60

60

60

60

60

WEIR

BENDWAY 

(FT)

LENGTH 

SECTION

TYPICAL 

(DEG)

ORIENTATION 

(FT)

WIDTH 

TOP 

(FT)

DEPTH 

55

92

86

80

100

92

68

64

52

31

67

90

90

91

90

73

76

50

20'-0" (MIN.)

 

CORE RIPRAP - 703.28 HEAVY RIPRAP

EXISTING GROUND

8
'-
0
" 

D
E

P
T

H

6
'-
0
"

2
'-
0
"

EXISTING GROUND

CORE RIPRAP - 703.26 PLAIN RIPRAP

6
'-
0
" 

D
E

P
T

H

14'-0"

 

4
'-
0
"

2
'-
0
"
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F
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O

W

F
L
O

W

F
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O

W

F
L
O

W

MAX. 1:1

MAX. 1:1MAX. 1:1

MAX. 1:1 MAX. 1:1

MAX. 1:1

MAX. 1:1

MAX. 1:1

MAX. 1:1

R
I
V

E
R

F
L

O
W

F
L

O
W

F
L

O
W

F
L

O
W

F
L

O
W

2'-0" (TYP.)

S
H

E
E

T
 
5

S
E

E
 

T
A

B
L
E
;

SHEET 5

SEE TABLE ON

VARIES

BENDWAY WEIR INTO RIPRAP PROFILE BENDWAY WEIR RIVERSIDE PROFILE

W
I
D

T
H
 

V
A

R
I
E

S

EXISTING GROUND

GROUND

EXISTING 
RIPRAP

POINT WITH SLOPE 

MEASURED FROM MATCH 

LENGTH OF WEIR 

ABOVE EXISTING GROUND

MAINTAIN 2'-0" HEIGHT 

(UPSTREAM) TO 2:1 (DOWNSTREAM)

SLOPE TRANSITIONS FROM 1:1 

LENGTH VARIES, SEE TABLE; SHEET 5

(SEE TABLE) SHEET 5

END OF THE WEIR

(SEE TABLE) ON SHEET 5

START OF THE WEIR 

DETAIL ON SHEET 4

CROSS SECTION 

SEE TYPICAL SLOPE 

= 10' (ST. FRANCIS)

RADIUS = 7' (ALLAGASH)



-32.2

ALLAGASH WEIR CONTROL, POINT TABLE

OFFSETPOINT STATION

103+82 -116.0

109+14 -101.5

-106.9107+67

106+08 -117.8

-106.3104+99

PT. A-1

PT. A-2

PT. A-3

PT. A-4

PT. A-5

ALLAGASH CREST CONTROL POINT TABLE

ELEVATIONOFFSETPOINT STATION

1000

1001

1002

1003

1004

1005

1006

108+38

108+00

107+50

107+00

106+50

106+00 -47.3

-43.4

-38.3

-35.3

-34.6

-31.6 624.2

623.4

624.3

624.6

623.9

624.2

1007 109+00 -29.7 623.6

108+50 623.4
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EXISTING MATURE GROWTH - DO NOT DISTURB

0.85 ACRES CALC.

BRITTANY LANE

BRANDON LANE

TAX MAP 6 LOT 627A

POR 28

JOYCE GARDNER

THOMAS GARDNER

TAX MAP 6 LOT 607

POR 27

11.2 ACRES DEED

ALLAGASH DEVELOPMENT CORP.

TAX MAP 6 LOT621B

POR 26

MAUDE M. GARDNER

ROY M. GARDNER

TAX MAP 6 LOT 606

POR 24

MAUDE M. GARDNER

ROY M. GARDNER

TAX MAP 6 LOT 621

POR 29
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CURVE DATA #2
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BEGIN PROJECT WIN 17236.00

BEGIN SLOPE STABILIZATION

STA. 103+45.62
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A-2

A-3
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A-5

24" CMP OUT

8" PVC IN

EXISTING CATCH BASIN

DOWNSPOUT (TYP.)

