Town of Marshfield, MA, Appeal to FEMA Preliminary Coastal Flood Maps

I Introduction

This is an appeal to a portion of the Preliminary Flood Insurance Rating Maps for Plymouth
County, Massachusetts, as released on May 1, 2013, and as documented by Flood Insurance
Study Number 25023CV001B, and supplemented by electronic files provided to us by STARR ',
the consultant that prepared the study for FEMA. This appeal is being filed by the Town of
Marshfield, Massachusetts, on behalf of itself, specifically for the detailed studies (VE- and AE-
designated) areas near Wave Transects PL-64 and PL-66 identified in Attachment 1.
Attachment 2 contains FEMA STWAVE model significant wave height contours of the 1%
annual chance coastal storm. Attachment 3 shows the contouring of the Peak Wave Period of
the 1% annual chance coastal storm. The FEMA Preliminary Map for the area of interest is
shown in Attachment 4. These areas are included within the FEMA Preliminary panels
25023C0231K, 25023C0232K, 25023C0233K, and 25023C0234K, respectively. This appeal is
focused only on the boundaries and Base Flood Elevations (BFE) for the area near Wave
Transects PL-64 and PL-66, and deals only with the 1% annual chance flood as determined by
detailed studies. However, these transects were done to illustrate a general principle that wave
setup, which largely determines the BFE on the inland side of the outer coast, is overstated and
would be lower by several feet if the incident wave height as determined by the STWAVE model
were used instead of the deepwater offshore wave height of 30.65°.

As explained in detail below, the wave setups as we calculated them, would result in a reduction
of the inland BFE from 16-17" to 13-15 NAVD8&8 for Wave Transects PL-64 and PL-66 in the
area of detailed studies compared with the BFEs calculated by FEMA through the WHAFIS
program.

1L Legal Basis for Appeal

FEMA has issued a Guidance Document dated November 30, 2011, called “Criteria for Appeals
of Flood Insurance Rate Maps.” In that document several different criteria are identified as valid
bases for appealing Preliminary FIRMs. The basis for this appeal comes from page 7 of the
Guidance Document: “Technically Incorrect BFEs, Base Flood Depths, SFHA Zone
Designations, or Regulatory Floodways.” Ransom” applied a new hydrologic analysis in which
the original methodology was applied differently (“the methodology was not applied correctly’)
More specifically, the appeal is based on:

1) Use of a different incident wave height and period than used by FEMA on each of the
two transects based on the examination of the significant wave height (Hs=Hmo)
contours given to us by STARR as an x,y,z file as output from STARR’s STWAVE
model for Plymouth County. The incident wave height and period were selected near the

1 The modeling, calculations, reporting, and website from which Ransom downloaded data were created by
STARR, the consultant for FEMA. However, since the maps are being promulgated by FEMA, the report
commonly refers to FEMA as if it were the creator of the studies being challenged.

2 Ransom Consulting, Inc,, is a civil and environmental engineering firm with offices in Hamilton, New Jersey;
Providence, Rhode Island; Byfield, Massachusetts; Portsmouth, New Hampshire; and Portland, Maine
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shore where the density of wave contours increased (suggesting breaking) and was
approximately equal to one wave length out from the shore. As explained below, this
methodology has been used and accepted in coastal studies in Maine that have been
prepared by Ransom and accepted by FEMA.

I11. Technical Basis of the Appeal

Ransom Consulting, Inc. (Ransom), prepared the technical aspects of this appeal. Elevations are
all referenced to NAVDS8S in feet, unless otherwise noted.

The Wave Transects that this appeal focuses on that were used in the FEMA setup, CHAMP, and
runup models for the detailed studies in this area are shown on Attachment 1. Coastal flood
analyses require a number of modeling calculations in a certain sequence and can become quite
complicated. STARR has developed a lengthy and complex MATHCAD sheet to compute many
of the intermediate modeling steps that may be required. Ransom has used STARR’s
MATHCAD sheet, where appropriate, and their assumptions and inputs, where appropriate. This
report points out where the Ransom inputs and methodology differ from STARR’s.

