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Estimate Lake Bottom Condition for FS-Level Typical Breakwater

From a 2010 bathymetric survey, most structures are located in -3.5' LWD water. when placed 75

feet offshore.

IGLD85 zero = 577.5ft, so the toe of the structure will be at 571.06ft IGLD85.

Converting to meters, the toe will be at will be at 174.97m IGLDS85.

Develop Design Wave Height Conditions

An analysis based on the new Wave
Information Study Lake Michigan 31-year
hindcast effort and procedures used by
Resio and Vincent (1976) was conducted at
site WIS ST94027. The location of the
extremes was based on the original Resio
and Vincent (1976) Station 33 and
accompanying shoreline orientation of 240-
degrees (documented in Table E4 of the
report).

The meteorological direction convention
used in the analysis is illustrated in the figure
to the right. Waves from the North come
from 0-degrees while waves from the East
come from 90-degrees.
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» Angle Class |I: Mean wave approach angle greater than 30-degrees to right of normal to shore

(90- to 150-degrees)

¢ Angle Class Il: Mean wave approach angle within 30-degrees to either side of normal to shore

(30-degrees to 90-degrees)

¢ Angle Class lll: Mean wave approach angle greater than 30-degrees to left of normal to shore

(330- to 30-degrees)

Analysis of the extreme wave heights yielded the following relationships for the respective angle

classes:
Angle Class I: H, ,(m) =
Angle Class II: H,,,(m) =

Angle Class Ill: H,,,(m) =

1.5950+0.32990:In[Return Period (years)]
2.1802+0.53953:In[Return Period (years)]
2.9447+0.66038:In[Return Period (years)]

To ensure a conservative design, the maximum wave period for the extreme analysis of each angle

class will be assumed.

Angle ClassI: T,=6.93s
Angle Class II: T, =8.39s
Angle Class Ill: T, = 12.29s



Develop Design Lake Level Condiitons

An analysis on the Calumet Harbor lake level data from 1903 to 2010 was performed by Jeff Melby
of ERDC . The results of this work included extraction of still-water levels and surge heights for a
range of return periods. Using the total lake level value for each return period, a regression
equation was developed to estimate two additional return periods not included in the analysis. This
equation is as follows:

[Total Water Level] = 581.33 + 0.5245:In[Return Period]
This data is presented in the table below.

Return Elevation (ft, IGLD85)
Period SWL+Surge
50-year 583.3
25-year 583.1
20-year 582.9
15-year 582.8
10-year 582.6

5-year 582.1

The breakwater design is to economically designed considering both initial construction and future
maitenance expenses. Combinations of design wave heights and lake levels will be considered to
determine the controlling combination for a given exceedance probability of events. From theese
values a total project cost can be estimated.

Lake Level
5-year 10-year 15-year 20-year 50-year
0.2 0.1 0.07 0.05 0.02
5-year 02 25 50 75 100 250
z 10-year 01 50 100 150 200 500
"é 15-year 0.067 75 150 225 300 750
T

20-year 0.05 100 200 300 400 _ 1000
50-year 0.02 250 500 750 1000 [ESGON

Angle Class | Angle Class Il Angle Class llI
H:LL | Hmo (ft)  LL(ft) | Hmo (ft)  LL(ft) | Hmo (ft)  LL (ft)
200-yr | 20:10| 8.48 | 582.6 | 12.46 | 582.6 | 16.15 | 5826
200-yr | 10:20) 7.73 582.9 11.23 582.9 14.65 582.9
150-yr | 15:10] 8.16 582.6 | 11.95 | 582.6 15.53 582.6
150-yr | 10:15] 7.73 582.8 | 11.23 | 582.8 | 14.65 582.8
100-yr | 20:5 8.48 582.1 12.46 582.1 16.15 582.1
100-yr | 5:20 6.97 582.9 10.00 582.9 13.15 582.9
100-yr | 10:10] 7.73 582.6 | 11.23 | 582.6 14.65 582.6
75-yr | 15:5 ]| 8.16 582.1 1195 | 582.1 | 15.53 582.1
75-yr | 5:15 6.97 582.8 | 10.00 | 582.8 | 13.15 582.8
50-yr 10:5 7.73 582.1 11.23 582.1 14.65 582.1
50-yr | 5:10 | 6.97 582.6 | 10.00 | 582.6 13.15 582.6
25-yr 5:5 6.97 582.1 10.00 | 582.1 | 13.15 582.1




Wave Transformation - Deepwater to Nearshore

(1)

(2)

(3)

(4)

(5)

wse [9V@1 4 | o | dHee| T L, o, | d/L
H:LL Toe

(ft) (ft) (ft) (ft) - (s) (ft) |(degrees) -

200-yr|20:10] 582.6 | 573 9.6 848 | 1.13 | 6.93 [245.812| 483 0.039
200-yr | 10:20] 582.9 | 573 9.9 7.73 | 1.28 | 6.93 |[245.812| 483 0.040
150-yr | 15:10] 582.6 | 573 9.6 816 | 1.18 | 6.93 [245.812| 483 0.039
150-yr | 10:15] 582.8 | 573 9.8 773 | 127 | 6.93 |[245.812| 483 0.040