RESIDENT

AS DIRECTED BY THE 

EXTRA HEAVY RIPRAP 

PT. A-1 PT. A-2

PT. A-3
PT. A-4

PT. A-5

BENDWAY WEIR (TYP.)

CONSTRUCTION LIMIT LINE

REMOVE

REMOVE

REMOVE

RIPRAP INLET

RIPRAP INLET

INV. OUT = 621.20

INV. IN = 623.28

64' - 24" OPT III

(REMOVED BY OTHERS)

EXISTING UTILITY POLE 

(INSTALLED BY OTHERS)

PROPOSED UTILITY POLE 

(REMOVED BY OTHERS)

EXISTING UTILITY POLE 

1000

DISTURB

GROWTH - DO NOT 

EXISTING MATURE 

1001

1003 1004

1007
10061005

INV. OUT = 620.42

INV. IN = 621.18

84' - 24" OPT. III

INV. OUT = 617.71

INV. IN = 623.36

68' - 30" OPT III



ALLAGASH CREST CONTROL POINT TABLE
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EXISTING MATURE GROWTH - DO NOT DISTURB

ALLAGASH WEIR CONTROL, POINT TABLE

OFFSETPOINT STATION

110+66 -105.0

-107.6114+31

113+42 -104.5

-116.0112+07

PT. A-6

PT. A-7

PT. A-8

PT. A-9

0.06+-ACRES CALC

FAIRPOINT COMMUNICATIONS

TAX MAP 6 LOT 621-2

MAUDE M. GARDNER

ROY M. GARDNER

TAX MAP 6 LOT 606

POR 24

MAUDE M. GARDNER

ROY M. GARDNER

TAX MAP 6 LOT 621

POR 29

0.92 ACRES +- CALC

PAUL BENOIT

TAX MAP 6 LOT 621A

POR 25

MAUDE M. GARDNER

ROY M. GARDNER

TAX MAP 6 LOT 621

POR 29

VICKI TOTTLE

KERRY TOTTLE

TAX MAP 6 LOT 605

POR 22

1.17+- ACRES CALC

DAVID B. COELHO

TAX MAP 6 LOT 624

POR 21

DAVID B. COELHO

TAX MAP 6 LOT 604

POR 21
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E = 0.44'

T = 236.89'

L = 473.77'

R = 63342.00'

PI = 107+55.84

CURVE DATA #2

E = 3.48'

T = 157.01'

L = 313.81'

R = 3541.00'

PI = 113+63.33

CURVE DATA #3

ALLAGASH ROAD

END PROJECT WIN 17236.00

END SLOPE STABILIZATION

STA. 114+51.57

A-5
A-6 A-7

A-8

A-9

DECEMBER 13, 2018

FINAL PDR-PIC

DOWNSPOUT (TYP.)

THE RESIDENT

DIRECTED BY 

RIPRAP AS 

EXTRA HEAVY 

DISTURB

GROWTH - DO NOT 

EXISTING MATURE 

PT. A-4

PT. A-5

PT. A-6
PT. A-7

PT. A-8

PT. A-9

BENDWAY WEIR (TYP.)

BENDWAY WEIR (TYP.)

CONSTRUCTION LIMIT LINE

REMOVE

RIPRAP INLET

1004

1007 1008 1009 1011
1012

1013
1014 1015

10061005 1010

INV. OUT = 617.71

INV. IN = 623.36

68' - 30" OPT III

FLARED TERMINAL (TYP.)

W-BEAM GUARDRAIL MID-WAY SPLICE, 

FACE (TYP.)

MID-WAY SPLICE, SINGLE 

W-BEAM GUARDRAIL 
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OFFSETSTATIONPOINT

ST FRANCIS WEIR CONTROL POINT TABLE
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OFFSET ELEVATIONSTATIONPOINT
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ST FRANCIS CREST CONTROL POINT TABLE
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EXISTING MATURE GROWTH - DO NOT DISTURB
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E = 14.33'

T = 169.22'

L = 335.22'

R = 992.00'

PI = 2+87.10

CURVE DATA #1

E = 9.84'

T = 213.03'

L = 424.84'

R = 2300.00'

PI = 8+91.00

CURVE DATA #2

SF-5
SF-4

SF-3

SF-2
SF-1

ST. JOHN RIVER

BEGIN PROJECT WIN 17236.00

BEGIN SLOPE STABILIZATION

STA. 2+34.98

MAIN ST.

