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EXHIBIT�E�
�

Soil�Boring�Logs�



SPT-1   STA 2+50
 1 of  1
Monday, September 08, 2008
60-70's, Sunny

* feet East Chop Bluff
61 feet D&A 0193.021.00, CLE 08.057.100, Dig Safe 2009-360-2447 (9/5/08)

N.E. feet Geologic, Scott Canning (508) 384-4434, Dave Sheldon (drill foremen) & Taylor
N.E. = not encountered Joel Q. Kantola (978) 886 4550

Elev. Depth Soil & Rock Descriptions
Type Blows RQD or Pen. Rec. 7:00-7:30: setup on hole. 7:30-11:10: advance hole to 61'.  11:10-  : Clean up and move to hole SPT-3.

& per Blow 
feet feet No. 6" Count inch inch

8" asphalt.
1-3 S1 13 35 24 8 Sand, fine grain,  trace gravel,  trace fines, wet from drill water, brown, SP.

21
14
12

4-6 S1 17 28 24 4 Sand,  fine to medium with trace coarse grain,  trace gravel,  trace fines, wet*, brown, SP..
12 *wet from drilling.
16
16 Drilling 6-9':  fine to meidum grain sand. 

9-11 S1 45b 105 24 6 Sand, fine to medium grain, trace gravel, trace fines, wet*, brown, SP.
38 Note: wash material at top.  Start mixing mud for drilling.
67 45b = spoon bouncing for almost all 45 blows. 
68 Drilling 11-14': fine to coarse fragment, with occassional grinding noises.

14-16 S1 22 43 24 8 Sand,  fine to medium with trace coarse grain, trace gravel, trace fines, moist, brown, SP.
22
21 Drilliing 16-19': fine to coarse sand with rock fragments occassionally, occassional grinding indicative
22 of thin layers of gravel.

19-21 S1 20 59 21 6 Sand,  fine to medium with trace coarse grain, trace gravel, trace fines, wet, brown, SP.
23 50b/3": spoon bounced for last 20 blows.
36 Drilling 21-24': mostly medium-coarse sand and fine gravel.

50b/3"

24-26 S1 50 50+ 9 6 Sand, fine to coarse grain, little gravel, trace fines,wet, brown, SW/SP.
60b/3" 60b/3": spoon bounced for half of the blows (throughout drive).

29-31 S1 25 47 24 9 Sand, fine to coarse grain,  trace gravel, trace fines, wet, brown, SP.
24
23
27 Drilling 31-34': mostly fine to coarse sand with some gravel layers.

34-36 S1 21 56 24 8 Sand,  fine to medium with trace coarse grain, trace gravel, trace fines, wet, brown, SP.
27
29 Drilling 36-39': mostly fine to medium sand.
20

39-41 S1 18 41 24 9 Sand,  fine to medium grain, trace gravel, trace fines, wet, brown, SP.
13
28
14 Detail arrives at 10:15.

44-46 S1 11 13 24 5 Sand,  fine to medium with trace coarse grain, trace gravel, trace fines, wet, brown, SP.
6
7 Drilling 46-49': mostly fine to medium sand.
9

49-51 S1 9 12 24 5 Sand,  fine to medium with trace coarse grain, trace gravel, trace fines, wet, brown, SP.
6
6 Drilling 51-54': mostly fine to medium sand.
6

54-56 S1 16-18 37 24 7 Sand, fine to medium grain, no gravel, trace fines, wet, brown, SP.
19-17

59-61 S1 14-16 31 24 8 Sand, fine to medium with trace coarse grain, trace gravel, trace fines, wet, brown, SP.
15-17

Notes:

Key: Fines Content: trace (tr) = 1-10%, little (lt) = 10-20%, some (sm) = 20-35%, and (&) = 35-50%
Cohesionaless Soil Density (blows/ft):  very loose (vl) = 0-4, loose (l) = 4-10, medium dense (md) = 10-30, dense (d) = 30-50 , very dense (vd) = 50+ 
Cohesive Soil Consistency (bows/ft): very soft (vs) <2, soft (s) = 2- 4 , firm (f) = 4-8 , stiff (st) = 8-15, very stiff (vs) = 15-30, hard (h) >30 
Color: br = brown, gy = grey, gn = green, yl = yellow, ol = olive, og = orange, bl  = black
Plasticity: np = non plastic, sp = slightly plastic, mp = moderately plastic, hp = highly plastic, vhp = very highly plastic 

Name (intro, modifier, predominant), Gradation and/or Plasiticity, Density or Consistency, Moisture, Color, Structure, Local Name, USC Symbol

Sample

G
ra

ph
ic

  L
og

* Groundwater depth estimated, because drilling mud used.
Drilling performed with 4" casing w/tricone bit and mud (Cetco Variflo QD quick dispersing Guar Gum).  Standard Penetration Testing used to take split

Depth to Rock Driller
Logged By

spoon samples (S-#) w/ trip cable.  Mobile Drill Rig.B53

Groundwater Depth Project Name
Total Depth of Hole Job No

Boring
Page
Date
Weather



SPT-2  STA. 7+50
 1 of  1
Tuesday, September 09, 2008
60-70's, Sunny until 14:15.  14:15 and later - raining (hard at time). 

* feet East Chop Bluff
58 feet D&A 0193.021.00, CLE 08.057.100, Dig Safe 2009-360-2447 (9/5/08)

N.E. feet Geologic, Scott Canning (508) 384-4434, Dave Sheldon (drill foremen) & Taylor
Joel Q. Kantola (978) 886 4550

Elev. Depth Soil & Rock Descriptions
Type Blows RQD or Pen. Rec. 7:15-7:45: Setup on SPT-2.  7:45-9:15: Advance hole to 24'.  Pump breaks down, followed by drill rig starter.

& per Blow 9:15-14:15: Wait for mechanic.  14:15-15:45 : Mechanics fixes rig. John Breckenridge stops by the site. 
feet feet No. 6" Count inch inch 15:45-17:45: Advance hole to 58'.  Crews cleanup to about 18:30 (with police detail).  D&A leaves on 18:15 ferry.

8" asphalt.
1-3 S1 18 24 24 10 Sand, fine grain,  no gravel,  trace fines, moist, brown, SP.

14
10
11

4-6 S1 10 27 24 6 Sand,  fine to medium with trace coarse grain,  trace gravel,  trace fines, wet*, brown, SP.
11 *wet from drilling.
16
15 Drill 6-9':  mostly fine sand, but lesser amount of medium to coarse grain and fine gravel.

9-11 S1 19 46 24 6 Sand, fine to medium with trace coarse grain, trace gravel, trace fines, wet*, brown, SP.
21 Mix drilling mud. 
25 Drill 11-14':  fine to coarse sand.
23

14-16 S1 14 NA 7 0 No recovery.  50b = 50 blows bouncing on something hard.
50b/3"

Drill 16-19': fine to medium sand with very thin to thin gravelly layers.

19-21 S1 17 34 24 0 Tip filled with clean gravel (had to be hammered out) - not jarred.
18
16 Drill 21-24':  gravelly layers to a depth of 23'.  Smooth drilling from 23-24'.
17

24-26 S1 35 25 24 5 Sand, fine to coarse grain, trace gravel, trace fines, wet from drilling, brown, SP. (3:45pm)
13
12 Drill 26-29':  fine to coarse sand. Still have to case hole due to lost drill mud circulation.
8

29-31 S1 9 13 24 2 Sand, fine to coarse grain, little gravel, trace fines, wet from drilling, brown, SP/SW (wash material?).
7 The blow count may be low due to thin drilling mud.  Mud thickened.
6
5

Mud circulation lost throughout.  Difficult to advance hole.  Case to a depth of 39'.

Drill 36 to 39': Gravelly material with trace to little sand in cuttings.

39-41 S1 23 32 24 4 Sand, mostly fine to medium grain with lesser amounts of coarse grain, trace gravel, trace fines, 
16 wet, brown, SP.
16
28 Attempts to drill with mud, but keep losing circulation. Decide to case hole down to 49'.

Drill 41-44': mostly gravel with little sand.
Drive casing to 49':  Casing drove very hard and slow. 
Drill 44-49': sand and gravel.
Raining very hard.

49-51 S1 35 52 24 5 Sand, fine to coarse grain, some gravel, trace fines, wet, brown, SW.
24
28 Drill to 58':  fine to coarse sand, with trace amounts gravel.
25

Raining very hard.

Notes:

Key: Fines Content: trace (tr) = 1-10%, little (lt) = 10-20%, some (sm) = 20-35%, and (&) = 35-50%
Cohesionaless Soil Density (blows/ft):  very loose (vl) = 0-4, loose (l) = 4-10, medium dense (md) = 10-30, dense (d) = 30-50 , very dense (vd) = 50+ 
Cohesive Soil Consistency (bows/ft): very soft (vs) <2, soft (s) = 2- 4 , firm (f) = 4-8 , stiff (st) = 8-15, very stiff (vs) = 15-30, hard (h) >30 
Color: br = brown, gy = grey, gn = green, yl = yellow, ol = olive, og = orange, bl  = black
Plasticity: np = non plastic, sp = slightly plastic, mp = moderately plastic, hp = highly plastic, vhp = very highly plastic 

spoon samples (S-#) w/ trip cable.  Mobile Drill Rig.B53
Name (intro, modifier, predominant), Gradation and/or Plasiticity, Density or Consistency, Moisture, Color, Structure, Local Name, USC Symbol
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* Groundwater depth estimated, because drilling mud used.
Drilling performed with 4" casing w/tricone bit and mud (Cetco Variflo QD quick dispersing Guar Gum).  Standard Penetration Testing used to take split

Depth to Rock Driller
Logged ByN.E. = not encountered

Groundwater Depth Project Name
Total Depth of Hole Job No
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SPT-3   STA 12+50
 1 of  1
Monday, September 08, 2008
60-70's, Sunny

* feet East Chop Bluff
61 feet D&A 0193.021.00, CLE 08.057.100, Dig Safe 2009-360-2447 (9/5/08)

N.E. feet Geologic, Scott Canning (508) 384-4434, Dave Sheldon (drill foremen) & Taylor
Joel Q. Kantola (978) 886 4550

Elev. Depth Soil & Rock Descriptions
Type Blows RQD or Pen. Rec.

& per Blow 
feet feet No. 6" Count inch inch

9" asphalt.
1-3 S1 21 27 24 9 Sand, fine grain, no gravel, trace fines, moist, brown, SP.

16
11
14

4-6 S1 50b/3" NA 3 0 No recovery.

9-11 S1 23b 38 24 6 Sand, fine to medium with trace coarse grain, trace gravel, trace fines, wet from drill water, brown, SP.
19
19 Mix drilling mud.
20 Drill 11-14':  Mostly fine to medium sand, with lesser amount of coarse sand.

14-16 S1 12 30 24 7 Sand, fine to medium with trace coarse grain, trace gravel, trace fines, moist, brown, SP.
13
17 Drill 16-19':  Mostly fine to medium sand, with lesser amount of coarse sand.
20

19-21 S1 14 35 24 6 Sand, fine to medium with trace coarse grain, trace gravel, trace fines, moist, brown, SP.
14
21 Drill 21-24':  Mostly fine to medium sand, with lesser amount of coarse sand.
15

24-26 S1 24 43 24 6 Sand, fine to medium with trace coarse grain, trace gravel, trace/little fines, moist, brown, SP.
21
22 Drill 26-29':  Mostly fine to coarse sand.
20

29-31 S1 28 63 24 9 Sand, fine with trace medium grain, trace gravel, trace fines, moist, brown, SP.
30
33 Drill 31-34':  Mostly fine to coarse sand, with occassional thin gravelly layers.
33

34-36 S1 54b 68 24 7 Sand, fine to coarse grain, trace gravel, trace to little fines, wet, brown, SP/SW.
34
34 Drill 36-39':  Boulder 36-37, remainder is fine to coarse sand and gravelly layers. 
27

39-41 S1 25 51 21 7 Sand, fine to coarse grain(mostly medium grain), trace gravel, trace fines, wet, brown, SP/SW.
24
27 Drill 41-44':  fine to coarse sand with gravelly layers.

50b/3"

44-46 S1 15 33 24 8 Sand, fine to coarse (mostly medium) grain, no gravel, trace fines, wet, brown, S.
14
19 Drill 46-49':  fine to coarse sand.
28

49-51 S1 24 28 24 7 Sand, fine to coarse grain but mostly medium with very thin beds of coarse sand, trace gravel,
13 no fines, wet, brown, SP.
15 Drill 51-54':  fine to medium sand.
26

54-56 S1 35-28 51 24 9 Sand, fine to medium grain, no gravel,trace fines, wet, brown, SP.
23-26 1" interbed of clean coarse sand and fine gravel. 

Drill 56-59': fine to medium sand. 
59-61 S1 13-9 28 24 6 Sand, fine to coarse (mostly medium) grain, trace gravel, trace fines, wet, brown, SP.

19-20
Notes:

Key: Fines Content: trace (tr) = 1-10%, little (lt) = 10-20%, some (sm) = 20-35%, and (&) = 35-50%
Cohesionaless Soil Density (blows/ft):  very loose (vl) = 0-4, loose (l) = 4-10, medium dense (md) = 10-30, dense (d) = 30-50 , very dense (vd) = 50+ 
Cohesive Soil Consistency (bows/ft): very soft (vs) <2, soft (s) = 2- 4 , firm (f) = 4-8 , stiff (st) = 8-15, very stiff (vs) = 15-30, hard (h) >30 
Color: br = brown, gy = grey, gn = green, yl = yellow, ol = olive, og = orange, bl  = black
Plasticity: np = non plastic, sp = slightly plastic, mp = moderately plastic, hp = highly plastic, vhp = very highly plastic 

* Groundwater depth estimated, because drilling mud used.

Sample
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Logged ByN.E. = not encountered

Boring
Page

Name (intro, modifier, predominant), Gradation and/or Plasiticity, Density or Consistency, Moisture, Color, Structure, Local Name, USC Symbol

Depth to Rock 

Groundwater Depth
Total Depth of Hole

Drilling performed with 4" casing w/tricone bit and mud (Cetco Variflo QD quick dispersing Guar Gum).  Standard Penetration Testing used to take split

Date

spoon samples (S-#) w/ trip cable.  Mobile Drill Rig.B53

Weather
Project Name
Job No
Driller



SPT-4
1 of 2
9-Nov-16
Overcast, 40-50, calm

+/-29' feet East Chop Slope Stabilization
61 feet

N/A feet New England Boring, Jerry, James
M.Campagnone, P.E. CLE Engineering

Elev. Depth Soil & Rock Descriptions
47 Type Blows Uncorr Pen. Rec.