@ | 100-yr| 20:5 | 582.1 | 573 9.1 848 | 1.07 | 6.93 |[245.812| 483 0.037
S | 100-yr| 5:20 | 582.9 | 573 9.9 6.97 | 1.42 | 6.93 |[245.812| 483 0.040
2 1100-yr|10:10| 582.6 | 573 9.6 7.73 | 1.24 | 6.93 |[245.812| 483 0.039
S| 75-yr | 15:5] 582.1 | 573 9.1 8.16 | 1.11 | 6.93 |[245.812| 483 0.037
75-yr | 5:15] 582.8 | 573 9.8 6.97 | 1.41 | 6.93 |[245.812| 483 0.040
50-yr | 10:5 ] 582.1 | 573 9.1 7.73 | 1.18 | 6.93 |[245.812| 483 0.037
50-yr | 5:10 | 582.6 | 573 9.6 6.97 | 1.38 | 6.93 [245.812| 483 0.039
25-yr [ 5:5 | 582.1 | 573 9.1 6.97 | 130 | 6.93 [245.812| 483 0.037
200-yr|20:10] 582.6 | 573 96 | 1246 | 0.77 | 839 [360.297] 0.7 0.027
200-yr | 10:20] 582.9 | 573 99 | 11.23 | 0.88 | 839 (360.297| 0.7 0.027
150-yr | 15:10] 582.6 | 573 9.6 | 11.95 | 0.80 | 839 (360.297| 0.7 0.027
150-yr | 10:15] 582.8 | 573 9.8 | 11.23 | 0.87 | 839 (360.297| 0.7 0.027

; 100-yr| 20:5 | 582.1 | 573 9.1 | 1246 | 0.73 | 839 (360.297| 0.7 0.025
& | 100-yr| 5:20 | 582.9 | 573 9.9 | 10.00 | 0.99 | 839 (360.297| 0.7 0.027
© | 100-yr| 10:10| 582.6 | 573 9.6 | 11.23 | 0.85 | 839 (360.297| 0.7 0.027
S| 75yr | 1555 | 582.1 | 573 9.1 | 1195 | 0.76 | 839 (360.297| 0.7 0.025
75-yr | 5:15| 582.8 | 573 9.8 | 10.00 | 0.98 | 839 (360.297| 0.7 0.027
50-yr | 10:5 ] 582.1 | 573 9.1 | 11.23 | 0.81 | 839 (360.297| 0.7 0.025
50-yr | 5:10 | 582.6 | 573 9.6 | 10.00 | 0.96 | 839 [360.297| 0.7 0.027
25-yr [ 5:5 | 582.1 | 573 9.1 | 1000 | 0.91 | 839 [360.297| 0.7 0.025
200-yr|20:10] 582.6 | 573 96 | 16.15 | 0.59 | 12.29 [773.108] 39.6 0.012
200-yr | 10:20] 582.9 | 573 9.9 | 1465 | 0.68 | 12.29 [773.108| 39.6 0.013
150-yr | 15:10] 582.6 | 573 9.6 | 1553 | 0.62 | 12.29 [773.108| 39.6 0.012

| 150-yr|10:15| 582.8 | 573 9.8 | 1465 | 0.67 | 12.29 [773.108| 39.6 0.013
= |100-yr| 20:5| 582.1 | 573 9.1 | 16.15 | 0.56 | 12.29 [773.108| 39.6 0.012
rG‘G 100-yr| 5:20 | 582.9 | 573 9.9 | 13.15 | 0.75 | 12.29 [773.108| 39.6 0.013
o |100-yr|10:10] 582.6 | 573 9.6 | 1465 | 0.66 | 12.29 [773.108| 39.6 0.012
:C:D 75-yr | 15:5] 582.1 | 573 9.1 | 1553 | 0.59 | 12.29 [773.108| 39.6 0.012
75-yr | 5:15| 582.8 | 573 9.8 | 13.15 | 0.75 | 12.29 [773.108| 39.6 0.013
50-yr [ 10:5 | 582.1 | 573 9.1 | 1465 | 0.62 | 12.29 [773.108| 39.6 0.012
50-yr | 5:10 | 582.6 | 573 9.6 | 13.15 | 0.73 | 12.29 [773.108| 39.6 0.012
25-yr [ 5:5 | 582.1 | 573 9.1 | 13.15 | 0.69 | 12.29 [773.108| 39.6 0.012




(10)

(11)

(12)

(13)

(14)

(15)

(16)

(17)

(18)

Yo C L k Smax K, K H,' d/H,'
H:LL
s (ft/s) (ft) (ft™h) - - - (ft) -

200-yr|20:10] 0.2454 | 16.864 | 116.87 | 0.0538 25 0.84 1.0693 7.12 1.35
200-yr[10:20] 0.2531 | 17.103 | 118.52 | 0.053 25 0.84 1.0632 6.49 1.53
150-yr(15:10] 0.2454 | 16.864 | 116.87 | 0.0538 25 0.84 1.0693 6.86 1.40
150-yr | 10:15§ 0.2505 | 17.024 | 117.97 | 0.0533 25 0.84 1.0652 6.49 1.51

5 100-yr| 20:5] 0.2326 | 16.455 | 114.03 | 0.0551 25 0.84 1.0802 7.12 1.28
8 100-yr| 5:20] 0.2531 | 17.103 | 118.52 | 0.053 25 0.84 1.0632 5.86 1.69
%’n 100-yr(10:10] 0.2454 | 16.864 | 116.87 | 0.0538 25 0.84 1.0693 6.49 1.48
é 75-yr | 15:51 0.2326 | 16.455 | 114.03 | 0.0551 25 0.84 1.0802 6.86 1.33
75-yr | 5:15] 0.2505 | 17.024 | 117.97 | 0.0533 25 0.84 1.0652 5.86 1.67
50-yr | 10:5] 0.2326 | 16.455 | 114.03 | 0.0551 25 0.84 1.0802 6.49 1.40
50-yr | 5:10 ] 0.2454 | 16.864 | 116.87 | 0.0538 25 0.84 1.0693 5.86 1.64
25-yr | 5:5 ] 0.2326 | 16.455 | 114.03 | 0.0551 25 0.84 1.0802 5.86 1.55
200-yr|20:10] 0.1674 | 17.089 | 143.38 | 0.0438 25 0.96 1.1534 | 11.96 0.80
200-yr[10:20| 0.1726 | 17.339 | 145.47 | 0.0432 25 0.96 1.1461 | 10.78 0.92
150-yr(15:10] 0.1674 | 17.089 | 143.38 | 0.0438 25 0.96 1.1534 | 11.47 0.84
150-yr | 10:15] 0.1709 | 17.256 | 144.78 | 0.0434 25 0.96 1.1485 | 10.78 0.91