The first and most important step in the process is defining the incident significant wave height
and peak period that is used to calculate wave setup and drive the CHAMP and runup models.
With the exception of inside Duxbury Bay, all of the incident wave heights used by FEMA are
deep offshore ocean waves calculated as the 1% annual chance offshore wave calculated from
WIS station statistics. For Duxbury Bay, as an example, STARR uses a significant incident
wave height for Wave Transect PL-113 of 30.67° and for the adjacent Wave Transect PL-112 the
incident wave height is 4.76’. The latter was derived from a nested grid STWAVE model carved
out of a coarser grid STWAVE model that covers all of Plymouth County. For unknown
reasons, then, STARR uses its STWAVE model to pick off incident wave heights for the purpose
of calculating wave setup, critical wave height (WHAFIS), and wave runup inside Duxbury
Harbor, but nowhere else in Plymouth County. We note that Ransom has performed a lot of
STWAVE modeling on the coast of Maine as part of FEMA appeals and LOMRs to develop
incident wave heights for the purpose of calculating wave setups, CHAMP inputs and runup.
This approach has been discussed with Region 1 and adopted as an acceptable way to calculate
incident wave heights.

Ransom has taken the x,y,z nested STWAVE significant wave height and Tp “results” files and
gridded them in SURFER™ at a grid cell size of A10m x A10m and then contoured it to develop
maps of wave height and of wave period and from those maps, chose incident wave heights and
periods for PL-64 and PL-66 (Attachments 2 and 3). Using these data, Ransom calculated wave
setup, then ran WHAFIS and then ran the appropriate runup models.

Attachment 5 is the Excel spreadsheet used to do an independent check on the open ocean wave
setup for PL-64. Attachment 6 is STARR’s MATHCAD sheet for PL-64 modified by Ransom
to take into account a different choice of incident wave properties. Attachment 7 is the
WHAFIS intact revetment model text output. Attachment 8 is the Wave Profile from WHAFIS
with the Runup added by hand to the intact revetment condition. Attachment 9 is the WHAFIS
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failed revetment model text output. Attachment 10 is the Wave Profile from WHAFIS with the
Runup added by hand to the failed revetment condition.

Attachment 11 is the Excel spreadsheet used to do an independent check on the open ocean
wave setup for PL-66. Attachment 12 is STARR’s MATHCAD sheet for PL-66, modified by
Ransom for a different choice of incident wave properties. Attachment 13 is the worksheet to
develop the input for the ACES runup model for PL-66 intact revetment condition. Attachment
14 text output for the WHAFIS model of the intact revetment condition. Attachment 15 is the
Wave Profile from WHAFIS with the Runup added by hand to the intact revetment condition for
PL-66. Attachment 16 is the WHAFIS failed revetment model text output. Attachment 17 is
the Wave Profile from WHAFIS with the Runup added by hand to the failed revetment condition
for PL-66.

Attachment 18 is Ransom’s remapping of the flood zones around PL-64 and PL-66.

The summary of results and comparison with the FEMA results are summarized in the Table in
Attachment 19.

Other Comments:

Besides the major comment that STWAVE should have been used to define the incident wave
height and period for setup, WHAFIS, and runup modeling, Ransom has two other comments on
the new MATHCAD sheet developed by STARR. First, the decision tree for the choice of
porosity reduction factor in the TAW Runup portion of the sheet does not function properly. For
the porosity = 0.1 and porosity = 0.4 the reduction factors are supposed to be proportioned
between the calculated value for porosity = 0.5 and no reduction (reduction factor = 1.0);
however that is not the case in the sheet.

Second, the “berm” reduction factor in the TAW Runup portion of the sheet is toggled to either
1.0 or 0.6 regardless of the elevation of the berm relative to SWEL or to the width of the berm.
Ransom suggests that STARR add a note asking the user to use the TAW recommended formula
for calculating the berm reduction factor.