& per (Corr)
feet feet No. 6" Blows inch inch

47' to ' to S-1 40 27 24" 13 S1= Med dense, brown, fine sand, dry, trc silt (SP)
45' 2' 15        Cut through 4" asphault

12 No Casing set prior to S2
7

43' to 4' to S-2 6 20 24" 7 S2= Med Dense, yellow, Fine-med sand, dry, trc gravel, trc silt (SP/SW)
41' 6' 9

11 Set 10' of 4" casing, tip to 9'
12

38' to 9' to S-3 65 41 24" 5 S3= Dense, yellow, Crse-Fine sand, wet, trc gravel, trc silt (SP/SW)
36' 11' 28

13
15 Set 5' of 4" casing, tip to 14'

33' to 14' to S-4 9 18 24" 6 S4= Med. Dense, yellow, med-crse sand, moist, trc gravel, trc silt (SW/SP)
31' 16' 9

9
11 Set 5' of 4" casing, tip to 19'

28' to 19' to S-5 6 16 24" 10 S5= Med. Dense, yellow, med-crse sand, moist, trc gravel, trc silt (SW/SP)
26' 21' 7

9
10 Set 5' of 4" casing, tip to 24'

23' to 24' to S-6 9 21 24" 13 S6= Med. Dense, yellow, med-fine sand, moist, trc gravel, trc silt (SW/SP)
21' 26' 10

11
16 Set 5' of 4" casing, tip to 29'

Add quik-gel bentontie drilling mud
18' to 29' to S-7 7 11 24" 2 S7= Med. Dense, yellow, med-fine sand, wet, trc gravel, trc silt (SW/SP)
16' 31' 6

5
4 Set 5' of 4" casing, tip to 34'

13' to 34' to S-8 5 28 24" 14 S8= Med. Dense, yellow, med-fine sand, wet, trc gravel, trc silt (SW/SP)
11' 36' 12

16 Attempt open hole, losing water
23 Set 5' of 4" casing, tip to 39'

8' to 39' to S-9 13 17 24" 16 S9= Med. Dense, yellow, Med-fine sand, wet, trc gravel, trc silt (SW/SP)
6' 41' 9

8
8 Set 5' of 4" casing, tip to 44'

3' to 44' to S-10 19 38 24" 13 S10= Dense, yellow, Med-fine sand, wet, trc gravel, trc silt (SW/SP)
1' 46' 20

18
15 Set 5' of 4" casing, tip to 49'

-2' to 49' to S-11 11 37 24" 8 S11= Dense, yellow, Med-fine sand, wet, trc gravel, trc silt (SW/SP)
-4' 51' 17

20
16 Drill & Wash open hole

Notes:

Key: Fines Content: trace (tr) = <5%, little (lt) = 6-15%, few = 16-30%, some (sm) = 31-49%
Cohesionaless Soil Density (blows/ft):  very loose (vl) = 0-4, loose (l) = 5-10, medium dense (md) = 11-29, dense (d) = 30-49 , very dense (vd) = 50+ 
Cohesive Soil Consistency (bows/ft): very soft (vs) <2, soft (s) = 3 - 4 , medium (f) = 5-8 , stiff (st) = 9-15, very stiff (vs) = 16-30, hard (h) >30 
Color: br = brown, gy = grey, gn = green, yl = yellow, ol = olive, og = orange, bl  = black
Plasticity: np = non plastic, sp = slightly plastic, mp = moderately plastic, hp = highly plastic, vhp = very highly plastic

Boring 
Page
Date
Weather

Groundwater Depth Project Name
Total Depth of Hole Job No
Depth to Cored Rock Driller

Logged By

Name (Density, Color, Classification), Moisture, Plasticity, Secondary grain Size, (USC Group Symbol)
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Boring located on East Chop Ave. 6opposite drive for #172, on east EOP  ATV rig,  all SPT taken with safety hammer - cathead (1.5 wraps) (Ef 70%).
Drill and wash w/SPT and sampling 5' intervals. Blow counts shown in (xx) are corrected to N70
SPT done with 2" split spoon sampler and safety hammer, dropped by cathead (2 wraps)
          



SPT-4
2 of 2
9-Nov-16
Overcast, 40-50, calm

+/-25' feet East Chop Slope Stabilization
61 feet

N/A feet New England Boring, Jerry, James
M.Campagnone, P.E. CLE Engineering

Elev. Depth Soil & Rock Descriptions
45 Type Blows Uncorr Pen. Rec.

& per (Corr)
feet feet No. 6" Blows inch inch

-9' to 54' to S-12 14 22 24" 16 S12= Med. Dense, yellow, Med-fine sand, wet, trc gravel, trc silt (SW/SP)
-11' 56' 10

12 Drill & Wash open hole
16

-14' to 59' to S-13 10 19 24" 12 S13= Med. Dense, yellow, Med-fine sand, wet, trc gravel, trc silt (SW/SP)
-16' 61' 10

9 Drill & Wash open hole
16

Notes:

Key: Fines Content: trace (tr) = <5%, little (lt) = 6-15%, few = 16-30%, some (sm) = 31-49%
Cohesionaless Soil Density (blows/ft):  very loose (vl) = 0-4, loose (l) = 5-10, medium dense (md) = 11-29, dense (d) = 30-49 , very dense (vd) = 50+ 
Cohesive Soil Consistency (bows/ft): very soft (vs) <2, soft (s) = 3 - 4 , medium (f) = 5-8 , stiff (st) = 9-15, very stiff (vs) = 16-30, hard (h) >30 
Color: br = brown, gy = grey, gn = green, yl = yellow, ol = olive, og = orange, bl  = black
Plasticity: np = non plastic, sp = slightly plastic, mp = moderately plastic, hp = highly plastic, vhp = very highly plastic

Name (Density, Color, Classification), Moisture, Plasticity, Secondary grain Size, (USC Group Symbol)

Sample

G
ra
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ic

  L
og

Boring located on East Chop Ave. 6opposite drive for #172, on east EOP  ATV rig,  all SPT taken with safety hammer - cathead (1.5 wraps) (Ef 70%).
Drill and wash w/SPT and sampling 5' intervals. Blow counts shown in (xx) are corrected to N70
SPT done with 2" split spoon sampler and safety hammer, dropped by cathead (2 wraps)
          

Total Depth of Hole Job No
Depth to Cored Rock Driller

Logged By

Boring 
Page
Date
Weather

Groundwater Depth Project Name



SPT-5
1 of 2
8-Nov-16
Sunny, 40-50d , Calm

+/-25' feet East Chop Slope Stabilization
61 feet

N/A feet New England Boring, Jerry, James
M.Campagnone, P.E. CLE Engineering

Elev. Depth Soil & Rock Descriptions
45 Type Blows Uncorr Pen. Rec.

& per (Corr)
feet feet No. 6" Blows inch inch

45' to ' to S-1 15 24 24" 11 S1= Med dense, brown, fine sand, dry, trc silt (SP)
43' 2' 14        Cut through 4" asphault

10 No Casing set prior to S2
6

41' to 4' to S-2 4 10 24" 16 S2= Loose, brown, Fine-med sand, dry, trc gravel, trc silt (SP/SW)
39' 6' 5

5 Set 10' of 4" casing, tip to 9'
6

36' to 9' to S-3 11 23 24" 7 S3= Med Dense, brown, Fine-med sand, moist, trc gravel, trc silt (SP/SW)
34' 11' 12

11
9 Set 5' of 4" casing, tip to 14'

Add quik-gel bentontie drilling mud
31' to 14' to S-4 10 16 24" 8 S4= Med. Dense, orange, Fine-crse sand, moist, trc gravel, trc silt (SW/SP)
29' 16' 8

8
7 Set 5' of 4" casing, tip to 19'

26' to 19' to S-5 86 46 24" 9 S5= Med. Dense, orange, Fine-crse sand, moist, trc gravel, trc silt (SW/SP)
24' 21' 23        rock frag in top of spoon.

23
11 Set 5' of 4" casing, tip to 24'

21' to 24' to S-6 10 9 24" 11 S6= Med. Dense, yellow, Med-fine sand, moist (SW/SP)
19' 26' 5

4
6 Set 5' of 4" casing, tip to 29'

16' to 29' to S-7 7 23 24" 3 S7= Med. Dense, yellow, Crse sand, some gravel, trc silt (SW/SP)
14' 31' 7

16
10 Set 5' of 4" casing, tip to 34'

11' to 34' to S-8 10 18 24" 3 S8= Med. Dense, yellow, Fine-crse sand, wet, trc gravel, trc silt (SW)
9' 36' 8

10
16 Set 5' of 4" casing, tip to 39'

6' to 39' to S-9 26 44 24" 10 S9= Dense, yellow, Med-crse sand, wet, little gravel, trc silt (SP)
4' 41' 23

21
28 Set 5' of 4" casing, tip to 44'

1' to 44' to S-10 13 27 24" 7 S10= Med. Dense, yellow, Med-crse sand, wet, little gravel, trc silt (SP)
-1' 46' 13

14
11 Drill & Wash open hole

-4' to 49' to S-11 17 39 24" 2 S11= Dense, yellow, Med-crse sand, wet, little gravel, trc silt, 1" gravel in spoon (SP)
-6' 51' 19

20
19 Drill & Wash open hole

Notes:

Key: Fines Content: trace (tr) = <5%, little (lt) = 6-15%, few = 16-30%, some (sm) = 31-49%
Cohesionaless Soil Density (blows/ft):  very loose (vl) = 0-4, loose (l) = 5-10, medium dense (md) = 11-29, dense (d) = 30-49 , very dense (vd) = 50+ 
Cohesive Soil Consistency (bows/ft): very soft (vs) <2, soft (s) = 3 - 4 , medium (f) = 5-8 , stiff (st) = 9-15, very stiff (vs) = 16-30, hard (h) >30 
Color: br = brown, gy = grey, gn = green, yl = yellow, ol = olive, og = orange, bl  = black
Plasticity: np = non plastic, sp = slightly plastic, mp = moderately plastic, hp = highly plastic, vhp = very highly plastic

Name (Density, Color, Classification), Moisture, Plasticity, Secondary grain Size, (USC Group Symbol)

Sample

G
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Boring located on East Chop Ave. 60' north of drive #180, on EOP  ATV rig,  all SPT taken with safety hammer - cathead (1.5 wraps) (Ef 70%).
Drill and wash w/SPT and sampling 5' intervals. Blow counts shown in (xx) are corrected to N70
SPT done with 2" split spoon sampler and safety hammer, dropped by cathead (2 wraps)
          

Total Depth of Hole Job No
Depth to Cored Rock Driller

Logged By

Boring 
Page
Date
Weather

Groundwater Depth Project Name



SPT-5
2 of 2
8-Nov-16
Sunny, 40-50d , Calm

+/-25' feet East Chop Slope Stabilization
61 feet

N/A feet New England Boring, Jerry, James
M.Campagnone, P.E. CLE Engineering

Elev. Depth Soil & Rock Descriptions
45 Type Blows Uncorr Pen. Rec.

& per (Corr)
feet feet No. 6" Blows inch inch

-9' to 54' to S-12 23 26 24" 6 S12= Med dense, yellow, Fine-med sand, ltle gravel, trc silt (SW/SP)
-11' 56' 14

12 Drill & Wash open hole
8

-14' to 59' to S-13 12 25 24" 11 S13= Dense, yellow, Med-crse sand, wet, little gravel, trc silt (SP)
-16' 61' 11

14 Drill & Wash open hole
21

Notes:

Key: Fines Content: trace (tr) = <5%, little (lt) = 6-15%, few = 16-30%, some (sm) = 31-49%
Cohesionaless Soil Density (blows/ft):  very loose (vl) = 0-4, loose (l) = 5-10, medium dense (md) = 11-29, dense (d) = 30-49 , very dense (vd) = 50+ 
Cohesive Soil Consistency (bows/ft): very soft (vs) <2, soft (s) = 3 - 4 , medium (f) = 5-8 , stiff (st) = 9-15, very stiff (vs) = 16-30, hard (h) >30 
Color: br = brown, gy = grey, gn = green, yl = yellow, ol = olive, og = orange, bl  = black
Plasticity: np = non plastic, sp = slightly plastic, mp = moderately plastic, hp = highly plastic, vhp = very highly plastic

Name (Density, Color, Classification), Moisture, Plasticity, Secondary grain Size, (USC Group Symbol)

Sample
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ra
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Boring located on East Chop Ave. 60' north of drive #180, on EOP  ATV rig,  all SPT taken with safety hammer - cathead (1.5 wraps) (Ef 70%).
Drill and wash w/SPT and sampling 5' intervals. Blow counts shown in (xx) are corrected to N70
SPT done with 2" split spoon sampler and safety hammer, dropped by cathead (2 wraps)
          

Total Depth of Hole Job No
Depth to Cored Rock Driller

Logged By

Boring 
Page
Date
Weather

Groundwater Depth Project Name



SPT-6
1 of 1
7-Nov-16
Sunny, 40-50d , Wind 15-20 NE, E

+/-25' feet East Chop Slope Stabilization
51 feet

N/A feet New England Boring, Jerry, James
M.Campagnone, P.E. CLE Engineering

Elev. Depth Soil & Rock Descriptions
38 Type Blows Uncorr Pen. Rec.