; 100-yr| 20:5] 0.1587 | 16.663 | 139.8 | 0.0449 25 0.96 1.1663 | 11.96 0.76
g 100-yr| 5:20] 0.1726 | 17.339 | 145.47 | 0.0432 25 0.96 1.1461 9.60 1.03
%JD 100-yr(10:10] 0.1674 | 17.089 | 143.38 | 0.0438 25 0.96 1.1534 | 10.78 0.89
5: 75-yr | 15:51 0.1587 | 16.663 | 139.8 | 0.0449 25 0.96 1.1663 | 11.47 0.79
75-yr | 5:15] 0.1709 | 17.256 | 144.78 | 0.0434 25 0.96 1.1485 9.60 1.02
50-yr | 10:5] 0.1587 | 16.663 | 139.8 | 0.0449 25 0.96 1.1663 | 10.78 0.84
50-yr | 5:10 ] 0.1674 | 17.089 | 143.38 | 0.0438 25 0.96 1.1534 9.60 1.00
25-yr | 5:5 ] 0.1587 | 16.663 | 139.8 | 0.0449 25 0.96 1.1663 9.60 0.95
200-yr[20:10] 0.078 | 17.349 | 213.22 | 0.0295 25 0.8 1.3646 | 12.92 0.74
200-yr[10:20] 0.0805 | 17.61 | 216.43 | 0.029 25 0.8 1.355 11.72 0.84
150-yr(15:10f 0.078 | 17.349 | 213.22 | 0.0295 25 0.8 1.3646 | 12.42 0.77

_ 150-yr | 10:15§ 0.0796 | 17.524 | 215.37 | 0.0292 25 0.8 1.3582 | 11.72 0.84
ﬁ 100-yr| 20:5] 0.074 | 16.902 | 207.73 | 0.0302 25 0.8 1.3816 | 12.92 0.70
é 100-yr| 5:20] 0.0805 | 17.61 | 216.43 | 0.029 25 0.8 1.355 10.52 0.94
© |100-yr|10:10] 0.078 | 17.349 | 213.22 | 0.0295 25 0.8 1.3646 | 11.72 0.82
:%1) 75-yr | 15:51 0.074 | 16.902 | 207.73 | 0.0302 25 0.8 1.3816 | 12.42 0.73
75-yr | 5:15] 0.0796 | 17.524 | 215.37 | 0.0292 25 0.8 1.3582 | 10.52 0.93
50-yr [ 10:5] 0.074 | 16.902 | 207.73 | 0.0302 25 0.8 1.3816 | 11.72 0.78
50-yr | 5:10 ] 0.078 | 17.349 | 213.22 | 0.0295 25 0.8 1.3646 | 10.52 0.91
25-yr | 5:5 0.074 | 16.902 | 207.73 | 0.0302 25 0.8 1.3816 | 10.52 0.87




(29) (20) (22) (22) (23) (24) (25) (26) (27) (29) (30)
Hol/l-o m Bo Bl Bmax H1/3 Hs,des ap
H:LL
- (ft/ft) - - - (f) [ (fo) | o) | (ft) (ft) (degrees)

200-yr|20:10] 0.029 | 0.013]0.111)|0.549|0.922|6.06| 657 | 7.62 [6.06] 6.06 20
200-yr(10:20] 0.026 | 0.013]0.115)0.549|0.947|6.18| 6.15 | 690 [6.15] 6.15 20
150-yr|15:10] 0.028 | 0.013{0.112|0.54910.932| 6.04| 639 | 7.33 |6.04] 6.04 20
150-yr|10:15] 0.026 | 0.013{0.115(0.549(0.947| 6.13| 6.15 | 6.91 |6.13| 6.13 20

a 100-yr| 20:5 | 0.029 | 0.013(0.111(0.549(0.922(5.79| 6.56 | 7.69 |5.79| 5.79 20
S | 100-yr| 5:20 | 0.024 | 0.013(0.119/0.549|0.976|6.14| 572 | 623 |5.72| 5.72 20
%’n 100-yr|10:10] 0.026 | 0.013{0.115(0.549(0.947| 6.02| 6.15 | 6.94 | 6.02| 6.02 20
& | 75-yr | 15:5] 0.028 | 0.013[0.112|0.549|0.932|5.77| 639 | 7.41 |5.77| 5.77 20
75-yr | 5:15]| 0.024 | 0.0130.119(0.549(0.976( 6.08| 572 | 6.24 |5.72| 5.72 20
50-yr | 10:5] 0.026 | 0.013]0.115|0.549|0.947|5.74| 615 | 7.01 |5.74| 5.74 20
50-yr | 5:10 ] 0.024 | 0.013{0.119]|0.549(0.976| 5.97| 572 | 6.27 |5.72| 5.72 20
25-yr | 5:5 | 0.024 | 0.0130.119]0.549(0.976( 5.70| 572 | 633 |5.70( 5.70 20
200-yr|20:10] 0.033 | 0.013]0.105)|0.549|0.920] 6.53 | 11.00 | 13.79 [ 6.53| 6.53 0
200-yr|10:20] 0.030 | 0.013]0.109)|0.54910.920| 6.62| 9.92 | 1235 6.62| 6.62 0
150-yr|15:10] 0.032 | 0.013|0.107(0.54910.920]| 6.50 | 10.55 | 13.23 | 6.50| 6.50 0
150-yr|10:15] 0.030 | 0.013 |0.109(0.549(0.920( 6.56 | 9.92 | 12.38|16.56| 6.56 0