We noted late in our work that the GIS files given to us by STARR contained two separate

S FLD HAZ AR shape files. We worked with and modified the one we found in the “Spatial”
subdirectory of the Plymouth County detailed study files. In producing Attachment 18 we
noticed that there appeared to be an AO zone missing in STARR’s shape file along Wave
Transect PL-061. After searching around in the complex directory tree in the download we
obtained from STARR, we found another shape file of the same name that contained AO and X
zones which were missing in the file we used from the “Spatial” subdirectory. We are not
proposing to modify the AO or X zones, particularly the AO zone in the vicinity of PL-061. In
Attachment 18 we have only labeled the zones that Ransom modified. Zones where Ransom
did not modify the Zone type or BFE are not labeled.
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Robert G. Gerber, Senior Engineer & Geologist, Ransom Consulting, Portland, ME
207-772-2891
Robert.Gerber@RansomEnv.com

Kenneth W. Milender, PE, Senior Project Manager, Ransom Consulting, Inc., Portsmouth, NH

Attachments 1-19, and CD with model data sets and associated files
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Client:_Town of Marshfield Wave Height and Wave Period Calculation Worksheet Calc By:__ RGG
County:___ Plymouth, MA PL-64 Date: 9-30-13
Transect Number:_PL-64

Wave Height, Wave Period, Wave Setup, and Failed Revetment / Coastal
Barrier / Steep Bluff Worksheet VERSION

12
1.0 Purpose/Objective

This worksheet was created to determine the unrestricted H,,,and T, where H,, is the energy-based significant wave height in meters and
Tp is the limiting wave period, or use user input H ,, and T}, values from ACES or STWAVE models. This worksheet also calculates the

open coast wave setup, which is the increase in stillwater elevation against a barrier caused by the attenuation of waves in shallow

I]Open’
water. Wave setup is based upon wave breaking characteristics and profile slope. Wave setup can be a significant contributor to the total
water level at the shoreline and must be included in the determination of coastal base flood elevations. This worksheet also evaluates the

wave setup against a coastal structure, 1., ure- FOT profiles with sloping revetments, this worksheet will also perform a failed structure

analysis and generate a new profile of the failed structure and calculate the wave setup on the failed revetment.

2.0 Procedure

For unrestricted fetch length analysis where no STWAVE or ACES model run was produced, an extremal analysis was performed to
determine three thresholds for peak wind speeds. The threshold with the highest correlation to either the Fisher-Tippett Type 1 (Gumbel),
Fisher-Tippett Type II (Frecher), or Wiebull distribution is input parameter U, , or the wind speed at 10m elevation (m/sec). Fetch, X, was

also determined for each location. An excel spreadsheet for each transect was generated to calculate the 1% annual chance stillwater
elevation. These variables are input into this worksheet from external worksheets and used for calculation within this worksheet.

Calculation worksheet details:

1. Go to View> Header and Footer... and fill out ALL relevant information to worksheet

2. Enter similar information on Page 2

B. Use radio buttons to select if analysis is based on "Unrestricted Fetch Wind Speed Input", "Restricted Fetch Input From ACES (H,_,,, Tp)", or

"STWAVE Input (H,,,, Tp)"

Section 5.1 - Wave Height and Wave Period
4. Fill in value of U, , and list peak threshold, regression, and correlation coefficient and associated files

b. If fetch length is unrestricted, continue to section 5.1.1, otherwise, skip section 5.1.1
Section 5.1.1 - Unrestricted Wave Height and Wave Period Calculation
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Client:_Town of Marshfield Wave Height and Wave Period Calculation Worksheet Calc By:__ RGG
County:___ Plymouth, MA PL-64 Date: 9-30-13

Transect Number:_PL-64

6. Fill in value of Fetch, X, and list associated calculation files.

7. Skip Section 5.1.2 and Section 5.1.3 if fetch length is unrestricted

Section 5.1.2 - Restricted Wave Height and Wave Period Calculation

8. If ACES model run was complete enter ACES program inputs including the fetch angles and fetch lengths used in the restricted analysis in
ACES