& per (Corr)
feet feet No. 6" Blows inch inch

38' to ' to S-1 2 5 24" 13" S1= Loose, brown, fine sand, dry, trc silt (SP)
36' 2' 2

3 No Casing set prior to S2
5

34' to 4' to S-2 6 17 24" 15 S2= Med. Dense, orange, Med-Fine sand, dry, trc gravel, trc silt, rock in tip (SP/SW)
32' 6' 8

9 Set 10' of 4" casing, tip to 9'
17 Add quik-gel bentontie drilling mud

29' to 9' to S-3 64 REF 24" 0 S3= Med. Dense, yellow, Fine-med sand, moist, little gravel, little silt,  1" rock in spoon (SW/SP)
27' 11' Ref        Wood in spoon first attempt, Sent spoon dwon with #300 hammer,  recovered 8"

Drill & Wash open hole

24' to 14' to S-4 12 23 24" 7 S4= Med. Dense, yellow, Med-crse sand, moist, little gravel, trc silt (SW/SP)
22' 16' 10

13
13 Drill & Wash open hole

19' to 19' to S-5 12 19 24" 6 S5= Med. Dense, yellow, Med-crse sand, wet, little gravel, trc silt (SW/SP)
17' 21' 10

9
8 Drill & Wash open hole

14' to 24' to S-6 26 95 24" 10 S6= Med. Dense, yellow, Crse-fine sand, wet, some gravel, trc silt, weathered rock (SW)
12' 26' 57

38
34 Drill & Wash open hole

9' to 29' to S-7 7 20 24" 4 S7= Med. Dense, yellow, Med-fine sand, wet, little gravel, trc silt (SP)
7' 31' 7

13
26 Drill & Wash open hole

4' to 34' to S-8 15 26 24" 4 S8= Med. Dense, yellow, Med-fine sand, wet, little gravel, trc silt (SP)
2' 36' 14

12
14 Drill & Wash open hole

-1' to 39' to S-9 17 12 24" 3 S9= Med. Dense, yellow, Med-fine sand, wet, little gravel, trc silt, 1" gravel in spoon (SP)
-3' 41' 7

5
9 Drill & Wash open hole

-6' to 44' to S-10 10 24 24" 7 S10= Med. Dense, yellow, Med-crse sand, wet, little gravel, trc silt (SP)
-8' 46' 12

12
12 Drill & Wash open hole

-11' to 49' to S-11 21 52 24" 5 S11= Dense, yellow, Med-crse sand, wet, little gravel, trc silt (SP)
-13' 51' 25

27
20 Drill & Wash open hole

Notes:

Key: Fines Content: trace (tr) = <5%, little (lt) = 6-15%, few = 16-30%, some (sm) = 31-49%
Cohesionaless Soil Density (blows/ft):  very loose (vl) = 0-4, loose (l) = 5-10, medium dense (md) = 11-29, dense (d) = 30-49 , very dense (vd) = 50+ 
Cohesive Soil Consistency (bows/ft): very soft (vs) <2, soft (s) = 3 - 4 , medium (f) = 5-8 , stiff (st) = 9-15, very stiff (vs) = 16-30, hard (h) >30 
Color: br = brown, gy = grey, gn = green, yl = yellow, ol = olive, og = orange, bl  = black
Plasticity: np = non plastic, sp = slightly plastic, mp = moderately plastic, hp = highly plastic, vhp = very highly plastic

Date

          

Weather
Project Name

Boring 
Page

Job No
Driller
Logged By

Name (Density, Color, Classification), Moisture, Plasticity, Secondary grain Size, (USC Group Symbol)

Depth to Cored Rock 

Groundwater Depth
Total Depth of Hole

Drill and wash w/SPT and sampling 5' intervals. Blow counts shown in (xx) are corrected to N70
SPT done with 2" split spoon sampler and safety hammer, dropped by cathead (2 wraps)

Boring located on East Chop Ave.  21' north of CL Monroe, 10' east of EOP  ATV rig,  all SPT taken with safety hammer - cathead (1.5 wraps) (Ef 70%).

Sample
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  25 Dorchester Avenue, #51549, Boston, MA, 02205

Technical Memorandum

March 23, 2017 

Carlos G. Peña, P.E. 
CLE Engineering, Inc. 
15 Creek Road 
Marion, MA 02738
cpena@cleengineering.com

Re: East Chop Drive Coastal Bank – Preliminary Design Review

Dear Carlos,  

As a follow up to the Condition Update Report provided to CLE Engineering by JCK Underground (JCK) 
on March 10, 2017, the following provides comments/input on the preliminary design of the bluff repair. 
Our comments are based on the review of the preliminary drawings titled East Chop Bluff Repair, Plan 
View, Sections, and Details, dated 01/20/17 included as Attachment A: 

1. Stone Revetment

a. The slope of the stone revetment is consistent with large angular armor stone that are set 
into place. Set stone is more labor intensive then dumped riprap, but can achieve a higher 
slope angle. When constructed properly, large angular stones can typically be used for 
slopes as steep as 1 Vertical to 1.5 Horizontal (1V:1.5H). 

b. If dumped riprap is used for the revetment, we recommend flattening the maximum slope 
to 1V:2H, which is consistent to guidelines provided in U.S. Army Corp of Engineering 
Manual 110-2-1614, Design of Coastal Revetments, Seawalls and Bulkheads, 1995 
(hereafter USACE).

c. The design is consistent with revetments used for Condition I “Low Scour Potential 
Sites”, as shown in Figure 2-4 (below) taken from USACE.  Please note that the 
embedment (“a”) of the riprap is related to the wave height (“H”).

Figure 2-4. Revetment Toe Protection (Designs I through VI) 
(from USACE).



East Chop Drive Coastal Bank – Preliminary Design Review  

March 23, 2017 2 JCK Underground, Inc.

d. Construction will require excavating sands beneath the mud-line, and we expect these 
materials will not hold a steep angle of repose. We recommend planning to extend the 
upper surface of the riprap toe further out, as shown in the figure above for Condition II 
“Low to Moderate Scour Potential Sites”.

e. We recommend wrapping the filter fabric over the top of the riprap as follows: 

Figure 2-8. Use of Filter Cloth Under Revetment and Toe Protection Stone 
(from USACE).

f. The final design should include using manufacturer recommended overlaps between 
strips of filter fabric.

g. We agree with the use of a 1-foot thick layer of filter stone placed on top of the filter 
fabric.

h. The thickness of the revetment, measured perpendicular to the slope, should be: 

i. At least twice the nominal diameter of the W50 stone ( 3/1WD ), where W is 
the weight of the stone in pounds and �� ���� �r) is the unit weight of the stone 
(typically 160 pounds per cubic foot). 

ii. At least 25 percent greater than the nominal diameter of the largest stone

iii. ftWWr
rr

 1,25.1,0.2max
3/1

100

3/1

min50
min

i. We did not check the size of the stone, but it should be sized in accordance to the wave 
height and the slope of the revetment.

j. The Access Ramp Detail on Sheet 4 labels the 3 foot thick middle layer of quarried 
granite as “800-120 LB STONES”. Please revise the 120 to 1200.  The note shall read “3’ 
THICK LAYER OF 800-1200 LB STONES”.  

k. Sufficient free board should be added to the height of the revetment to preclude 
overtopping events from occurring. 



East Chop Drive Coastal Bank – Preliminary Design Review  

March 23, 2017 3 JCK Underground, Inc.

2. Upper Slope Recommendations 

a. Assuming the upper slope is constructed in compacted lifts using sands like what exists 
on the site, we recommend a using 1V:2.3H slope. This recommendation is based on a
factor of safety of 1.5 for permanent slopes, as suggested by NAVFAC DM 7.1, Chapter 
7, Section 5, page 7.1-329. 

b. Slopes as steep as 1V:2H are possible using well graded fill material, however short term 
stability will be depend on the slope being protected from storm erosion. 

c. The long-term stability of the slope is dependent on the prevention of foot traffic from 
accessing the slope and the establishment of erosion-resistant vegetation.

d. The upper slope must also be protected from surface water runoff. Runoff should be 
redirected away from the slope or collected and piped through the slope and discharged 
onto the revetment slope. 

e. The foundations supporting the ADA ramp should be designed such that the weight 
bearing portion of the foundation extends below the freeze line.

If you have any questions or concerns, please e-mail me at Kantola@JCKUnderground.com or call me
directly at (857) 294-1317. 

Sincerely,

JCK Underground 

Joel Kantola, PE
Principal

Attachments:

Attachment A: East Chop Bluff Repair, CLE Engineering, Sheets 1 through 4, dated 1/20/17/ 

gggg

JJJJJJJJJ l K t l PE
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I. Introduction 

 The shoreline evaluated in this study extends from East Chop to the Farm Pond entrance 
(Figure I-1), where much of the shoreline consists of coastal bluffs that historically were fronted 
by a narrow coastal beach.  Shoreline armoring over the past 100+ years have maintained 
upland development, but gradually prevented erosion of coastal bluff sediments that supplied 
sediment to the beach system.  Despite this loss of sediment supply to the beach system, the 
Oak Bluffs shoreline has experienced a relatively modest long-term recession rate of 
approximately 0.5 feet per year; however, recent storms have exacerbated beach erosion and 
threatened coastal infrastructure.  In 2007, the lowering of the nearshore profile along “Pay” 
Beach likely was at least partially responsible for the seawall failure south of the Steamship 
Authority Pier.  Similar to many beach systems along developed shorelines in Massachusetts, 
the shoreline between the East Chop Lighthouse and the Farm Pond entrance can be 
considered “sediment starved”.  Primarily, this has been caused by the construction of seawalls 
and/or revetments along the coastal bluffs that served as a sediment sources to the regional 
beaches.  In addition, a series of groins and jetties have been constructed to either trap sand at 
a specific beach location or stabilize an inlet channel.  As the littoral sediments in the system 
become more depleted, the groins become less effective at trapping sediments and the 
seawalls no longer serve as an effective “last line of defense” against coastal erosion.  A brief 
review of the 1951 USGS map (Figure I-2) compared to the condition of the shoreline today 
(Figure I-3) illustrates the influence of more recently constructed groins accreting sediment at 
“Pay” and “Inkwell” Beaches, while reducing sediment transport to the Harts Harbor barrier 
beach system.  This latter harbor/barrier beach system eventually collapsed, stranding the two 
derelict jetty structures offshore. 

 To evaluate shore protection needs, the Town of Oak Bluffs hired CLE Engineering, Inc. 
to address the condition of existing coastal infrastructure, as well as the various parameters 
(e.g. coastal flood zones, resource areas, etc.) needed as the basis for formulating a solution to 
the ongoing erosion problem.  Since replenishment of the depleted sediment supply via beach 
nourishment will form a portion of the long-term solution for shoreline stability, proactively 
assessing the wave and associated sediment transport patterns through numerical modeling 
provides the information needed to develop an effective design.  Applied Coastal was hired 
through the CLE Engineering contract to evaluate sediment transport processes and associated 
engineering improvements that would improve beach stability and recreational resources within 
the study reach (Figure I-1).  The tasks described below provide additional details regarding the 
approach to analyze local coastal processes between East Chop and the Farm Pond Inlet.  

Task 1 – Shoreline and Bathymetric Change Analysis

 An evaluation of local shoreline change (both recent and long-term) was performed for the 
Oak Bluffs shoreline between East Chop Lighthouse and the Farm Pond entrance.  This 
updated analysis provides significantly greater confidence in the overall results of the shoreline 
change estimates than previous studies performed by the Massachusetts Office of Coastal 
Zone Management.  A differential GPS survey of the observed high water line was performed to 
evaluate recent changes in shoreline position.  This shoreline will extend to appropriate updrift 
and downdrift limits to determine sediment budget parameters.  Comparison of the 2009 
surveyed shoreline position with historic shorelines developed as part of this project provided 
needed information for the evaluation of sediment movement in this region.   
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Figure I-1. Topographic map of Oak Bluffs showing the extent of the north and south study areas. 
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Figure I-2. A portion of the 1951 USGS topographic map of Oak Bluffs showing the generally eroded 
condition of the beach south of Oak Bluffs Harbor entrance, as well as the barrier beach 
system fronting Harts Harbor adjacent to Farm Pond. 

 To assess recent alterations to the nearshore profiles, a comparison of the 2000 NOAA 
LIDAR data to the more recent information collected by CLE Engineering was performed.  A 
bathymetric change analysis utilizing TIN modeling of the two data sets was performed to 
indicate areas of increased scour or accretion.  This additional analysis provided a more 
thorough understanding of sediment transport pathways governing regional beach processes.   
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Figure I-3. The 2005 MassGIS aerial photograph of Oak Bluffs showing the generally eroded 
condition of the beach south of Oak Bluffs Harbor entrance and south of the Inkwell 
Beach groin. 

Task 2: Wave and Sediment Transport Modeling

 A quantitative analysis of coastal processes provided the basis for beach nourishment 
design along the Oak Bluffs shoreline.  However, numerical analysis techniques alone could not 
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provide the needed information for a sediment transport analysis, since the regional sediment 
supply has been severely restricted by construction of shore protection structures.  The results 
of the numerical analysis were directly dependent on the quality of the information input to the 
models.  An in-house developed shoreline model was utilized to assess both shoreline change 
and beach nourishment performance of potential alternative projects.  To ensure accurate 
predictive capabilities for the models, careful evaluation of the input and calibration data sets 
was required.  For the Oak Bluffs shoreline, the following information was critical to the overall 
predictive accuracy of the models including: 

 Nearshore and Regional Bathymetry 
 Local Wind and Wave Data  
 Beach Grain Size Information  
 Historical Shoreline and Bathymetric Change  
 History of Shoreline Armoring and Previous Nourishment Programs  

To properly evaluate natural forces influencing nearshore sediment movement, an 
analysis of coastal processes (primarily waves) governing beach sediment transport was 
performed.  Spectral wave refraction modeling using SWAN was performed to determine how 
nearshore bathymetry modifies the wave climate along the Oak Bluffs shoreline.  The modeling 
effort will incorporate a “nested grid”, where a large scale grid will encompass much of 
Nantucket Sound and a smaller scale fine grid will focus on the primary area of interest between 
East Chop and Farm Pond.  Since this area incorporates the effects of both locally generated 
wind waves and swell generated offshore in the open North Atlantic Ocean, wave 
transformation modeling will require incorporation of both components.  Wave information used 
to drive the wave refraction model was developed from locally available wind information, as 
well as available NOAA and U.S. Army Corps of Engineers data sets for the Atlantic Ocean. 

 In addition to the wind and wave input boundary conditions specified for a full range of 
wave cases, bathymetry and several model parameters also were specified.  The model 
parameters describe the extent and resolution of the computational mesh (separate from the 
bathymetry grid) including nested grids, the directional and frequency resolution of the wave 
spectrum, and wave physics (e.g., breaking, wave-wave interactions).  The SWAN wave model 
is widely accepted in the U.S. and international wave modeling community and has been utilized 
as the basis for numerous U.S. Army Corps of Engineers designs.  For the Oak Bluffs analysis, 
based on Applied Coastal’s experience with SWAN and measurements taken for other projects, 
a wave transformation estimate for the Steamship Pier was developed to incorporate the effects 
of the pier on wave refraction and energy damping.  