; 100-yr| 20:5 | 0.033 | 0.013 |0.105(0.549(0.920( 6.26 | 11.00 | 13.95|6.26| 6.26 0
‘G" 100-yr| 5:20 | 0.027 | 0.013 (0.114(0.549(0.945] 6.53 | 9.07 | 11.00|6.53| 6.53 0
%JD 100-yr|10:10f 0.030 | 0.013]0.109(0.549]10.920( 6.45 9.92 | 12.43(6.45] 6.45 0
g 75-yr | 15:5] 0.032 | 0.013{0.107|0.549]0.920] 6.22 | 10.55 | 13.38 | 6.22| 6.22 0
75-yr | 5:15 ]| 0.027 | 0.013]0.114|0.549(0.945| 6.48| 9.07 | 11.03|6.48| 6.48 0
50-yr | 10:5] 0.030 | 0.013]0.109]|0.549(0.920( 6.18| 9.92 | 1257 |6.18| 6.18 0
50-yr | 5:10 ] 0.027 | 0.013{0.114]10.549|0.945| 6.37| 9.07 | 11.07 [6.37| 6.37 0
25-yr | 5:5 0.027 | 0.013{0.114]10.549|0.945| 6.10| 9.07 | 11.20 | 6.10| 6.10 0
200-yr|{20:10] 0.017 | 0.013]0.137|0.549(1.081| 7.04| 13.97 | 17.63|7.04| 7.04 9
200-yr|10:20] 0.015 | 0.013]0.142)|0.549(1.113| 7.10| 13.04 | 15.88 | 7.10| 7.10 9
150-yr|15:10] 0.016 | 0.013]0.139(0.549]|1.094| 6.99| 13.59 | 16.95 [6.99| 6.99 9

_ |1 150-yr|10:15) 0.015 | 0.013/0.142(0.549]|1.113| 7.04 | 13.04 | 1592 | 7.04 7.04 9
= | 100-yr| 20:5| 0.017 | 0.013[0.137(0.549|1.081| 6.76 | 13.97 | 17.85 [6.76| 6.76 9
§ 100-yr| 5:20 | 0.014 | 0.013(0.148(0.549(1.148| 6.99 | 12.07 | 14251 6.99| 6.99 9
o |100-yr|10:10] 0.015 | 0.013(0.142(0.549|1.113| 6.93| 13.04 | 1599 [6.93| 6.93 9
:%1) 75-yr | 15:5] 0.016 | 0.0130.139]|0.549]1.094| 6.72| 13.59 | 17.16 | 6.72| 6.72 9
75-yr | 5:15]| 0.014 | 0.0130.148(0.549(1.148( 6.93| 12.07 | 1429|6.93| 6.93 9
50-yr | 10:5] 0.015 | 0.013]0.142]|0.549(|1.113| 6.66 | 13.04 | 16.19 | 6.66| 6.66 9
50-yr | 5:10] 0.014 | 0.013{0.148|0.549(1.148| 6.83| 12.07 | 1435 6.83| 6.83 9
25-yr | 5:5 | 0.014 | 0.013|0.148]|0.549(1.148| 6.55| 12.07 | 1453 [ 6.55| 6.55 9




Summary of the Wave Transformation Columns
Column (1): Design Water Surface Elevation , WSE
From analysis of Calumet Harbor gage data
Column (2): Lake Bed Elevation at Toe of the Structure
Estimated based on proposed location and bathymetric survey conducted in 2010
Column (3): Depth Relative to Toe of Structure, d
= [Column (1)] - [Column (2)]
Column (4): Spectral Significant Wave Height, H,,,
From hindcast analysis for recently completed WIS
Column (5): Ratio of Depth to Spectral Significant Wave Height
d  Column _3
~ Column _ 4

H mo
Column (6): Peak Wave Period, T,

From hindcast analysis for recently completed WIS
Column (7): Deep Water Wave Length, L,
L, =-2T°
2z
Column (8): Deep Water Wave Angle, a,
Hindcast analysis for the site included a list of the top ten wave events for each angle
class. The values for the design approach direction are the average approach direction

of these ten events for each angle class. Directions were translated from
meteorological direction to an angle relative to shore parallel (i.e. 0° is shore parallel).

Column (9): Ratio of Depth to Deep Water Wave Length

d Column_3

L, N Column_7

Column (10): Hunt's Approximation Parameter, y,
@
LO

Column (11): Wave Celerity, C
C?2
gd

Column (12): Wave Length, L
L=CT

Column (13): Wave Number, k

0

Yo

_ |y, + @+ 0.6522y, +0.4622y7 +0.0864y* +0.0675y5 )|

2
L

Column (14): Spreading Parameter, s,

k

Using Figure 2.13 from Goda (2010), s
equals 25.

varies between approximately 17 and 47. Assume that

max

smax



Column (15): Refraction Coefficient, K,
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Fig. 3.10 Refraction coefficient of random sea waves on a coast with straight, parallel

depth-contours. 17

Column (16): Shoaling Coefficient, K,

K, = [(1 N %) tanh (kd )T/z

Column (17): Equivalent Deep Water Wave Height, H,'
H,'=H, -K, =Column_5xColumn_11
Column (18): Ratio of Depth to Equivalent Wave Height

d Column_3
H,” Column_17

Column (19): Ratio of Equivalent Deep Water Wave Height to Deep Water Wavelength
H," Column_17
L Column_7

Column (20): Beach Slope, m
Estimated based on proposed location and bathymetric survey conducted in 2010

(o]



Column (21): Coefficient for approximate estimation of wave height within surf zone, B,

,\-0.38
B, = 0.028( T° J exp(20-tan*® 9)

(o]

Column (22): Coefficient for approximate estimation of wave height within surf zone, B,

S, =0.52exp[4.2tan 6]

Column (23): Coefficient for approximate estimation of wave height within surf zone, B, .«

Bom = Max 0.92,0.32[ 't

-0.29
J exp[2.4tan 8]