0. List the .mxd file and associated information involved in the calculation of fetch lengths

10. Fill in results of H;,; and T, from the ACES analysis and any ACES output files which were saved

11. Skip section 5.1.3

Section 5.1.3 - STWAVE Wave Height and Wave Period

12. If STWAVE model run was complete enter the associated wave height and wave period

13. List the associated STWAVE model file

Section 5.2 - Wave Setup

Section 5.2.1 - Open Coast Wave Setup Calculation

14. Enter value for average transect slope and associated .mxd file from which average slope was calculated

Section 5.2.2 - Wave Setup on a Revetment Calculation

15. Enter Profile variable excel file path information. Excel file should be formatted with the first row of the file having column headings. The
first column within the file should have station data in ascending order. The second column within the file should have the associated station
elevation in order of ascending station. All data should be in feet. This file needs to be an .Xls file as Mathcad is not currently compatible with
.xIsx files.

16. Enter horizontal distance from shoreline along transect which identifies the start of the coastal structure, Toe,,,, in feet

sta’
17. Enter horizontal distance from shoreline along transect which identifies the top of the coastal structure, Top,,,, in feet

18. Enter value for SWEL, 1% annual chance stillwater elevation in feet and name and path of associated excel file from which SWEL was
calculated

Section 5.3 - Wave Runup - TAW Method

19. Check Slopecy, . and Iribarreng, .., variables to determine if TAW method holds for these situations

0. Use radio buttons to select runup reduction factors

1. Enter incident angle, {3, if known, otherwise, assume 0

Section 5.4 - Failed Revetment Analysis

22. Enter approximate depth of armor layer in feet based on photographs and site inspections (ft)

23. Check value of Toe, .o Mid;  aiions Quarter, o, and Top,, .o, Which should be the location in the Station array which holds the value

Mid

of Toe Quarter,, and Top,,,. If the horizontal distance from the shoreline along the transect to these locations were not measured

sta’ sta’
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Client:_Town of Marshfield Wave Height and Wave Period Calculation Worksheet Calc By:__ RGG
County:___ Plymouth, MA PL-64 Date: 9-30-13

Transect Number:_PL-64

points in the Station array, then Toe; oy Mid)ation, Quarter; .o and/or Top, .ion Should be arrays of two values representing the
Mid
convergence tolerance (TOL) from the Tools > Worksheet Options option in the menu bar, until two values are listed for the Toe, o/

indices which the value of Toe Quarter,,, and.or Top,,, are between. If none or more than two values are listed, adjust the

sta’ sta’

Mid,.iions Quarter; .o and/or Top, .ion Variables.

Section 5.5 - Wave Setup on Failed Revetment

Section 5.6 - Wave Runup on Failed Revetment

4. Check SlopeCheck and IribarrenCheck variables to determine if TAW method holds for these situations
5. Use radio buttons to select runup reduction factors

26. Enter incident angle, {3, if known, otherwise, assume 0

Section 6.0 - Conclusions

3.0 References/Data Sources

Equation taken from Coastal Engineering Manual Part II (Publication date: August 1, 2008)
Atlantic Ocean and Gulf of Mexico Coastal Guidelines Update, FEMA, February, 2007
Guidelines and Specifications for Flood Hazard Mapping Partners [February 2007]

Coastal Engineering Manual Part VI

4.0 Assumptions

Unrestricted Wave Height and Wave Period Mathcad Calculation:
1. One of the following situations hold:
e Wind blows, with essentially constant direction, over a fetch for sufficient time to achieve steady-state, fetch-limited values

RARE condition

e Fully developed wave height, however, open-ocean waves rarely attain a limiting wave height for wind speeds above 50 knots of so.
2. Wave growth with fetch.

B. Wind speeds collected were taken at 10 m, to be a U;,measurement of wind speeds

Open Coast Wave Setup and Wave Setup on Existing and Failed Structures Analysis

1. Wave height, H_, is the deepwater wave height and is not in water of transitional depth

e Wind increases very quickly through time in an area removed from any close boundaries. Wave growth is considered duration-limited.
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Client:_Town of Marshfield Wave Height and Wave Period Calculation Worksheet Calc By:__ RGG
County:___ Plymouth, MA PL-64 Date: 9-30-13
Transect Number:_PL-64

2. The wave setup calculated is a "static" wave setup, during which the storm tide and incident wave conditions remain unchanged

B. The open coast wave setup calculation does not consider wave nonlinearity, wave breaking characteristics, profile slope, or wave
propagation through vegetation

4. Dynamic wave setup component is not considered, as it is small by comparison with the static component for the locations considered.