 Information from the wave modeling was incorporated into an in-house developed 
longshore sediment transport model.  Typical of any modeling effort, model results can only be 
as good as the data utilized for boundary conditions and calibration.  For the sediment 
transport/shoreline change model, appropriate nearshore wave climate, grain size, and historic 
shoreline change data were required to accurately simulate sediment transport.  Once 
calibrated and validated, the shoreline change model could be used to assess sediment 
transport trends, determine future migration of the shoreline, and evaluate beach nourishment 
and/or coastal structure modifications.   
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Task 3: Analysis of Beach Nourishment and/or Coastal Structure Alternatives 

 Once the shoreline change model was calibrated, it was utilized to simulate the longevity 
and migration of potential beach nourishment projects, including the use of sand trapping 
structures to maximize beach fill longevity.  Based on discussions with the Town, a full range of 
beach nourishment alternatives were evaluated ranging from modest improvements at Inkwell 
Beach to more complete beach nourishment programs extending from the Harbor entrance to 
the Inkwell groin.  Additionally, structural modifications to the Inkwell Beach groin were 
evaluated to enhance the potential of the beach nourishment design life at Inkwell Beach.  It 
should be noted that based on discussions between Applied Coastal the Town and CLE 
Engineering early in the study, nourishment of the armored shoreline north of Oak Bluffs Harbor 
entrance was deemed infeasible. 

 The overall goal of the wave and sediment transport analysis is to provide information 
necessary for the appropriate long-term management of the beach system, as well as design 
guidance for shore protection strategies.  Based on the quantitative understanding of coastal 
processes, effective beach nourishment design can be implemented along the Oak Bluffs 
shoreline.  Utilizing the numerical modeling results as the basis for nourishment templates 
maximizes potential design life and reduces the frequency that re-nourishment will be required.  
In addition to improving recreational benefits of the shoreline, a properly designed beach 
nourishment project will attenuate wave energy during storms.  This natural damping of wave 
energy ensures the long-term stability of infrastructure landward of the beach. 
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II. Geomorphology and Evolution of the Coast 

 Regionally, the northern Martha’s Vineyard shoreline consists of glacial till headlands 
and associated marine deposits in the form of barrier beaches.  Eroded bluff material has 
formed nearshore bars that extend westward towards Vineyard Haven Harbor and southward to 
Oak Bluffs Harbor entrance.  Glacial deposits are the principal source of beach materials, 
consisting primarily of sand with some gravel.  These original sources of beach materials have 
been largely eliminated due to the construction of seawalls and revetments along the shoreline. 

 Oceanographic factors influencing shoreline stability and sediment transport consist of 
waves and tides, as well as the currents associated with these forcing mechanisms.  Waves 
generated by winds in Nantucket Sound are the primary driving force that transports sediment 
along the shoreline.  Exposure to open ocean waves is limited by the extensive system of 
shoals in the vicinity of the opening to the Atlantic Ocean, as well as within Nantucket Sound 
itself.  The Oak Bluffs shoreline lies in the lee of land masses to the west, south, and southeast; 
therefore, wave energy at the shoreline is further restricted.  Onshore winds occur about one 
third of the time. 

 Tides along the Oak Bluffs shoreline are semi-diurnal, with a mean range of 
approximately 2.0 feet (Kelley, 2006).  According to the U.S. Army Corps of Engineers (1965), 
the August 31, 1954 storm surge from Hurricane Carol is the highest water elevation recorded 
at Oak Bluffs Harbor at 8.7 feet above mean low water.  Similar to other coastal regions 
bordering Nantucket Sound, severe storm surges are infrequent events.  In the case of Oak 
Bluffs, a major storm event has not occurred in over 50 years; however, prior to this recent 
paucity of tropical storm activity, Martha’s Vineyard experienced 3 major hurricanes over the 
previous 17 years (in 1938, 1944, and 1954).  While the overall sediment movement is 
governed by average conditions, the perceived need for shore protection is often related to the 
influence of severe infrequent storm events.  

II.1.  Shore Protection History 
Over the past several centuries, natural coastal processes associated with wave action 

have continually reshaped the shoreline along the Oak Bluffs coast.  More recently, 
anthropogenic changes to the system also have influenced beach stability, as well as the tidal 
exchange through the inlet to the marsh.  As depicted in the 1859 hydrographic chart (Figure II-
1), the entire Oak Bluffs shoreline was relatively undeveloped, presumably allowing the regional 
beach and tidal inlet systems to migrate naturally.  This shoreline configuration pre-dated the 
conversion of Squash Meadow Pond to salt water (i.e. Oak Bluffs Harbor) and shows the small 
tidal inlet to Farm Pond prior to roadway construction.  Due to the influence of coastal 
engineering structures on the Oak Bluffs shoreline, future management of the beach system 
should be based upon more recent conditions, where the local littoral sediment supply has been 
severely restricted.   
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Figure II-1. The 1859 hydrographic showing the undeveloped Oak Bluffs shoreline.  At this time, Oak 
Bluffs Harbor had not been created and is shown as a freshwater pond (Squash Meadow 
Pond). 
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Figure II-2. An 1890 birds-eye view of Cottage City showing the condition of the Oak Bluffs shoreline 
including the series of shore perpendicular groins in the vicinity of Pay and Inkwell 
Beaches. 

 In 1880, Cottage City was incorporated and shorefront development began.  As part of 
this development, the Oak Bluffs Harbor jetties were constructed by the state in 1899 (USACE, 
1965).  Around this same time (circa 1890), initial seawall construction was performed by the 
federal government.  The two stone jetties protecting the entrance to Oak Bluffs Harbor were 
subsequently extended and repaired.  A relatively wide sandy beach is still held north of the 
north jetty despite the lack of sandy shoreline along the East Chop bluffs.  The shoreline south 
of Oak Bluffs Harbor has been armored with a series of concrete or wood seawalls, and stone 
revetments.  These shore protection structures were initiated prior to 1900 as shown in Figures 
II-2 and II-3.  In addition, timber and stone groins have been added to the regional shore 
protection since 1925.  During the late 1800s, numerous hotels and bath house facilities were 
constructed on the beach, along with a raised railroad track (Figures II-3 and II-4). 

The railroad along the shoreline closed in 1896 and the tracks were subsequently 
removed from the beach (Figure II-5).  When the U.S. Army Corps of Engineers conducted a 
beach erosion control study in 1965, approximately one-third of the shoreline between Oak 
Bluffs Harbor entrance and Farm Pond consisted of a narrow sandy beach that was between 10 
and 15 feet wide at high water.  Over the past 40+ years, modifications to the Pay Beach groin 
has created a substantial recreational beach resource north of the structure; however, ongoing 
deterioration of the timber groins has allowed loss of the remaining beach north of the 
Steamship Authority pier.  Lowering of the beach system along much of the Oak Bluffs shoreline 
has exposed many of the revetments and seawalls to more frequent wave attack.  In general, 
the seawalls along the Oak Bluffs shoreline were designed for conditions where the beach was 
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wider and at a higher elevation.  As continued coastal erosion occurs, the under-designed 
seawalls will become more unstable, possibly leading to structural failures during severe storm 
events.

Figure II-3. Developed shoreline at Cottage City in the late 1800s showing a timber groin in the 
foreground. 
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Figure II-4. Developed shoreline at Cottage City circa 1900. 

Figure II-5. A late 1800s photograph showing the ferry pier and railroad track on beach. 
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II.2.  Shoreline and Bathymetric Change 
Use of shoreline and bathymetric change information allows quantification of coastal 

processes by providing a measure of nearshore accretion or erosion.  In general, accurate 
shoreline data sets cover a significantly longer period of time than bathymetric data sets.  While 
the U.S. Coast & Geodetic Survey historically collected detailed bathymetry information, the 
spatial coverage is sparse relative to contemporary data sets; therefore, these older data sets 
can be inappropriate to utilize for small-scale coastal change assessment.  For the Oak Bluffs 
shoreline, high quality shoreline data sets are available dating back to the mid-1800s.  This 
160+ year time period covers the transition of the shoreline from an unaltered natural 
beach/bluff system to the highly engineered shoreline that exists today.  Available bathymetry 
data sets provide more limited information, but could be evaluated qualitatively to assess 
potential sediment transport mechanisms. 

 Rates of change in high-water shoreline position for the time intervals between August 
1846, March 1955, and April 2005 were evaluated from East Chop to the Hartshaven jetties in 
Oak Bluffs.  The September 2009 shoreline position was also evaluated along the stretch of 
beach 1000 feet north of the Oak Bluffs Harbor jetties and 3500 feet south of the jetties; the 
remainder of the shoreline had no high tide beach.  The 1846 shoreline position was mapped 
using traditional survey procedures and complied on U.S. Coast & Geodetic Survey 
Topographic Sheet T-00204.  The 1955 shoreline position was compiled from aerial surveys 
and supplemental land surveys on Topographic Sheet T-10641.  Scans of the original T-sheets 
were geo-referenced in ArcGIS and the shorelines were extracted by on-screen digitizing using 
the line drawing tool.  The 2005 shoreline position was visually interpreted from color 
orthophotographs available to download from the MassGIS database website.  The 2009 
shoreline survey was conducted using a differential Global Positioning System (GPS).  The 
location of the GPS shoreline was determined visually from morphologic features present on the 
beach and/or from a debris line when available. 

 The high-water shoreline position change rates were calculated in the Automated 
Shoreline Analysis Program that is run as an extension in ArcGIS (ArcASAP).  This program 
requires a user-defined spatial interval (50 ft was used for this study) and the general shoreline 
orientation to determine the amount of shoreline advance or retreat for the time interval.  
ArcASAP performs the shoreline change calculations by casting normal transects from the 
earlier shoreline at each analysis point specified along the input shoreline to the later shoreline.  
The data output is a table of shoreline change magnitudes and rates for each transect where 
shoreline change denoted with a minus sign represents erosion. 

 All shoreline position data contain inherent errors associated with field and laboratory 
compilation procedures.  The potential measurement and analysis uncertainty between the data 
sets is additive when shoreline positions are compared.  Because the individual uncertainties 
are considered to represent standard deviations, a root-mean-square (RMS) method was used 
to estimate the combined potential uncertainties in the data sets.  The positional uncertainty 
estimates for each shoreline were calculated using the information in Table II-1.  These 
calculations estimated the total RMS uncertainty to be ±41.7 ft or ±0.4 ft/year for the time 
interval 1846 to 1955, ±30.5 ft or ±0.6 ft/year for 1955 to 2005, ±34.8 ft or ±0.2 ft/year for 1846 
to 2005 and ±20.0 ft or ±5.0 ft/year for 2005 to 2009. 

 Tables II-2 and II-3 show maximum, minimum, and average change rates for the different 
time intervals.  During the 163 year time period, shoreline change rates ranged from 2.4 to -5.9 
ft/year.  The largest accretion and erosion rates both occurred during the later time intervals, 
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along the entire stretch of coastline from 1955 to 2005 and both north and south of Oak Bluffs 
Harbor from 2005 to 2009.  The smallest change rates occurred during the long-term time 
intervals, 1846 to 2005 and 1846 to 2009.  The highest average erosion rate, -1.83 ft/year, 
occurred between 2005 and 2009.  The highest erosion rates for all time intervals occurred 
along the shoreline in front of Farm Pond at the southern end of the study area.  The main 
instances of shoreline advancement occurred on the updrift sides of groins or jetties.  The 
various time periods analyzed for historical shoreline change are shown graphically in Figures 
II-6 through II-9.

Table II-1. Estimates of Potential Error Associated with Shoreline Position Surveys. 
Traditional Engineering Field Surveys (1846) 
Position of rodded points 
Location of plane table 
Interpretation of high-water shoreline position at rodded points 
Error due to sketching between rodded points 

±3 ft 
±7 to 10 ft 
±10 to 13 ft 
up to ±16 ft 

Cartographic Errors (1846, 1955) Map Scale 1:10,000 
Inaccurate location of control points on map relative to true field 
location 
Placement of shoreline on map 
Line width representing shoreline 
Digitizer error 
Operator error 

Up to ±10 ft 
±16 ft 
±10 ft 
±3 ft 
±3 ft 

Historical Aerial Surveys (1955) Map Scale 1:10,000 
Delineating high-water shoreline position ±16 ft 
Orthophotography (2005) 
Delineating high-water shoreline position 
Position of measured points 

±10 ft 
±10 ft 

GPS Surveys (2009) 
Delineating high-water shoreline position 
Position of measured points 

±3 to ±10 ft 
±3 to ±10 ft 

Table II-2. Shoreline Change Rates to April 2005 (entire study area) 
Minimum ft/year Maximum ft/year Average ft/year 

August 1846  -3.94  1.25 -1.05
March 1955  -5.91  2.43 -0.69 

Table II-3.  Shoreline Change Rates to September 15, 2009 (along Oak Bluffs Harbor) 
Minimum ft/year Maximum ft/year Average ft/year 

August 1846  -1.25  0.36 -0.61
March 1955  -1.28  1.84 -0.20 
April 2005  -5.92  2.40 -1.83
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Figure II-6. Long-term shoreline change between August 1846 and April 2005 for the Oak Bluffs 
shoreline between East Chop and the Farm Pond entrance.  Shoreline change is color-
coded, where the highest erosion is represented as red and the highest accretion is 
shown as blue. 
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Figure II-7. Shoreline change between August 1846 and March 1955 for the Oak Bluffs shoreline 
between the harbor and the Farm Pond entrance.  Shoreline change is color-coded, 
where the highest erosion is represented as red and the highest accretion is shown as 
blue. 
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Figure II-8. A close-up of the long-term shoreline change between August 1846 and September 2009 
for the Oak Bluffs shoreline between the beach north of the harbor and Inkwell Beach.  
Shoreline change is color-coded, where the highest erosion is represented as red and the 
highest accretion is shown as blue.  Areas where the 2009 shoreline was not surveyed 
had no high tide beach; therefore shoreline change calculations were not performed for 
these areas. 
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Figure II-9. A close-up of the long-term shoreline change between March 1955 and September 2009 
for the Oak Bluffs shoreline between the beach north of the harbor and Inkwell Beach.  
Shoreline change is color-coded, where the highest erosion is represented as red and the 
highest accretion is shown as blue.  Areas where the 2009 shoreline was not surveyed 
had no high tide beach; therefore shoreline change calculations were not performed for 
these areas. 
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 The average change rates for the time period show an overall trend of shoreline erosion.  
The shoreline has been steadily retreating everywhere since 1846 except for the stretch of 
beach in front of Hartshaven (up to 500 feet north of the jetties) and a small area on the updrift 
side of the Pay Beach groin.  The shoreline continued to retreat after 1955 but the average rate 
of erosion decreased by approximately 0.4 ft/yr.  Erosion rates remained high in front of Farm 
Pond and down to the northern end of Hartshaven during this time period.  The barrier beach 
historically fronting the Farm Pond region has lost its sediment supply due to armoring of the 
Oak Bluffs shoreline further to the north (updrift).  The groin located immediately north of the 
Farm Pond culvert has been relatively ineffective and is not presently trapping enough sand to 
maintain a beach in front of the seawall.  The groin located at the southern end of Inkwell Beach 
has also not caused a significant amount of shoreline accretion; however, this is likely due to the 
substantially longer and higher groin located to the north at Pay Beach.  This large groin was 
built sometime after the 1965 Army Corps report and has caused the shoreline to advance on 
the updrift side between 1955 and 2005.  The stretch of shoreline from this groin north to Oak 
Bluffs Harbor was erosional from 2005 to 2009; however, the estimates of potential error 
associated with calculations for this time period show that the majority of the values lie within 
the uncertainty range.  The erosion during this time interval could also be due to seasonal 
beach changes.  These differences are normal when comparing shoreline positions from 
different times of the year.