0

Column (24): Significant Wave Height within Surf Zone, Calculation #1
H1/3 = ﬂo H o '+ﬂ1d

Column (25): Significant Wave Height within Surf Zone, Calculation #2

H1/3 = ﬂnax Ho'
Column (26): Significant Wave Height within Surf Zone, Calculation #3
H 1/3 = Ks H ¢} '

Column (27): Signifcant Wave Height within Surf Zone

Significant wave height within the surf zone is the minimum of the three values previously

Column (28): Depth-Limited Wave Height at Toe of Breakwater
H, =056-d, -exp[3.5-m]
Column (29): Design Significant Wave Height

Design signifcant wave height is the minimum of the signficant wave height developed through



Column (30): Approach Angle after Refraction, a,

[
70" : =
n . TeR— i g - f”- !
3 ' . ! m e |
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Fig. 3.11 Tariation of predominant direcltion of random sea waves due to reflraction on

n coast with straight, parallel depth-contours.



Design Wave Parameters

(1) (2) (3) (4) (5)
H, Tl T | a
H:LL

(ft) [ (m) | (s) | (s) |(deg)

200-yr| 20:10 ] 6.06 [1.85 693 5.68 | 20
200-yr| 10:20| 6.15 [1.87| 6.93| 5.68 | 20
150-yr| 15:10 ] 6.04 [1.84| 6.93] 5.68 | 20
150-yr| 10:15] 613 [1.87| 6.93] 5.68 | 20

E 100-yr| 20:5 | 5.79 |1.76| 6.93] 5.68 | 20
51 100-yr| 5:20 | 572 [1.74]| 693 5.68 [ 20
%o 100-yr| 10:10 | 602 [1.83| .93 5.68 | 20
<| 75-yr | 1555 | 577 |1.76] 6s3] 5.68| 20
75-yr | 5:15 | 572 |1.74] 93| 5.68 | 20
50-yr | 10:5 | 5.74 | 1.75| 6.93| 5.68 | 20
50-yr | 5:10 | 572 |1.74| 6.93| 5.68 | 20
25-yr | 5:5 | s570|1.74| 693 5.68 | 20
200-yr| 20:10] 653 |1.99| 8.39| 6.88 0
200-yr| 10:20 | 662 | 2.02 839 6.88 0
150-yr| 15:10] 650 [1.98| 8.39] 6.88 0

_ | 150-yr| 10:15| 6.56 | 2.00| 839) 6.88 [ 0O
E 100-yr| 20:5 | 6.26 [1.91| 8.39| 6.88 0
G| 100-yr| 5:20 | 653 [1.99] s39| 6.88| 0
=| 100-yr| 10:10 | 645 [1.97| s30| 6.88| 0
<| 75-yr | 15:5 | 622 [1.90| s39| 6.88| o0
75-yr | 5:15 | 648 | 1.98| 8.39| 6.88 0
50-yr | 10:5 | 6.18 | 1.88| 8.39] 6.88 0
50-yr | 5:10 | 637 |1.94| s.39| 6.88 0
25-yr | 5:5 | 6.10]1.86| 839 6.88 0
200-yr| 20:10 | 7.04 | 2.14( 12.29(10.08| 9
200-yr| 10:20] 7.10 [ 2.16| 12.290/10.08| 9
150-yr| 15:10 | 6.99 | 2.13| 12.29/10.08| 9
150-yr| 10:15| 7.04 | 2.15] 12.29/10.08| 9

% 100-yr| 20:5 | 6.76 | 2.06| 12.29/10.08] 9
é 100-yr| 5:20 | 6.99 | 2.13| 12.29/10.08| 9
@] 100-yr| 10:10 | 693 |2.11| 12.29/10.08| 9
:’cf 75-yr | 15:5 | 672 [2.05| 1220/ 10.08] 9
75-yr | 5:15 | 693 | 2.11] 12.29(10.08] 9
50-yr | 10:5 | 6.66 |2.03| 12.29|10.08| 9
50-yr | 5:10 | 6.83 |2.08| 12.29(10.08] 9
25-yr | 5:5 | 655]2.00f 12.29(10.08] 9

Assumed Contstants

Density of Stone= 2650 kg/m’

165  Ib/ft’
Density of Water= 1000 kg/m?

62.4 |b/ft®

Gravity,g= 9.81 m/s’

A=S,-1= 1.65
Assumed Design Parameters
Nominal Damage, S, = 2 No Damage

Permeability, P,= 0.4
No. of Waves, N, = 7500

Assumed Partial Safety Factors
Surging Plunging

O'rns = 0.05
P = 0.4
Yu = 1 1

vz= 1.08 1.08

Coarse Core Layers (Std)

waves

(Assumes HQ Wave Data)



Required Crest Elevation - Based on Maximum Observed Overtopping at Forest Park, Lake Forest

(6) (7) (8) (9) (11) (12)  (13) (14) (15) (16) (17) (18) (19)
L Lom L Som Sop tana | &, Ye | Vo |Vn| Vg R. q

(m) | (m) - - - - - - - - M) () | (ms/m)

200-yr|20:10f 50.42 | 7498 | 0.037 | 0.025 | 0.500 |3.185|/0.55| 1 | 1 [0.970 0.43 1.40 0.510
200-yr|10:20] 50.42 | 74.98 | 0.037 | 0.025 | 0.500 |3.163|0.55| 1 | 1 |0.970 0.34 1.10 0.671
150-yr|15:10| 50.42 | 74.98 | 0.037 | 0.025 | 0.500 |3.190{0.55( 1| 1 |0.970 0.43 1.40 0.506
150-yr|10:15| 50.42 | 74.98 | 0.037 | 0.025 | 0.500 |3.168(0.55( 1 | 1 |0.970 0.37 1.20 0.615