1.33+- ACRES CALC.

RUDY PELLETIER

CAROL ANNE E. MACKENZIE

TAX MAP 24 LOT 12

POR 8

2.87+- ACRES CALC.

LOUIS A. PELLETIER

TAX MAP 24 LOT 13

POR 9

0.93+- ACRES CALC.

LOUIS A. PELLETIER

TAX MAP 24 LOT 7

POR 10

0.9+- ACRES CALC

FRANKLIN THERIAULT

TAX MAP 24 LOT 6

POR 11

0.75+-ACRES CALC.

JAMES F. HAFFORD

TAX MAP 24 LOT 14

POR 12

DECEMBER 13, 2018

FINAL PDR-PIC

RIPRAP INLET

THE RESIDENT

DIRECTED BY 

RIPRAP AS 

EXTRA HEAVY 

AS NECESSARY

REGRADE DITCH 

DISTURB

GROWTH - DO NOT 

EXISTING MATURE 

REMOVE

PT. SF-1

PT. SF-2

PT. SF-4

PT. SF-5PT. SF-3

INV. OUT = 553.25

INV. IN = 554.69

72' - 24" OPT. III

DETAIL ON SHEET 3

SEE CULVERT STONE DITCH 

(REMOVED BY OTHERS)

EXISTING UTILITY POLE 

(REMOVED BY OTHERS)

EXISTING UTILITY POLE 

(REMOVED BY OTHERS)

EXISTING UTILITY POLE 

(INSTALLED BY OTHERS)

PROPOSED UTILITY POLE 

(INSTALLED BY OTHERS)

PROPOSED UTILITY POLE 

(REMOVED BY OTHERS)

EXISTING UTILITY POLE 

OTHERS)

(REMOVED BY 

UTILITY POLE 

EXISTING 

BENDWAY WEIR (TYP.)

CONSTRUCTION LIMIT LINE
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ST FRANCIS CREST CONTROL POINT TABLE
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OFFSETSTATIONPOINT

ST FRANCIS WEIR CONTROL POINT TABLE
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-97.0

-97.5
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-94.5

DISTURB

GROWTH - DO NOT 

EXISTING MATURE 
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PT. SF-6

PT. SF-7

PT. SF-8

PT. SF-9

8+00
9+00

10+00

11+00

12+00

13+00

14+00

15+00

P
T
 

=
 

S
T

A
. 

1
1

+
0
2
.8

1

P
C
 

=
 

S
T

A
. 

1
1

+
3
2
.4

5

P
C

C
 

=
 

S
T

A
. 

1
4

+
6
5
.6

4

E = 9.84'

T = 213.03'

L = 424.84'

R = 2300.00'

PI = 8+91.00

CURVE DATA #2

E = 6.96'

T = 166.98'

L = 333.19'

R = 2000.00'

PI = 12+99.43

CURVE DATA #3

E = 3.35'

T = 118.69'

L = 237.12'

R = 2100.00'

PI = 15+84.33

CURVE DATA #4

SF-9

SF-8

SF-7

SF-6

ST. JOHN RIVER

MAIN ST.

END PROJECT WIN 17236.00

END SLOPE STABILIZATION

STA. 15+17.31

1.77+- ACRES CALC.

POLLY HAFFORD

STEVEN HAFFORD

TAX MAP 25 LOT 28

1.51+- ACRES CALC

THERESA HAFFORD

FREDERICK HAFFORD

TAX MAP 24 LOT 9

1.45+- ACRES CALC

MICHAEL L. BOURGOIN

TAX MAP 25 LOT 1

POR 1

0.63+- ACRES

KEITH HARTT 

HEIRS OF GILLMAN HARTT

TAX MAP 24 LOT 8

POR 6

3.2+- ACRES CALC

RUDY PELLETIER
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