 Changes in shoreline position and bathymetry were also evaluated from the Oak Bluffs 
Harbor south jetty to the seawall fronting Farm Pond.  The changes in beach morphology were 
measured by comparing LIDAR (Light Detection and Ranging) and beach profile data from two 
different years.  A surface model was created from each dataset and the overlapping portions 
were compared for each time period.  The LIDAR dataset was downloaded as irregularly 
spaced x-y-z points from the NOAA Coastal Services Center website.  These data were 
collected by NOAA and the USGS in September 2000.  Beach profile measurements were 
collected by CLE Engineering using standard land surveying techniques, as well as a single-
beam fathometer, in September 2008.  The data were collected up to 800 feet offshore and up 
to 300 feet inland behind the high-water shoreline and across Seaview Avenue.  The beach 
profile dataset is composed of over 50 shore normal transects of elevation measurements 
approximately every 5 to 10 feet for the offshore section, and every 20 to 50 feet for the upland 
section.  The elevation data were also collected around the Steamship Authority pier south of 
Oak Bluffs Harbor entrance.   

 A model representing the surface morphology of the beach and bathymetry was produced 
for each dataset by creating a triangular irregular network (TIN) in the 3-D Analyst extension of 
ArcGIS.  The TINs were created by interpolating between the points in each dataset to form a 
network of triangles.  The points remain in their original geographic position and become the 
triangle vertices, which preserves the precision of the input data.  These vertices are connected 
by a series of edges to form the triangle network.  There are numerous methods of interpolation 
that can be used to form these triangles and the Delaunay triangulation method was selected for 
this analysis.  The TINs were converted to raster surfaces using 3-D Analyst so that the data 
could be more easily viewed and manipulated.  The raster converts the data to a grid composed 
of rows and columns where each cell is assigned an elevation value that is pulled directly from 
the triangle planes in the TIN.  In this case, a 1 meter cell size was used for the grids.  The two 
surfaces were subtracted from each other in 3-D Analyst to determine elevation changes.  The 
final change surface represents the changes in the on and offshore beach morphology that took 
place between September 2000 when the LIDAR survey was conducted and September 2008 
when the beach profiles were collected. 
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 Figure II-10 shows the changes in elevation that occurred in the area where the datasets 
overlapped.  Because the 2008 beach profile surface elevation model was subtracted from the 
2000 LIDAR surface, the negative values represent erosion that occurred during the 8 year time 
period and the positive values symbolize accretion.  The most erosion (more than 5 feet of 
elevation loss) occurred on the downdrift sides of the Oak Bluffs Harbor south jetty and the groin 
located just south of Inkwell Beach, above the high-water shoreline position adjacent to the road 
south of Oak Bluffs Harbor park and in a few areas just below the north section of the seawall.  
Erosion also occurred at the high-water shoreline between the Oak Bluffs Harbor jetty and the 
ferry pier and in front of the middle of the park, between the road and high-water line south of 
park on the updrift side of the long groin, at the foot of the seawall and on the downdrift side of 
the smaller groin located south of the bend in the seawall.  Accretion on and offshore in the 
study area did not occur as often.  There was some accretion above the position of the high-
water shoreline just south of the ferry dock, along the road in several areas, on the beach above 
high-water updrift of the long groin and along the top of the seawall.  There was also up to 5 feet 
of accretion offshore along the entire stretch of beach.  

 Most of the erosion along this coastline occurred on the downdrift sides of the jetties and 
groins.  These structures trap the sand that moves from north to south due to longshore 
transport.  This has allowed the beach to build out on the north side of the long groin but has 
prevented some sand from reaching the beach south of the entrance to Oak Bluffs Harbor.  
Erosion of the beach in front of the seawall occurs because the wall blocks one of the main 
sediment sources to the beach.  The seawall also changes the way the waves strike the beach 
and transport the remaining sand.  Areas of erosion or accretion adjacent to the road were most 
likely the result of changes in the man-made structures that provide a barrier between the road 
and the beach.  Some of the erosion could be the result of a large wave or high water event 
during a storm.  Other erosion and accretion is likely to correspond to anthropogenic changes 
and additions to the protection structures.  It is possible that the widespread offshore sand 
accumulation occurred naturally, however, it is more likely that the accretion actually represents 
unreliable lidar data in the deeper water in this particular LIDAR survey. 
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Figure II-10. Bathymetric change computed from 2000 LIDAR data and single-beam hydrographic 
survey from 2008.  Bathymetric change is color-coded, where the highest erosion is 
represented as red and the highest accretion is shown as blue. 
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III.  Coastal Processes Modeling 

 A shoreline modeling analysis was performed to assist in the development of a practical 
management plan for the shoreline of the Town of Oak Bluffs, with a focus on the shoreline 
south of Oak Bluff Harbor Inlet.    The Town shoreline is divided into two study areas; 1) the 
north study area which extends 3800 feet from the East Chop Light House to the East Chop 
Beach Club; and 2) the south study area which extends 4900 feet from the Oak Bluff Harbor 
jetty south to Farm Pond Inlet.   The two divisions of used in this study are indicated in  Figure 
III-1.  To determine the local sediment transport pathways associated with the observed 
shoreline change, an in-depth scientific analysis was performed to quantitatively evaluate wave 
and longshore sediment transport processes that influence sand movement along the sandy 
portion of the Town’s shoreline.  

Figure III-1. Topographic map of Oak Bluffs showing the extent of the north and south study areas, 
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 Waves provide the driving forces governing erosion and the observed accretion/erosion 
along the study area shoreline.  Along the sandy shoreline segments of Oak Bluffs, approaching 
waves predominately are generated locally in Nantucket Sound by winds.  To predict areas of 
wave energy concentration and the direction of waves approaching the shoreline, a wave 
refraction analysis was performed.  This analysis computed the nearshore wave climate of Oak 
Bluffs based on local wind and offshore wave data.  The wave modeling predicted the major 
effects of long-term average wave conditions on the beach area and provided the basis for 
determining trends in sediment transport.  The distribution of nearshore wave energy developed 
by this modeling was utilized to drive the shoreline change/longshore sediment transport model.  
Once the shoreline change model was calibrated to historical conditions, the model was utilized 
to evaluate engineered options for the improvement and maintenance of the Town’s recreational 
beach resources.   

 The transport of beach sediments along the shoreline of Oak Bluffs are induced by 
complex wave patterns and can be determined using empirical relationships that describe 
sediment transport potential.  Coded as a computer model, these empirical methods can be 
used to obtain an understanding of existing coastal processes, and are verified through 
comparison to field measurements.  Establishing a model of existing conditions allows for 
subsequent analyses of proposed nourishment alternatives for a shoreline.   

III.1.  Wave Modeling 
 The sediment transport calculations depend upon a long-term wave data record.  Ideally, 
this wave record would come from a data buoy stationed offshore of the site being modeled.  In 
the absence of such a source of long-term data, there are few other options for retrieving wave 
data.  For sites located on the open coast, simulated long-term wave records are available 
through the Wave Information Study (WIS) conducted by the U.S. Army Engineer Waterways 
Experiment Station (WES).  The WIS program has generated hindcast wave data for waves 
propagating from Open Ocean, through the use of computer simulations, for many sites along 
the U.S. coast.  

 For the shore of Oak Bluffs, the direct open ocean exposure of the shoreline is limited by 
its relatively sheltered location in Nantucket Sound, though some wave energy can propagate to 
the site from the eastern opening of the Sound between Monomoy and Nantucket (Figure III-2).  
Waves generated locally, within Nantucket Sound, are a greater source of wave energy for the 
site.  Because it was not initially known what the contribution offshore waves made to sediment 
transport at the study shoreline, the wave climate was estimated using a method that 
incorporated offshore waves and locally generated wind waves. 

 In this study, a three-part procedure was followed for the generation of wave input for the 
sediment transport analysis.  First, a long-term wave and wind data record was collected and 
processed.  Second, the processed wave and wind data were used as inputs into the two-
dimensional wave transformation model SWAN.  Third, output from this program was then used 
to generate the wave input record used in the sediment transport calculations. 
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Figure III-2. Regional map of Martha’s Vineyard, centered on Oak Bluffs.

III.1.1.  Wave and Wind Data
 For this study, wave conditions were generated using the wind and wave data available 
from both the National Data Buoy Center (NDBC) C-MAN station (BUZM3) and the WIS 
hindcast record from station 71.  The C-MAN data were used to develop wind speed input data 
for the wave model runs.  The C-MAN platform is located 3.8 NM west of Cuttyhunk and has a 
record that spans the nearly 23-year period between August 1985 and December 2008.  The 
WIS data were used to develop offshore wave boundary conditions.  The WIS station is located 
17.3 NM east of Great Point on Nantucket and has a record spans the 20-year period between 
January 1980 through December 1999.     

 The entire wave and wind records from the C-MAN platform and the WIS hindcast are 
presented in Figures III-3 and III-4, respectively, as compass rose plots which show magnitude 
and percent occurrence as a function of direction.  For the C-MAN record of winds, the 
predominant direction from where the winds blow is the southwest, where the percent 
occurrence is approximately 13%.  For sectors approaching the Oak Bluffs shoreline (NE 
through E) winds greater than 25 knots blow 1.1 % of the total 23-year span of the record.  From 
all direction sectors, wind speeds are greater than 10 knots 73.4% of the record and greater 
than 25 knots for 12.2% of the record. 

 For the wave data of the WIS hindcast record, the predominant sector is from due south.  
Waves propagate from this direction 13.0% of the time.  The second-most frequently occurring 
sector at this station is SSW, which occurs 10.1% of the time.  Ocean waves approaching 
Nantucket Sound from the E sector occur 6.3% of the time.  Most of the waves from this sector 
(approximately 3% of the total record) have amplitude less than 3 feet.  The 6.5 to 9.5 second 
wave period band from the east has the greatest occurrence (6.7%) of this sector. 
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Figure III-3. Wind rose of data from the Buzzards Bay C-MAN station, for the 23-year period between 
August 1985 and December 2008.  Direction indicates from where wind was blowing.  
Grey tone segments indicate magnitude of wind speeds.  Radial length of each segment 
indicates percent occurrence over the total duration of the data record. 

Figure III-4. Wave height and period for hindcast data from WIS station 71 (offshore Monomoy 
Shoals) for the 20-year period between January 1980 and December 1999.  Direction 
indicates from where waves were traveling, relative to true north.  Radial length of gray 
tone segments indicates percent occurrence for each range of wave heights and periods.  
Combined length of segments in each sector indicate percent occurrence of all waves 
from that direction. 
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 To develop the wind input conditions for the wave model, the wind data from the C-MAN 
record were binned by 22.5-degree compass sector and by magnitude, as presented in Table 1.  
For each separate sector, the hourly events from the wind record were divided into top, middle 
and bottom bins, e.g., the fastest third of winds were placed in the top bin, and the slowest third 
of winds were placed in the bottom bin, with the remainder placed in the middle bin.  After 
sorting the 169,072 total hourly time steps of the buoy record, the average was computed for 
each bin. 

 The WIS hindcast record was used to determine the offshore wave input conditions.  Each 
hourly WIS record includes parameters that describe the wave conditions (i.e., wave period, Tp;
wave height, Hs; and direction, ) and wind (direction and speed) at the station.  The wave 
parameters from each hourly wave record in the WIS were binned based on wind speed and 
direction, similar to the process used with the buoy data.  This method of sorting the wave data 
determines the average wave conditions that correspond to each binned wind case for input into 
the wave model. 

 Thirty-two separate model cases (i.e., three wave cases from each of 10 sectors) were 
developed by this processing of the wind and wave data of the WIS record.  The 10 ten 
compass sectors from NW to SSE include all winds that generate waves to drive sediment 
transport along the study shoreline.   The percent occurrence of each separate case is 
determined by dividing the percent occurrence of the appropriate sector, listed in Table 1, by 
one-third. 

III.1.2.  SWAN Model Development 
 As locally generated and offshore wave components propagate into shallower water near 
shore, the height of the shoaling waves will change, and they will gradually change direction to 
conform to the bathymetry in that area.  In order to estimate how waves will change as they 
grow under the influence of winds blowing across the surface of Nantucket Sound and move 
toward the Oak Bluffs shoreline, the two-dimensional wave transformation program SWAN was 
used.   As discussed previously, wind data from the NOAA buoy and wave data from the WIS 
hindcast were used as boundary input to the runs of SWAN.   

 Developed at the Delft University of Technology of the Netherlands, SWAN Cycle III 
version 40.51AB is a steady state, spectral wave transformation model (Booij, et al., 1999).  
Two-dimensional (frequency and direction vs. energy) spectra are used as input to the model.  
SWAN (an acronym for Simulating Waves Nearshore) is able to simulate wave refraction and 
shoaling induced by changes in bathymetry and by wave interactions with currents.  The model 
includes a wave breaking model based on water depth and wave steepness.  Model output 
includes significant wave height Hs, peak period Tp, and wave direction .