E 100-yr| 20:5] 50.42 | 74.98 | 0.035 | 0.024 | 0.500 [3.260]0.55| 1 | 1 |0.970 0.58 1.90 0.296
8 100-yr| 5:20 | 50.42 | 74.98 | 0.035 | 0.023 | 0.500 |3.280{0.55( 1 | 1 |0.970 0.34 1.10 0.564
%"o 100-yr|10:10| 50.42 | 74.98 | 0.036 | 0.024 | 0.500 |3.197{0.55( 1 | 1 |0.970 0.43 1.40 0.500
51 75-yr | 15:5]1 50.42 | 74.98 | 0.035 | 0.023 | 0.500 |3.265|0.55| 1 | 1 |0.970 0.58 1.90 0.293
75-yr | 5:15] 50.42 | 74.98 | 0.035 | 0.023 | 0.500 [3.280{0.55| 1 | 1 |0.970 0.37 1.20 0.518
50-yr | 10:5] 50.42 | 74.98 | 0.035 | 0.023 | 0.500 |3.273|0.55| 1 [ 1 |0.970 0.58 1.90 0.289
50-yr | 5:10] 50.42 | 74.98 | 0.035 | 0.023 | 0.500 |3.280|0.55| 1 [ 1 |0.970 0.43 1.40 0.437
25-yr | 5:5 ] 50.42 | 74.98 | 0.034 | 0.023 | 0.500 |3.286|0.55| 1 | 1 |0.970 0.58 1.90 0.282
200-yr|20:10] 73.90 |109.90| 0.027 | 0.018 | 0.500 (3.715|/ o555 1| 1 (1.000 0.43 1.40 0.638
200-yr|10:20) 73.90 |109.90| 0.027 | 0.018 | 0.500 (3.691]0.55] 1 | 1 (1.000 0.34 1.10 0.818
150-yr|15:10| 73.90 (109.90| 0.027 | 0.018 | 0.500 |3.725({0.55( 1 | 1 [1.000 0.43 1.40 0.631

__ | 150-yr| 10:15] 73.90 | 109.90| 0.027 | 0.018 | 0.500 [3.706( 0.55( 1 | 1 |1.000 0.37 1.20 0.746
E 100-yr| 20:5 ] 73.90 | 109.90( 0.026 | 0.017 | 0.500 [3.796]0.55( 1 | 1 |1.000 0.58 1.90 0.392
Gm 100-yr| 5:20 | 73.90 (109.90| 0.027 | 0.018 | 0.500 |3.714(0.55( 1 | 1 [1.000 0.34 1.10 0.795
%’o 100-yr | 10:10] 73.90 | 109.90( 0.027 | 0.018 | 0.500 [3.738]0.55( 1 | 1 |1.000 0.43 1.40 0.619
5’. 75-yr | 15:5] 73.90 1109.90| 0.026 | 0.017 | 0.500 |3.806/0.55| 1 [ 1 |1.000 0.58 1.90 0.387
75-yr | 5:15| 73.90 (109.90| 0.027 | 0.018 | 0.500 |3.730/0.55] 1 | 1 [{1.000 0.37 1.20 0.725
50-yr | 10:5] 73.90 |109.90| 0.025 | 0.017 | 0.500 |3.820/0.55| 1 [ 1 |1.000 0.58 1.90 0.378
50-yr | 5:10 | 73.90 (109.90| 0.026 | 0.018 | 0.500 |3.762|0.55] 1 | 1 [1.000 0.43 1.40 0.600
25-yr | 5:5 | 73.90 [ 109.90| 0.025 | 0.017 | 0.500 |3.846|0.55| 1 | 1 |1.000 0.58 1.90 0.363
200-yr|20:10] 158.57|235.83| 0.014 | 0.009 | 0.500 (5.243]0.55] 1 | 1 (1.000 0.43 1.40 0.768
200-yr|10:20} 158.57|235.83| 0.014 | 0.009 | 0.500 |5.220]0.55] 1 | 1 [1.000 0.34 1.10 0.958
150-yr|15:10]158.57|235.83( 0.013 | 0.009 | 0.500 [5.259]0.55f 1 | 1 |1.000 0.43 1.40 0.757
150-yr|10:15]158.57(235.83| 0.014 | 0.009 | 0.500 [5.241{0.55( 1 | 1 |[1.000 0.37 1.20 0.880

% 100-yr| 20:5 | 158.57(235.83]| 0.013 | 0.009 | 0.500 |5.348{0.55( 1 | 1 |1.000 0.58 1.90 0.491
é 100-yr| 5:20 | 158.57(235.83| 0.013 | 0.009 | 0.500 |5.260{0.55( 1 | 1 [1.000 0.34 1.10 0.926
o | 100-yr|10:10]158.57|235.83( 0.013 | 0.009 | 0.500 [5.282]0.55( 1 | 1 [1.000 0.43 1.40 0.741
:%D 75-yr | 15:5]1158.57]235.83| 0.013 | 0.009 | 0.500 |5.365|/0.55| 1 | 1 |1.000 0.58 1.90 0.482
75-yr | 5:151158.57]1235.83| 0.013 | 0.009 | 0.500 |5.281|0.55|] 1 [ 1 |1.000 0.37 1.20 0.850
50-yr | 10:5]158.57]235.83| 0.013 | 0.009 | 0.500 |5.390|0.55| 1 [ 1 |1.000 0.58 1.90 0.470
50-yr | 5:10 ] 158.57]235.83| 0.013 | 0.009 | 0.500 |5.324]10.55| 1 ( 1 |1.000 0.43 140 0.713
25-yr | 5:5 |158.57|235.83| 0.013 | 0.008 | 0.500 |5.434]0.55] 1 | 1 |1.000 0.58 1.90 0.449




(20)

(21)

Breakwater Design

(22)

(23)

(24)

(25)

(26)

(27)

Hoi| Ko | Mso [ Dsp B r | Toeyw | Toeu

e (ft) | - | (ton)| (ft) | (ft) | (ft) | (ft) (ft)
200-yr|20:10(7.70|2.00| 2.1 29 | 8.82 |5.88| 2.94 1.96
200-yr|10:20|7.81(2.00| 2.2 | 3.0 | 8.94 |5.96| 2.98 | 1.99
150-yr|15:10|7.67(2.00] 2.1 29 | 8.79 |5.86] 2.93 1.95
150-yr|10:15|7.78(2.00| 2.2 3.0 | 891|594 2.97 1.98

5 100-yr| 20:5 |7.35(2.00] 1.8 2.8 | 8.42 [5.61| 2.81 1.87
5 | 100-yr| 5:20 | 7.26|2.00 1.8 | 2.8 | 8.32 |5.54| 2.77 | 1.85
<, | 100-yr| 10:10{7.64|2.00( 2.0 [ 2.9 | 8.75 5.83 2.92 | 1.94
< 75-yr | 15:5(7.33|2.00( 1.8 | 2.8 | 8.39 [5.59| 2.80 | 1.86
75yr | 5:15 [7.26/2.00| 1.8 | 2.8 [8.32 (554 2.77 | 1.85
50-yr | 10:5 |7.29]2.00| 1.8 2.8 | 835|557 2.78 1.86
50-yr | 5:10 (7.26/2.00 1.8 | 2.8 | 8.32 (5.54| 2.77 | 1.85
25-yr | 5:5 |7.23|2.00( 1.7 2.8 | 8.29 |5.52| 2.76 1.84
200-yr|[20:10]8.29{2.00] 2.6 | 3.2 | 9.50 |6.33| 3.17 | 2.11
200-yr|10:20(8.40(2.00( 2.7 | 3.2 | 9.62 |[6.42| 3.21 | 2.14
150-yr|15:10(8.25|1.60| 3.2 | 3.4 |10.18]|6.79| 3.39 | 2.26

_ | 150-yr|10:15(8.33]2.00( 2.7 3.2 | 9.54 |6.36| 3.18 2.12
5 100-yr| 20:517.94(2.00| 2.3 3.0 | 9.10 |6.07| 3.03 2.02
Um 100-yr| 5:20 (8.30(2.00| 2.6 3.2 | 9.51 (6.34| 3.17 2.11
%’o 100-yr|10:10]8.19(2.00| 2.5 3.1 | 9.39 |6.26] 3.13 2.09
5’. 75-yr | 15:517.90(2.00( 2.3 3.0 | 9.05 |[6.04| 3.02 2.01
75-yr | 5:15 (8.23]2.00| 2.6 3.1 | 9.43 |6.28| 3.14 2.09
50-yr | 10:517.85|1.60( 2.8 3.2 | 9.68 [6.45| 3.23 2.15
50-yr | 5:10 (8.09]2.00f 2.4 | 3.1 | 9.27 |6.18]| 3.09 2.06
25-yr [ 5:5 [7.74]|2.00 2.1 | 3.0 | 887 |5.91| 2.96 | 1.97
200-yr|20:10(8.94(2.00( 3.3 | 3.4 |10.24|6.82| 3.41 | 2.27
200-yr|10:2019.01}2.00| 3.4 3.4 110.32(6.88| 3.44 2.29
150-yr|15:10|8.88(2.00| 3.2 3.4 |10.17]|6.78]| 3.39 2.26
150-yr|10:15]18.94(2.00| 3.3 3.4 |10.24]16.83| 3.41 2.28

% 100-yr| 20:5 |8.59(2.00 2.9 | 3.3 | 9.84 |6.56| 3.28 | 2.19
Gg 100-yr| 5:20 | 8.88(2.00| 3.2 3.4 110.17(6.78| 3.39 2.26
© ]100-yr{10:10(8.80|2.00( 3.1 3.4 |10.08]6.72| 3.36 2.24
:%D 75-yr | 15:518.53|2.00( 2.9 3.3 | 9.77 |6.52| 3.26 2.17
75-yr | 5:15 (8.81]2.00( 3.1 3.4 |110.09]6.73| 3.36 2.24
50-yr | 10:5 |8.46/2.00| 2.8 | 3.2 | 9.69 |[6.46| 3.23 | 2.15
50-yr | 5:10 | 8.67]2.00| 3.0 3.3 19.93(6.62] 3.31 2.21
25-yr | 5:5 [8.32]2.00f 2.6 | 3.2 | 9.53 |6.35| 3.18 | 2.12




Summary of Design Conditions for Return Period Events

The preceding pages considered a variety of conditions that, when combined,
translate to a given recurrance interval. The optimum design for a given recurrance
interval was established to assuming a combination of the highest crest elevation
and largest stone size for a given interval. These combinations are summarized

Return | Crest Elev. | Total Ht. Dsq B r Toey, Toey
Period (ft) (ft) (ft) (ft) (ft) (ft) (ft)
200-yr 584.0 11.0 3.4 10.2 6.8 3.4 2.27
150-yr 584.0 11.0 3.4 10.2 6.8 3.4 2.27
100-yr 584.0 11.0 3.4 10.2 6.8 3.4 2.27
75-yr 584.0 11.0 3.4 10.2 6.8 3.4 2.27
50-yr 584.0 11.0 3.3 9.9 6.6 3.3 2.20
25-yr 584.0 11.0 3.2 9.6 6.4 3.2 2.13

MNote:
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Summary of the Structure Design Columns

Column (1): Significant Wave Height at the Toe of the Breakwater, H,
From "Wave Transformation" worksheet, Column (29)

Column (2): Significant Wave Height at the Toe of the Breakwater, H, converted to meters
= [Column (1)] x 0.3048

Column (3): Wave Period Associated with the Spectral Peak in Deep Water, T,
From "Wave Transformation" worksheet, Column (6)