 SWAN is a flexible and efficient program based on the wave action balance equation that 
can quickly solve wave conditions in a two-dimensional domain using the iterative Gauss-Seidel 
technique.  For this study, the model was implemented using a steady state finite-difference 
scheme, on a regular Cartesian grid (grid increments in the x and y directions are equal), though 
other options are available (including a finite difference formulation using an unstructured 
mesh).  An advantage of the iterative technique employed in SWAN it that it can compute 
spectral wave components for the full 360-degree compass circle. 
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Table III-1. Wave model input parameters, listed by compass sector and wind velocity bin (i.e., 
bottom, middle and top thirds).  Listed offshore wave parameters include compass 
direction � o, wave period To and wave height Hs,o.  Angles are given in the 
Meteorological convention (i.e., from where the wind blows in compass degrees). 

sector percent 
occ.

 wind angle 
(degrees) 

wind speed 
(kts) 

o
(degrees) 

To
(seconds) 

Hs,o
(feet)

NW 2.2% top 1/3 313.6 20.5 236.5 7.0 7.0 
  mid 1/3 314.1 13.4 272.6 5.6 4.2 
  bot 1/3 314.8 7.2 179.0 6.3 2.7 

NNW 1.7% top 1/3 337.2 19.3 204.5 7.2 8.1 
  mid 1/3 337.1 12.4 253.4 5.7 4.2 
  bot 1/3 337.1 6.7 158.3 6.5 2.8 

N 1.9% top 1/3 0.4 19.6 29.3 7.6 9.5 
  mid 1/3 0.5 12.3 53.8 5.9 4.6 
  bot 1/3 0.2 6.7 116.6 6.5 3.0 

NNE 1.9% top 1/3 23.5 23.3 39.4 7.7 9.7 
  mid 1/3 22.9 14.1 50.9 6.0 4.8 
  bot 1/3 22.6 7.2 119.8 6.6 2.8 

NE 1.9% top 1/3 43.6 21.0 56.7 7.4 9.0 
  mid 1/3 44.9 13.1 65.2 5.9 4.3 
  bot 1/3 45.1 6.7 115.2 6.4 2.7 

ENE 1.2% top 1/3 66.3 18.4 73.2 6.6 7.3 
  mid 1/3 66.1 10.9 86.6 5.8 3.6 
  bot 1/3 66.7 5.4 127.8 6.6 2.6 

E 0.9% top 1/3 89.4 18.9 89.0 6.2 6.9 
  mid 1/3 90.0 10.1 101.2 5.9 3.3 
  bot 1/3 89.7 4.8 127.0 6.5 2.5 

ESE 1.0% top 1/3 113.8 19.5 107.1 5.9 6.1 
  mid 1/3 113.4 10.7 115.0 5.8 3.1 
  bot 1/3 113.0 5.1 131.7 6.5 2.4 

SE 1.2% top 1/3 135.0 19.0 127.0 5.9 6.0 
  mid 1/3 134.8 10.5 123.8 6.0 2.9 
  bot 1/3 135.2 5.2 136.5 6.4 2.2 

SSE 1.3% top 1/3 157.7 18.8 146.7 5.9 6.1 
  mid 1/3 157.8 10.3 136.5 5.9 2.9 
  bot 1/3 157.6 5.2 137.8 6.4 2.2 

   
 In addition to the wind and wave boundary conditions specified for each of the wave 
cases, bathymetry and several model parameters must be specified.  The model parameters 
describe the extent and resolution of the computational mesh (separate from the bathymetry 
grid) including nested grids, the directional and frequency resolution of the wave spectrum, and 
wave physics (e.g., breaking, wave-wave interactions). 

 The SWAN model developed for Oak Bluffs used a coarse grid with 200-meter spacing for 
the region including the offshore region beyond the Muskeget Channel and Monomoy Shoals 
(Figure III-5), and a fine nested mesh with a  5-meter spacing for the area proximate to the 
study area (Figure III-6).   The National Ocean Service (NOS, 1998) was the main source of 
bathymetric data used to create the coarse and fine grids.  A nearshore bathymetry survey 
performed by CLE in 2008 provided recent nearshore data for the fine grid.  Depth data digitized 
from NOAA charts were also used in areas where no data were available from the other 
sources.  All bathymetry data were transformed to the mean tide level (MTL) datum. 
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Figure III-5. Map showing wave model grid limits and bathymetry, for both the coarse model grid of 
Nantucket Sound, and the fine model grid for the Oak Bluffs study area.  

The coarse grid was used to propagate the offshore waves developed from the analysis 
of the WIS hindcast record, and also generate wind-waves in Nantucket Sound.  The nested 
fine mesh serves to provide detailed wave information at the shoreline of Oak Bluffs.  The fine 
grid model results utilize wave output from the coarse model grid for boundary conditions.  As 
executed, spatially varying model output from the coarse grid (at points that correspond to 
nodes along the fine grid open boundary) is used as the boundary condition for the fine grid 
model runs, therefore the fine grid results are truly nested within the coarse grid simulations.   

 The coarse grid is made up of 58,911 computational cells with a spacing of 656 feet (200 
meters).  The x-axis of the grid is 36.8 miles (59.2 km) or 269 cells long.  The y-axis of the grid 
is 27.2 miles (43.8 km) or 219 cells long.  The y-axis is oriented due north.  The greatest depth 
in the coarse grid domain is -120.0 feet MTL (-36.6 m).   

 The fine mesh is made up of 193,041 computational cells with a spacing of 16.4 feet (5 
meters).  The y-axis of this mesh is oriented along the compass heading 65 degrees (~ENE).  
The x-axis is made up of 801 cells, for a total length of 2.5 miles (4.0 km).  The y-axis is made 
up of 241 cells for a total length of 0.7 miles (1.1 km).  The greatest depth in the fine grid 
domain is located along the north open boundary, where depths vary between -17.5 ft and -58.6 
ft MTL (-5.3 m and -17.8 m).
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Figure III-6. Map showing wave model grid limits and bathymetry, for the fine model grid of the area of 
Oak Bluffs.  The limits of the shoreline used in the sediment transport analysis are 
indicated.  Ten-foot bathymetric contours are also indicated.  

 Wave blocking structures included in the fine grid model are the harbor jetties (Figure III-
7), the steamship pier (Figure III-8) and the Pay Beach Groin (Figure III-9).  Transmission 
coefficients set in the model were estimated based on the physical characteristics of each 
structure.  The wave height transmission coefficient of the harbor jetties was set to 0.0 (0% 
transmission) based on the elevation of these stone structures.  The steamship pier 
transmission coefficient was set to 0.8 (80% transmission) which allows most of wave energy to 
pass through.  Finally, the Pay Beach groin transmissivity was set to 0.5, based on the low 
elevation of the groin extension. 
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Figure III-7. September 2009 view of the Oak Bluffs Harbor south jetty, looking northwest from the 
shoreline fronting Seaview Avenue Extension. 

Figure III-8. September 2009 view from the southwestern side of the Steamship Pier. 
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Figure III-9. September 2009 view of the Pay Beach Groin, looking northwest from Inkwell Beach. 

 The wave spectrum resolution specified for the model runs of both coarse and fine model 
meshes included the full 360-degree compass circle divided into 72, five-degree segments, with 
40 discrete frequencies, between 0.06 and 1.00 Hz (corresponding to periods of between 16.7 
and 1.0 seconds).   

 Examples of wave model output are presented in Figures III-10 through III-13, from coarse 
and fine grids, for the top NE and SE wind cases (Table 1).  In this plot the color contours 
indicate wave height and vectors are used to indicate the direction of wave propagation.   

 For the NE wind case, offshore waves with heights of 9 feet approach the entrance to 
Nantucket Sound in the course grid (Figure III-10).  Most of the offshore wave energy is blocked 
by the shoals between Monomoy and Nantucket, which results in waves that are 3.3 feet 
between Squash Meadow Shoal and the shoreline of the Vineyard (Figure III-11).  The 
sheltering effect of the steamship pier can also be clearly seen just south of the harbor. 

 For the SE wind case, offshore waves are blocked by Nantucket  (Figure III-12).  
Therefore, most of the wave energy propagating to the study shoreline is locally generated 
along the fetch that stretches between East Chop and Nantucket.  The resulting wave just 
offshore of the study shoreline (Figure III-13) has a height of 2.4 feet and a peak period of 4.5 
seconds. 
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Figure III-10. Coarse grid output for top NE wind case (top half of winds blowing from the NE sector, 
with 9.0 ft offshore wave approaching from the NE sector).  Color contours indicate wave 
heights and vectors show peak wave direction. 

Figure III-11. Fine grid output for to NE wind case (top half of winds blowing from the NE sector).  Color 
contours indicate wave heights and vectors show peak wave direction. 
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Figure III-12. Coarse grid output for top SE wind case (top half of winds blowing from the west sector, 
with 3.5 ft offshore wave propagating to the SE sector).  Color contours indicate wave 
heights and vectors show peak wave direction. 

Figure III-13. Fine grid output for top SE wind case (top half of winds blowing from the west sector).  
Color contours indicate wave heights and vectors show peak wave direction.   
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III.2.  Shoreline Evolution Modeling 

 Various types of models may be utilized for studying the transport of beach sediment and 
the consequent shoreline change resulting from waves.  The technical sophistication of models 
ranges from simplified mathematical solutions of equations governing broad physical principles 
(analytical models) to highly complex computer models that simulate natural phenomena 
contributing to coastal erosion.  The most complex computer models (three-dimensional 
models) require the most detailed input data.  The model best suited for studying the Oak Bluffs 
study area shorelines falls in the middle of this technical range.  While simplified analytical 
models ignore many of the important principles governing shoreline change, the most complex 
models attempt to simulate the inter-relation of complex physical phenomena not fully 
understood by scientists/engineers.  Thus, a blend of advanced scientific principles with 
practical engineering assumptions are used in the development of a useful shoreline change 
model.

 Shoreline evolution modeling for the Oak Bluffs shoreline was performed using a “one-
line” longshore transport computer code.  So called “one-line” models simulate the evolution of a 
shoreline through time, at one specific contour level, e.g. the mean water level, based on the 
assumption that the nearshore bathymetry (to the depth of closure used to define the active 
extent of the beach profile) can be adequately represented by straight and parallel contours.  
The formulation of shoreline models is very well documented in the literature, e.g., Dean and 
Dalrymple (2001), Hansen and Kraus (1989). 

III.2.1. Sediment Transport Modeling 
 As integral part to the coastal processes that are at work to shape the shoreline of Oak 

Bluffs, an evaluation of sediment transport along the shoreline is necessary.  Results from the 
spectral wave modeling formed the basis computed sediment transport rates along the modeled 
stretch of beach since wave-induced transport is a function of various parameters (e.g., wave 
breaking height, wave period, and wave direction).  Longshore transport depends on long-term 
fluctuations in incident wave energy and the resulting longshore current; therefore, annual 
transport rates were calculated from the long-term average wave conditions described in the 
previous section.   

III.2.1.1. Formulation of Transport Calculations 
 The sediment transport equation employed for the longshore analyses is based on the 
work of the U.S. Army Corps of Engineers (1984).  In general, the longshore sediment transport 
rate is proportional to the longshore wave energy flux at the breaker line, which is dependent on 
wave height and direction.  Since the transport equation was calibrated in sediment-rich 
environments, it typically over-predicts sediment transport rates.  However, it provides a useful 
technique for comparing erosion/accretion trends along the shoreline of interest.     

  In the method described by the Army Corps, the volumetric longshore transport, Q, past a 
point on a shoreline is computed using the relationship: 

ags
IQ
)1(

where I is the immersed weight longshore sediment transport rate, s is the specific gravity of the 
sediment, a’ is the void ratio of the sediment, and � is the density of seawater. 
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 For this study, immersed weight longshore sediment transport, I, was computed using a 
method based on the so-called “CERC formula”, 

sKPI
where K is a dimensionless coefficient and Pls is the longshore energy flux factor computed 
using the following relationship: 

bsbs HgP 2sin
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where Hsb is the significant wave height at breaking,  is the coefficient for the inception of wave 
breaking ( =Hb/hb), and b is the breaking wave angle.  A value of K=0.4 is normally used, which 
is appropriate for significant wave heights (computed by STWAVE), rather than the more 
familiar value K=0.77, which is used with RMS wave height.  

 The actual method used to compute immersed weight longshore sediment transport for 
this study was described by Kamphuis (1990).  This method is basically a modification to the 
original CERC formula, and adds a dependency on the median grain diameter of the beach 
sediment, and also the surf similarity parameter, �b, which is expressed as 

5.0
0/LH

m

b
b

where m is the bottom slope and Lo is the incident wave period.  The complete expression of 
Kamphuis is written as: 
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where the coefficient K* = 0.0013.  The value of transport potential derived using this method 
represents the maximum possible at a particular location, given a rich sediment supply, and no 
structures (e.g., seawalls and groins) to modify the movement of sediment along the shoreline. 

 Using these empirical expressions of sediment transport potential, a computer code was 
developed which computed sediment transport potential along the Oak Bluffs shoreline.  Values 
of sediment transport are computed at evenly spaced grid cells, with positions that correspond 
to alongshore grid cells of the wave transformation model grid.  For this application, shoreline 
modeling was performed using a 33 ft (10 meter) grid spacing, which is one-half the resolution 
(two times the spacing) that was used for the wave modeling. The 2003 shoreline, determined 
from the aerial photograph analysis in Chapter X, was used as the input shoreline.  The 
modeled shore segment is approximately 10,300 feet long, and includes the entire shoreline 
between East Chop and Farm Pond inlet. 

 Inputs into the sediment transport potential calculations include beach slope and sediment 
grain size.  A 0.7 mm representative grain size was determined based on the analysis of the 
sediment characteristics determined by CLE.  Beach slope was set to 0.9 for the sandy portions 
of the shoreline based on the profile data available from the 2008 survey performed by CLE. 

III.2.1.2. Present Conditions Results 
 The computed average annual sediment transport potential for present conditions is 
presented in Figure III-14.  The results of the transport potential calculations indicate that the 
Oak Bluffs shoreline can be divided into three littoral cells which act as separate compartments 
for beach sediment.  The first cell extends from East Chop Light to a point approximately 1700 
feet south along the shore (as indicated in Figure 14), where the direction of transport reverses.  
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North of this nodal point, sediment is directed to the north, and south of this point sediment is 
directed south toward the harbor inlet.  The next cell extends from the nodal point to the harbor 
jetties.  The last cell in the study area extends from the harbor inlet south to Farm Pond inlet. 