Column (4): Mean Wave Period, T,,
= [Column (3)] x 0.82

Column (5): Ratio of Depth to Spectral Significant Wave Height
From "Wave Transformation" worksheet, Column (30)

Column (6): Mean Deep Water Wave Length, L,,,

om = iTm 2
27

Column (7): Peak Deep Water Wave Length, L,,

L

L, = 27,7
2z
Column (8): Mean Deep Water Wave Steepness, Sy,
H
SOIT'I = :
LOITI
Column (9): Peak Deep Water Wave Steepness, s,
H
Sop =7
Lop

Column (10): Mean Deep Water Wave Steepness, s,, (Using untruncated wave height)

— Hs—des

" L
Column (11): tan a

Tangent of the angle of the structure

Column (12): Surf Similarity Parameter (Based on Peak Deep Water Wave Steepness), &,
tan @
fop =

Sop

S

om

Column (13): Surface Roughness Recution Factor, y,
From Table VI-5-3, 2 or more layers of rock, y, = 0.50
Column (14): Berm Influence Factor, v,
From Equations VI-5-8 and VI-5-9. Assumed to equal 1 (i.e. no berm)



Column (15): Influence of Shallow Water on Runup, v,

Th = a
1.4H,
Column (16): Influence of Angle of Attack on Runup, v
7ﬁ=1-0 for 0°< pB<10°
Long-crest ed waves V5= cgs(ﬂ _100) for 10°< B <63°
7, =06 for B >63°

Short-crested waves 75 =1-0.00228

Column (17): Wave Runup on the Structure, R,

Value is found using Excel's SOLVER such that the overtopping rate is equivalent to that of
maximum observed overtopping rate (based on the same overtopping formulation) at the Forest
Park breakwater system in Lake Forest, lllinois

Column (18): Wave Runup on the Structure, R.converted to meters

= [Column (17)] x 0.3048
Column (19): Overtopping Rate, g (Based on Formula by van der Meer and Janssen, 1995)
Since &, > 2 for all conditions considered,

R 1
S 0.2exp| —2.6— Eqn. VI-5-25
gH? He 7 707075

S
Column (20): Critical Value, Surf Similarity Parameter, &,

1
Sme = [6.2 P2t /tan e]m

Column (21): Surf Similarity Parameter, &,
_tan@

é:m \/g

Column (22): van der Meer Formulation for Stone Sizing (Plunging Breakers)

S

JN_J =

Column (23): van der Meer Formulation for Stone Sizing (Surging Breakers)

0.2

S

=1.0Pb‘°'13[ 2 J " \coto
VNW

Column (24): Significant Wave Height within Surf Zone, NO TRUNCATION, H,_yes
From "Wave Transformation" worksheet, Column (27)

~6.2 Pb°'18[




Column (25): Armor Stone Diameter, D,
D = H s—des
®  A[Column(22)-or - Column(23)]
Column (26): Armor Stone Diameter, D, converted to feet

= [Column (25)] x 0.3048
Column (27): van der Meer Reduction Factor Coefficient, R,*

0.5
Ry = Re | Sor
H s—des 2”
Column (28): van der Meer Reduction Factor, r
* 1
r=f.25-48RrR"|

Column (29): Armor Stone Diameter with Reduction Factor, D,'
D, =rD,
Column (30): Armor Stone Diameter with Reduction Factor, D,' converted to feet
= [Column (29)] x 0.3048
Column (31): Crest Width, B
B=3.D,
Column (32): Primary Armor Thickness, r
r=2-D,
Column (33): Stone Toe Bench Width, Toe,,

Toe, =+
2

Column (34): Stone Toe Bench Thickness, Toey

Toe,, = %ToeW



PROJECT TlTLE . COMPUTED BY: |DATE: SHEET:
o Shandan SO ~pE 13814

US Army Corps STRUCTURE TITLE:
of Engineers QN 2

CHECKED BY: DATE: |[CONTRACT NO:
X
Chicago District SYIOL A

Ravet ot Sz A
Df;‘\f’}} Evank

Use 208¢ B 5 10ye wiave

At U Shofeling, W= OSkm~ | WS4

U 20ldy foctor of 1S = Hg y = 2.5H
Ston Sz

e Wy (o3 ®le)(2 5&&\ :
G(EY e 2 -
Dy, = (-%9-&2-\-‘—“%-3’3 g

VoS ‘ol

WS:::

Wave  Ovestoosing
Tasaek 42005 (o domage Lond on)
Sop Y oy Hs ] :ZTT(QS‘L*\)

% CY-P z > (%2"1."3‘5;)@2.13?
g - Ton <A |
OP =

ISor {000
&( behxg>: Og

Re _ |
e SR (b Rs Y 05

0.0 EL (
= (. O\\% Q){ 2 {0 .y >
N esuy K (2%) ©S

= 0.0033

= 134\

NCC Form 1272-1 08 Mar 00



1PROJECT TITLE: . COMPUTED BY: |DATE: SHEET:
Bk Shundan SOl G
US Army Corps |STRUCTURE TITLE: CHECKED BY: DATE: CONTRACT NO:
e | Qe ing

Priioc Lones :
B&'O : \ |2;'Ql‘

Y
Weow (280 S ™) = 285

Undss\on and

\NSD " ZBS“ i Zc‘:d
O &)
P \E
- 2 B
b?o - RS * 0. ‘Q’*

S

+Use  Hy as eshroded scoul dapin = Ay * 250

\ \ \ N \ \ P’.v A \ « 0
otol UL G\}/‘\’\t 03» Srohexuie. = (o, \,f«—\ .

NCC Form 1272-1 08 Mar 00




Appendix L.

PLAN FORMULATION MEASURES DESIGN CALCULATION SHEETS

McCormick/Janes Ravine
MacArthur Ravine
Scotts/Hutchinson Ravine
Bartlett Ravine
Van Horne Ravine
Schenck Ravine
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