 From the plot of Figure III-14, it is seen that the computed sediment transport potential 
rates are greatest at the north and south ends of the study area.  Along the East Chop 
shoreline, north of the nodal point, maximum transport rates are 41,000 yd3/yr to the NW.  Since 
more than 5,500 feet of the East Chop shoreline is armored with stone riprap and revetment 
sections, the actual rate of sediment transport in this area would be much less due an 
inadequate supply of sediment. 

 South of the nodal point, transport rates increase from zero to 30,000 yd3/yr near the 
timber pile pier at the East Chop Beach Club.  Again, actual transport rates would be smaller 
since the shoreline is starved for sediment.  The revetment and timer bulkhead along the East 
Chop shoreline prevent the coastal bank from eroding, and therefore prevent the natural 
replenishment of sand to the beach from the bluff.  Along the sandy beach between the beach 
club pier and the harbor entrance, transport rates are less than 10,000 yd3/yr.  Dredging records 
indicate that shoaling rates in the harbor channel are approximately 400 yd3/yr (USACE, 1995).  
This small volume indicates that the jetties are an effective block to sediment transport. 

 A close-up of the southern littoral cell of the study area is showing in Figure III-15.  The 
transport potential rates along the sandy beach segments of this shoreline are generally less 
than 10,000 yd3/yr.  Transport rates higher than 10,000 yd3/yr occur mostly in areas that are 
armored and sediment starved, such as the beach shoreline along Seaview Avenue Extension, 
north of the steamship pier.  Transport potential rates are highest just north of Farm Pond inlet, 
an area that is armored with a stone revetment.  The high transport rates along these armored 
sections indicate that the fixed shoreline orientation is out of equilibrium with the wave climate.  
This is in contrast to Pay Beach, where net transport rates are small, which is an indication that 
the beach is in relative equilibrium.  This is because the Pay Beach Groin has allowed the 
shoreline to rotate as the groin has filled to entrapment.  The beach has rotated to a point where 
the shoreline normal angle (perpendicular to the shoreline azimuth) is directed toward the 
predominant NNE wave direction. 

III.2.2.  One-Line Shoreline Modeling 
 Using this expression of sediment transport potential, a computer model was developed 
which simulates the conditions along actual shorelines, where coastal engineering structures 
impact actual sediment transport rates.   The goal of the shoreline change modeling is first to 
predict measured shoreline change and longshore sediment transport rates, and subsequently 
use the model to evaluate beach management alternatives for Oak Bluffs.
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Figure III-14. Computed sediment transport rates for the modeled portion of the Oak Bluffs  shoreline.  
Arrows indicate the direction of transport, while the color and size of the arrows indicate 
transport magnitude in cubic yards per year.  
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Figure III-15. Close-up of computed sediment transport rates for the modeled southern portion of the 
Oak Bluffs  shoreline, between Oak Bluffs Harbor and Farm Pond inlet.  Arrows indicate 
the direction of transport, while the color and size of the arrows indicate transport 
magnitude in cubic yards per year. 
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 The model code incorporates the ability to simulate the effects of seawalls (and coastal 
dikes) and groins on shoreline evolution.  The model is formulated using a simple explicit 
upwind differencing scheme (e.g., Dean and Dalrymple, 2001), which computes change in 
shoreline position based on the computed gradient of sediment transport.  The relationship 
between shoreline change and the gradient of sediment transport potential can be most simply 
expressed as: 

0cB DDq
x
Q

t
y

where Q is sediment transport at a particular shoreline transect, x is alongshore width of a 
computational cell, y is the cross-shore position of the shoreline, t is time, q is a source tem, DB
is the berm elevation of the beach,  and DC is the depth of closure.  Values of sediment 
transport are computed at evenly spaced grid cells, with positions that correspond to alongshore 
grid cells of the wave transformation model grid.  Groins and seawalls, which act to hinder 
sediment transport and prevent shoreline erosion, can be included in the model simulation.  

 The one-dimensional model grid developed for Oak Bluffs extends along the same length 
used for the transport potential calculations and used the same 33 ft (10 meter) grid spacing.  
Features incorporated into this model include of present conditions include 5,500 feet of stone 
revetment and dilapidated vertical timber seawall in place along much of the East Chop 
shoreline (Figures III-16 and III-17), sections of vertical wall along Seaview Avenue Extension 
north of the steamship pier (Figure III-18), a stone revetment overlaid with bituminous grout 
south of the steamship pier (Figure III-19), the vertical wall and revetment in place along the 
shoreline south of Inkwell beach (Figure III-20), and the groins found along Pay Beach and 
Inkwell Beach (Figure III-21).   

 Other required input parameters are the depth of closure and beach berm height, which 
together define the active beach profile, meaning the littoral area where wave induced sediment 
transport is the predominant transport mechanism.  The depth of closure is an estimation of the 
seaward limit of the beach profile.   For this study, the depth of closure was estimated using the 
method of Hallermier (Dean and Dalrymple, 2001).  The depth of closure is estimated to be 
approximately 7 feet below mean tide level based on this method 

 Similar to the computation of sediment transport potential, output from the wave modeling 
analysis is used to drive the shoreline evolution model.  A synthesized time series of wave 
conditions was created so that the 30 wave cases representing mean annual conditions 
occurring from different compass sectors could be used in a time dependent simulation of 
shoreline movements.  The resulting time series of wave conditions is based on the percent 
occurrence of each wave case in the entire wave record. 

 The completed model was run and calibrated based on the comparison of the computed 
shoreline position and annualized change rates to measure shoreline data.  The calibration time 
period is between the available 2003 aerial and 2009 DGPS shoreline.  The main tuning 
parameter used to calibrate the model is groin permeability, which set the percentage of sand 
that is allow to pass across a structure.  Sand tight structures like the harbor jetties have a very 
low permeability, approaching 0.  Low or unraveled groins have a high permeability, 
approaching 1.  The comparison of computed and measured 2009 shoreline positions is shown 
in Figure III-22 on an aerial photograph.  A comparison of shoreline change rates between 2003 
and 2009 is provided in Figure III-17.   
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Figure III-16. View of a section of the revetment in place along the East Chop shoreline. 

Figure III-17. View of dilapidated vertical timber seawall located to the north of the East Chop Beach 
Club Pier. 
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Figure III-18. View of vertical seawall and beach along Seaview Avenue Extension, looking north 
toward the Harbor entrance. 

Figure III-19. View of the revetment south of the steamship Pier. 
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Figure III-20. View of the vertical wall and toe revetment in place along the shoreline south of Inkwell 
Beach. 

Figure III-21. View of Inkwell Beach and the Inkwell Beach groin, looking south toward Chappaquiddick 
Island. 
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Figure III-22. Comparison of measured and modeled shorelines.  For this simulation of existing 
conditions the spring 2003 shoreline was used at the start the model run.   

Figure III-23. Comparison of measured and modeled shoreline change, between spring 2003 and 
September 2009.  The R2 correlation coefficient of the measured and modeled 2009 
shoreline is computed to be 0.995.  The RMS error of the model output is computed to be 
6.4 ft.  
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Figure III-24. Error between measured and modeled September 2009 shoreline (calculated as 
modeled minus measured).  Positive error indicates that the modeled shoreline is 
seaward of the measured shoreline. 

 The goal of the calibration was to minimize error of the model output by achieving similar 
magnitudes of shoreline change seen in the measured data.  The focus of the calibration was 
the stretch of shoreline between the south harbor jetty and the Inkwell Beach groin.  This is 
because the remaining shoreline is armored with no high tide beach, or not included in this 
study.  The root mean square (RMS) error of the calibrated model along the south shoreline is 
computed to be 6.4 ft, which is well within the uncertainties of the measured shorelines (typically 
±10 feet from the GIS analysis) and demonstrates a high degree of model skill.  The R2

correlation coefficient of the measured and modeled 2009 shoreline is computed to be 0.995, 
which is a further indication that the model is able to predict accurately the trends of the 
measured shorelines. 
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IV.  Modeled Shoreline Scenarios 

 After the development of the one-line model of the Oak Bluffs shoreline, it was used to 
simulate four scenarios to improve the recreational beaches in different areas along the 
southern study area.  The first and second scenarios show beach fill performance at Inkwell 
Beach, with and without rehabilitating the low groin at the southern end of the beach.  The third 
scenario show the performance of a larger-scale nourishment starting 200 feet south of the 
steamship pier and ending at the Inkwell Beach groin.  The fourth scenario is nourishment 
placed along the shoreline seaward of Seaview Avenue Extension, north of the steamship pier. 

IV.1.  Inkwell Beach Nourishment scenarios 
 Two scenarios were run with the shoreline evolution model for Inkwell Beach (Figures IV-1 
and 2).  For both scenarios a 50-foot-wide fill berm, with an elevation of 6 ft NGVD and a 
foreshore slope of 1:10 (v:h), was placed along the approximate 425-foot long beach between 
the Pay Beach and Inkwell Beach groins.  The estimated fill volume of this nourishment is 
12,400 cubic yards, which requires 67.6 cubic yards of sand per linear foot of the template.  The 
first scenario only has the beach fill, and the second scenario includes the fill along with a 
rehabilitated Inkwell Beach groin.  This groin is presently shorter and lower than the Pay Beach 
groin.  If it were rebuilt to be as large as the main trunk of the Pay Beach groin, it would be a 
much more effective barrier to sand loss from the beach.   

Figure IV-1. Plot of beach fill remaining in the template area for the 12,400 cubic yard nourishment at 
Inkwell Beach without a rehabilitated groin. 
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Figure IV-2. Plot of beach fill remaining in the template area for the 12,400 cubic yard nourishment at 
Inkwell Beach with the rehabilitated groin. 

 Results from the first scenario without the rebuilt groin are shown in Figure IV-2. By 
extending the effective length of the Inkwell Beach groin to 250 feet (the present length is 180 
feet), the fill design life improves dramatically, where no groin improvements cause loss of the 
entire beach fill within the first two years and the extended groin maintains approximately one-
third of its volume after five years.   This longer design life would require that the Inkwell Beach 
groin be constructed to the same elevation as the Pay Beach groin over the 250-ft length of the 
proposed structure.  In addition, it likely is possible to remove the seaward 200 feet of the Pay 
Beach groin, since this portion of the structure does not retain sediments within the beach 
system.   

IV.2.  Pay Beach and Inkwell Beach Nourishment scenario 
 The third scenario is for a larger-scale nourishment along an approximate 2200-foot-long 
reach of shoreline between the Inkwell Beach and a point 200 feet south of the steamship pier.  
The volume of sand required for this template is estimated to be 40,100 cubic yards.  This 
nourishment template would have a 50-foot wide berm, a berm elevation of 6 ft NGVD and a 
foreshore slope of 1:10 (v:h).  The template has a tapered width along north end of the 
template.  The width is also tapered along the south end of Pay Beach, to the groin.  The fill 
template is shown in Figure IV-3.  For this scenario, the Pay Beach groin was rebuilt similar to 
Scenario 2, and a new groin was added at the northern end of the template to prevent sand 
from moving toward the steamship pier.  Where the fill template is 50 feet wide, the fill volume 
per linear foot is 53.4 yd3/ft

 The performance of the third scenario fill is presented in Figure IV-4.  It is anticipated that 
one of the timber groins could be rehabilitated at the north end of the fill to prevent sand from 
moving toward the Steamship Authority Pier.  For this scenario, more than 30 percent of the 
original nourishment volume remains within the template area after eight years.  There is an 
additional benefit to Inkwell Beach over the smaller nourishment scenarios described above.  
Sand from the shoreline updrift of Pay Beach groin helps to maintain Inkwell Beach as it is 
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transported from north-to-south, and further extends the design life of the nourished beach in 
this area. 

Figure IV-3. Unnourished and nourished (40,100 cubic yard fill volume) shorelines for the Pay Beach 
and Inkwell Beach fill scenario.  

Figure IV-4. Plot of beach fill remaining in the template area for the 40,100 cubic yard nourishment 
along Pay Beach and Inkwell Beach with a rehabilitated Inkwell Beach groin. 
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IV.3.  Seaview Avenue Extension Nourishment scenario 

 The forth fill scenario that was investigated using the calibrated shoreline model was a 
16,200 cubic yard nourishment placed north of the steamship pier, along Seaview Avenue 
Extension.  This proposed fill has a berm width of 30 feet and a total length of 720 feet, which 
results in a 56.4 cubic yard per linear foot fill volume.  For this scenario, a new groin would be 
constructed 200 feet north of the pier to contain the beach.  The template, therefore, would be 
bound by the harbor jetty and the new groin.  This nourishment could be placed together with or 
independent of the other previous scenarios. 

 The performance of this beach fill is shown in Figure IV-5.  Because the new groin helps 
to sequester the nourishment sand, the fill has an extended design life, with more than 30 
percent remaining after 6 years.  One challenge to creating a stable beach fill in this location is 
that the nearshore beach profile is significantly lower than it is in healthier areas of the shoreline 
(i.e., Pay Beach).  The lower profile is a direct effect of the sediment starved condition of this 
shoreline segment, and requires that the template toe extend to a water depth of more than -5 
feet NGVD.  

Figure IV-5. Plot of beach fill remaining in the template area for the 16,200 cubic yard nourishment 
along Seaview Avenue Extension, north of the steamship pier, with a new groin place 
200 feet from the pier. 
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V. Summary and Management Recommendations 

 Data analysis and numerical modeling efforts provided a quantitative understanding of 
the littoral processes governing the Oak Bluffs shoreline.  In general, the public shoreline north 
of Oak Bluffs Harbor has historically consisted of an eroding coastal bluff with little or no high 
tide beach.  By the early 1900s, stone revetments were constructed to stabilize this section of 
shoreline, eliminating the sediment source to downdrift beaches to the south.  To the south of 
Oak Bluffs Harbor, historical shore protection included the construction of groins to maintain the 
beach fronting the coastal bluff, primarily for recreational purposes.  Similar to shore protection 
further to the north, coastal engineering structures constructed between Oak Bluffs Harbor 
entrance and Inkwell Beach eliminated the sediment supply to the downdrift shoreline; in this 
case, the Hart’s Harbor barrier beach system.  The barrier beach system south of Inkwell Beach 
has disappeared; however, a shallow sandy bar remains in the area fronting Farm Pond. 

 Based on the condition of the present shoreline, re-establishing the regional sediment 
supply will be critical to the long-term viability of both the coastal infrastructure and recreational 
aspects of the Oak Bluffs coastline. Long-term shoreline change data indicates shoreline 
recession for nearly the entire Oak Bluffs shoreline since the mid-1800s.  A comprehensive 
analysis of the various forcing mechanisms that control long-term stability of the beach system 
can be utilized to guide management of the regional beach system with the following goals:  

 sustaining the beach and/or dune as an attractive public resource 
 maintaining a healthy beach system to protect landward infrastructure 
 optimizing existing coastal engineering structures to maximize beach design life 
 ensuring potential structural modifications will not have an adverse environmental impact 

V.1. Summary of Analysis Results 

 Based on the shoreline change analysis, the average change rates for the 163-year 
period evaluated show an overall trend of shoreline erosion.  The shoreline has been steadily 
retreating everywhere since 1846 except for the stretch of beach in front of Hartshaven (up to 
500 feet north of the jetties) and a small area on the updrift side of the Pay Beach groin.  The 
shoreline continued to retreat after 1955 but the average rate of erosion decreased by 
approximately 0.4 ft/yr.  Erosion rates remained high in front of Farm Pond and down to the 
northern end of Hartshaven during this time period.  The barrier beach historically fronting the 
Farm Pond region has lost its sediment supply due to armoring of the Oak Bluffs shoreline 
further to the north (updrift).  The groin located immediately north of the Farm Pond culvert has 
been relatively ineffective and is not presently trapping enough sand to maintain a beach in front 
of the seawall.  The groin located at the southern end of Inkwell Beach has also not caused a 
significant amount of shoreline accretion; however, this is likely due to the substantially longer 
and higher groin located to the north at Pay Beach.  This large groin was built in sometime after 
the 1965 Army Corps report and has caused the shoreline to advance on the updrift side 
between 1955 and 2005.  The stretch of shoreline from this groin north to Oak Bluffs Harbor 
was erosional from 2005 to 2009; however, the estimates of potential error associated with 
calculations for this time period show that the majority of the values lie within the uncertainty 
range.  The erosion during this time interval could also be due to seasonal beach changes.  
These differences are normal when comparing shoreline positions from different times of the 
year.
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 Computer modeling of waves and longshore sediment transport were performed to 
provide a quantitative understanding of sand movement along the Oak Bluffs shoreline.  The 
range of different wave conditions cause movement of sand in both directions; however, the 
predominant littoral drift is from north-to-south along the sandy portion of the coast.  Based on 
wave energy calculations an estimate of sediment transport potential was computed (i.e. the 
amount of sediment that would be transported if the material is available).   The computed 
sediment transport potential rates are greatest at the north and south ends of the study area.  
Along the northern East Chop shoreline, maximum transport rates are 41,000 yd3/yr to the north 
and west.  Since more than 5,500 feet of the East Chop shoreline is armored with stone riprap 
and revetment sections, the actual rate of sediment transport in this area would be substantially 
less than this computed amount due to the inadequate sediment supply. 

 Further south, transport rates increase in magnitude from zero to 30,000 yd3/yr near the 
timber pile pier at the East Chop Beach Club.  The direction of transport for this approximate 
3,000 ft stretch north of the Oak Bluffs Harbor entrance is to the south.  Again, actual transport 
rates would be significantly smaller since the shoreline is starved for sediment.  The revetment 
and timer bulkhead along the East Chop shoreline prevent the coastal bank from eroding, and 
therefore prevent the natural replenishment of sand to the beach from the bluff.  Along the 
sandy beach between the Beach Club pier and the harbor entrance, transport rates are less 
than 10,000 yd3/yr.  Dredging records indicate that shoaling rates in the harbor channel are 
approximately 400 yd3/yr (USACE, 1995).  This small volume indicates that the jetties are an 
effective block to sediment transport. 

 The transport potential rates along the sandy beach segments of the shoreline south of 
the Oak Bluffs Harbor entrance are generally less than 10,000 yd3/yr.  Transport rates higher 
than 10,000 yd3/yr occur mostly in areas that are armored and sediment starved, such as the 
beach shoreline along Seaview Avenue Extension, north of the steamship pier.  Transport 
potential rates are highest just north of Farm Pond inlet, an area that is armored with a stone 
revetment.  The high transport rates along these armored sections indicate that the fixed 
shoreline orientation is out of equilibrium with the wave climate as a result of the long-term 
sediment starvation.  This is in contrast to Pay Beach, where net transport rates are small, 
which is an indication that the beach is in relative equilibrium.  The Pay Beach groin is 
responsible for maintaining a shoreline that is nearly perpendicular to the waves propagating 
towards the shoreline.  Similar to many developed shorelines in the region, small stretches of 
the Oak Bluffs shoreline have been maintained by artificially trapping sediment with shore 
perpendicular groins.  These structures can be effective at retaining sediments in confined 
areas that are regionally sediment starved. 

 In addition to the evaluation of sediment transport potential, a one-line shoreline change 
model was utilized to determine actual sediment transport processes along the area of the Oak 
Bluffs shoreline south of the harbor.  Once calibrated to historical shoreline response, this model 
served as the basis for evaluating a number of shoreline management options. 

V.2. Management Options 

 Based on the analyses presented the previous sections, there are two recommended 
management options that would provide substantial long-lasting benefits for the future 
sustainability of the Oak Bluffs shoreline south of the harbor entrance: 
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 nourishment of the shoreline between Inkwell Beach and the entrance to Oak Bluffs 
Harbor, and 

 modifications to both the Inkwell and Pay Beach groins to establish a more consistent 
beach width 

 North of the Oak Bluffs Harbor entrance, historical information indicates that even before 
the construction of the bulkhead and revetment, little or no high tide beach existed along this 
shoreline.  Since construction of shoreline armoring, the offshore profile in this region likely has 
continued to lower, making potential establishment of a stable beach system problematic.  
Therefore, efforts to provide improved shore protection by beach nourishment were deemed 
infeasible for this stretch of the Oak Bluffs coast.   

 Understanding that the primary loss of beach along the shoreline stretch south of Oak 
Bluffs Harbor is due to lack of littoral sediments, an evaluation of potential beach nourishment 
options was performed.  A conceptualization of the three shoreline segments where 
nourishment was evaluated is provided in Figure V-1.  The options are independent and do not 
require the implementation of the others to be effective; however, each option may influence 
performance of the overall system.  For example, beach nourishment north of the Steamship 
Authority Pier will increase the supply of littoral sediment to the beach system further south and 
extend the design life of beach fills at both Pay and Inkwell Beaches.  

 Two scenarios were run with the shoreline evolution model for Inkwell Beach nourishment.  
For both scenarios a 50-foot-wide fill berm, with an elevation of 6 ft NGVD and a foreshore 
slope of 1:10 (v:h), was placed along the approximate 425-foot long beach between the Pay 
Beach and Inkwell Beach groins.  The estimated fill volume of this nourishment is 12,400 cubic 
yards, which requires 67.6 cubic yards of sand per linear foot of the template.  The first scenario 
only has the beach fill, and the second scenario includes the fill along with a rehabilitated 
Inkwell Beach groin.  This groin is presently shorter and lower than the Pay Beach groin (see 
Figure V-2).  By extending the effective length of the Inkwell Beach groin to 250 feet (the 
present length is 180 feet), the fill design life improves dramatically, where no groin 
improvements cause loss of the entire beach fill within the first two years and the extended groin 
maintains approximately one-third of its volume after five years.   This longer design life would 
require that the Inkwell Beach groin be constructed to the same elevation as the Pay Beach 
groin over the 250-ft length of the proposed structure.  In addition, it likely is possible to remove 
the seaward 200 feet of the Pay Beach groin, since this portion of the structure does not retain 
sediments within the beach system. 

  The third scenario is for a larger-scale nourishment along an approximate 2200-foot-
long reach of shoreline between the Inkwell Beach and a point 200 feet south of the steamship 
pier.  The volume of sand required for this template is estimated to be 40,100 cubic yards.  This 
nourishment template would have a 50-foot wide berm, a berm elevation of 6 ft NGVD and a 
foreshore slope of 1:10 (v:h).  The template has a tapered width along north end of the template 
to minimize endlosses.  The width is also tapered along the south end of Pay Beach, to the 
groin.  It is anticipated that one of the timber groins could be rehabilitated at the north end of the 
fill to prevent sand from moving toward the Steamship Authority Pier.  For this scenario, more 
than 30 percent of the original nourishment volume remains within the template area after eight 
years.  There is an additional benefit to Inkwell Beach over the smaller nourishment scenarios 
described above.  Sand from the shoreline updrift of Pay Beach groin helps to maintain Inkwell 
Beach as it is transported from north-to-south, and further extends the design life of the 
nourished beach in this area. 
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Figure V-1. Conceptualization of the three beach nourishment scenarios evaluated for the Oak Bluffs 
shoreline.
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Figure V-2. A view of the shoreline looking north from the armored area south of Inkwell Beach.  This 
photograph illustrates the lower groin profile for the Inkwell Beach structure in the 
foreground relative to the more recently rehabilitated Pay Beach groin in the background. 

  The forth fill scenario that was investigated using the calibrated shoreline model was a 
16,200 cubic yard nourishment placed north of the Steamship Authority Pier, along Seaview 
Avenue Extension.  This proposed fill has a berm width of 30 feet and a total length of 720 feet, 
which results in a 56.4 cubic yard per linear foot fill volume.  For this scenario, a new groin 
would be constructed 200 feet north of the pier to contain the beach.  The template, therefore, 
would be bound by the harbor jetty and the new groin.  Alternatively, the existing timber groins 
could be rehabilitated to the elevation of the proposed nourishment template across the beach 
face.  However, this series of shorter timber groins likely would be less effective at stabilizing 
the beach fill than a single groin that extended further offshore than the nourishment template. 
The nourishment for this scenario could be placed together with or independent of the other 
previous scenarios.  
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  Because the new groin helps to sequester the nourishment sand, the fill has an extended 
design life, with more than 30 percent remaining after 6 years.  One challenge to creating a 
stable beach fill in this location is that the nearshore beach profile is significantly lower than it is 
in healthier areas of the shoreline (i.e., Pay Beach).  The lower profile is a direct effect of the 
sediment starved condition of this shoreline segment, and requires that the template toe extend 
to a water depth of more than -5 feet NGVD.  

 Overall, beach nourishment of the shoreline stretch between Oak Bluffs Harbor and the 
groin south of Inkwell Beach is a viable means of maintaining shore protection for upland 
infrastructure, as well as expanding the recreational benefits of the Town’s beach system.  
Modifications to coastal engineering structures, as well as rehabilitation of some wooden groins, 
will be required to maximize the design life of proposed beach nourishment projects.  
Specifically, lengthening of the Inkwell Beach groin would be required to maintain a stable 
beach fill along Inkwell Beach.  This sand-tight structure would inhibit loss of beach nourishment 
material to downdrift areas; however, the present sediment source to the downdrift area fronting 
Farm Pond is negligible.  The low rate of transported material in the area fronting Farm Pond 
minimizes shoaling within the culvert that serves as the tidal inlet to the pond.  By incorporation 
of a longer groin south of Inkwell Beach in conjunction with the nourishment will prevent 
potential adverse impact to Farm Pond as a result of littoral sediments causing increased 
shoaling of the inlet channel.  Rehabilitation of wooden groins in the vicinity of the Steamship 
Authority Pier also would be warranted to maintain the beach fill; however, it may be more 
beneficial to remove these structures and replace them with an optimized groin layout that has 
fewer adverse impacts than the historical groin system.  In addition, some reduction in length of 
the groin south of Pay Beach is advisable to allow material to more effectively reach Inkwell 
Beach.
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Notification to Abutters Under the  
Massachusetts Wetlands Protection Act 

In accordance with the second paragraph of Massachusetts General Laws Chapter 131, Section 
40, you are hereby notified of the following. 

A. The name of the applicant is   Town of Oak Bluffs   

B. The applicant has filed a Notice of Intent with the Conservation Commission for the 
municipality of   Oak Bluffs   seeking permission to remove, fill, dredge or alter an 
Area Subject to Protection Under the Wetlands Protection Act (General Laws 
Chapter 131, Section 40). 

Project Description: _East Chop Bank Repairs along East Chop Drive, Oak Bluffs.

C. The address of the lot where the activity is proposed is     0 East Chop Drive 

D. Copies of the Notice of Intent may be examined at The Oak Bluffs Conservation 
Commission between the hours of   8:30 AM and   4:00 PM on the following days of 
the week:    Mon.-Fri.   For more information, call:   (508)-693-3554 x118  
Check One:  This is the applicant , representative , or other x (specify); 

                    Oak Bluffs Conservation Commission.      

E. Copies of the Notice of Intent may be obtained from either (check one) the     
applicant , or the applicant’s representative x, by calling this telephone number      
(508) 748-0937 between the hours of __8:00_and _5:00_ on the following days of the 
week:  Mon.-Fri.  . 

F. Information regarding the date, time, and place of the public hearing may be obtained 
from Oak Bluffs Conservation Commission by calling this telephone number  (508)-
693-3554 between the hours of    8:30   and   4:00   on the following days of the 
week:     Mon.-Fri.   . 
Check One:  This is the applicant , representative , or other  (specify): 
_____ Oak Bluffs Conservation Commission. 

Note:  Notice of the public hearing, including its date, time, and place, will be published at least 
five (5) days in advance in the              Vineyard Gazette      .   
                                                            Name of newspaper 

Note:  Notice of the public hearing, including its date, time, and place, will be posted in the City 
or Town Hall not less than forty-eight (48) hours in advance. 

Note:  You also may contact your local Conservation Commission or the nearest Department of 
Environmental Protection Regional Office for more information about this application or the 
Wetlands Protection Act.  To contact DEP, call:

Western Region: 413-784-1100   Central Region: 508-792-7650 
Southeast Region: 508-946-2700  Northeast Region: 617-654-6500 
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Site Photographs 

Photo 1: Station 3+00 Looking Northwest (Erosion) 

Photo 2: Station 8+50 Looking Southeast (Erosion) 



Photo 3: Station 9+00 Looking Northwest (Erosion) 

Photo 4: Station 11+00 Looking Southeast (Erosion) 
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Photo 5: Station 11+50 Looking Southeast (Erosion) 

Photo 6: Station 11+50 Looking East (Damaged drain pipe) 
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Photo 7: Station 13+50 Looking Southeast 

Photo 8: Station 17+00 Looking Southeast (Erosion) 