6. Wave period, Tp, remains constant and independent of depth for oscillatory waves

Wave Runup Analysis on Failed and Existing Structures - Technical Advisory Committee for Water Retaining Structures (TAW) Method

1. The TAW method is assumed to hold for all barriers, revetments, or dunes which have a slope of 1:8 or steeper

2. The shallow water significant wave height is assumed to be 88% of the deep water significant wave height

B. The breaking wave height is assumed to be 78% of the water depth at the toe of the barrier, revetment, or dune

4. The TAW method is assumed to hold for Iribarren numbers in the range of 0.5 to 10

5. The incident wave angle is assumed to be 0 in most cases

6. Assuming berm width is unknown, minimum and maximum berm section breakwater reduction factors were assumed for conditions
when a berm does and does not exist respectively

7. The runup values calculated are the 2% exceendence probability values

Failure of a Sloping Revetment

1. Landslide of revetment has constant slope

2. The scour depth does not include any parameters relating to sediment properties, which are expected to have some influence on the
scouring process.

B. The scour at the base of the structure is equal to the depth of the armored layer

4. The structure will collapse in place into a triangular section throughout the structure footprint, with side slopes equal to the original
structure slope

5. The landward side of the failed configuration will be half exposed and half buried

0. The soil slope landward from the failed structure fails to a uniform 1:1.5 slope, which extends to existing grade

7. Slope recedes back from the toe of the revetment at a 1:3 slope

Wave Height, Wave Period, Wave Setup, Failed Vertical Structure Calculation Worksheet

Modeler Name: Robert G. Gerber
Date: Sept. 18, 2013

County: Plymouth, MA

Transect Number: PL-66

Airport:

Years of Data set: ST WAVE MODEL
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Client:_Town of Marshfield Wave Height and Wave Period Calculation Worksheet Calc By:__ RGG
County:___ Plymouth, MA PL-64 Date: 9-30-13
Transect Number:_PL-64

|Associated Files: \ \ chifednas2\ fema\ R01\ Mass\ Plymouth\ ENGINEERING

5.0 Calculations

List of Variables:
Constants:

g - Gravitational acceleration (m/sec?)

Inputs:
X - straight line fetch distances over which the wind blows (miles)
U,, - Wind speed at 10 m elevation (ft/sec)

H, ostwave - Deep water signficant wave height input by user from STWAVE model
Tpsrwave - Wave period input by user from STWAVE model

m - Average slope of transect (dimensionless)
Profile - Excel file with station (ft) and elevations (ft) of transect profile
Toe,,, - Horizontal location of toe of structure relative to shoreline (ft)

Top,,, - Horizontal location of top of structure relative to shoreline (ft)

SWEL - 1% Annual Chance Stillwater Elevation (ft)
Armorp, - Depth of armor layer on a sloping revetment (ft)

ACESInput,,, - Angle of fetches input into ACES analysis (deg)
ACESInputg,, - Fetch length of fetches input into ACES analysis (ft)
H, ,oaces - Deepwater significant wave height from ACES analysis (ft)
Tpacps - Limiting wave period from ACES analysis (sec)

Working Variables:
Cp - Coefficient of drag for winds measured at 10 meters (dimensionless)

u, - Wind friction velocity (m/sec)

L, - Deep water wave length (ft)

S - Wave slope (dimensionless)

Toey, Mid,, Quarter,, Top,, - Elevation of toe, midpoint, upper quarter, and top of revetment from interpolation (ft)

Station - Array of station (ft) of existing (non-failed) profile
Elevation - Array of elevations (ft) of existing (non-failed) profile

ele,
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Client:_Town of Marshfield Wave Height and Wave Period Calculation Worksheet Calc By:__ RGG

County:___ Plymouth, MA PL-64 Date:

9-30-13

Transect Number:_PL-64

h - Water depth from the top of the water surface against a structure to the toe of the structure (ft)
b;, - Dimensionless breaking wave height
H, - Breaking wave height (ft)
b4 - Dimensionless breaking wave depth (dimensionless)
H, - Breaking wave depth (ft)
R - Wave setup relative to maximum wave setup (dimensionless)
Nopen - Open coast wave setup (ft)
1, - Wave setup component on a coastal structure from the water depth at the toe of a coastal structure (ft)
1, - Wave setup component determined for a sloping coastal structure (ft)
h, - Water depth over coastal structure when overtopping occurs (ft)
Nstructure - 10tal wave setup on a structure or steep slope (ft)
H;,; - Wave height used for analysis of failed structure equal to H_ ,, or the energy-based significant wave height, H_,, but
limited to a maximum equal to the breaking wave height, H, (ft)
S,, - Maximum scour depth (ft)
ToeV,,, - Elevation of toe of vertical coastal structure after scour occurs (ft)
Toe;cation Midocation Quarter;  .ion TOPocation- INdex of location of bottom of vertical coastal structure or revetment, midpoint
of revetment, quarter distance, and top of revetment within the Station array (dimensionless)
Offset, Offset, ., Offset .. Offset , Offset OffsetfailTop - Dummy variable equal to 0 if the horizontal location of the bottom of the

mid’ qua’ top,
vertical structure, revetment toe, revetment midpoint, revetment quarter distance, revetment top is listed in the Station
array, equal to 1 if the horizontal location of the bottom of the vertical structure is not listed in the station array
(dimensionless)

Toe 10 Mid, 10 Quarterg, ;. Topgio. - Index of location of toe of vertical coastal structure or revetment, midpoint of

toe’

revetment, quarter length of revetment, and top of revetment within the station array (dimensionless)
Stay,qy0c - Index to the last element in the Station array (dimensionless)

failed - Index to the last element in the Station array (dimensionless)

i,x,y,z,a,w - Counter variables (dimensionless)

Slope - Slope of a revetment (dimensionless)

Length - Length of a revetment (ft)

Midpoint, Quarter - Midpoint and Quarter of the distance along length of revetment (ft)
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Client:_Town of Marshfield Wave Height and Wave Period Calculation Worksheet Calc By:__ RGG
County:___ Plymouth, MA PL-64 Date: 9-30-13

Transect Number:_PL-64

Midsta’

ToeR,,,, - Elevation of toe of sloping revetment structure after scour occurs (ft)

end - last index of the station and elevation of the partial failure of a sloping revetment arrays

Quarter, - Distance from shoreline to midpoint and quarter distance of sloping revetment (ft)

FailRevety,, - Array of elevations of partial failure of a sloping revetment (ft)
FailRevetg,, - Array of station data of partial failure of a sloping revetment (ft)
Slopeg et - Slope or revetment expressed as a decimal or percentage (dimensionless)
Slopegvetoneon - Slope of revetment expressed as the horizontal distance associated with an increase in one vertical foot (string)
Slopecy, e - Indicator variable associated with determining if the TAW method is applicable based on barrier slope (string)
Slopecyeck - Indicator variable associated with determining if the TAW method is applicable based on barrier slope of failed revetment (string)
Depth;.
WaveType - Indicator variable associated with determining if water is considered to be shallow, deep, or transitional at the toe of the barrier

B - Incident wave angle (degrees)
T .10 - Spectral wave period (sec)

HmORunup,
Y, - Roughness reduction factor (dimensionless)

imited - INdicator variable associated with determining if the wave is depth limited at the toe of the revetment or structure (string)

H. orunup1 - Significant wave height adjusted if necessary for runup calculations (ft)

Yy, - Berm section in breakwater (dimensionless)

Yp - Porosity factor (dimensionless)

Yp - Wave direction factor (dimensionless)

Slopeparr revet - SlOpe or revetment expressed as a decimal or percentage (dimensionless)

Slopepa 1 Revetoneon - Slope of revetment expressed as the horizontal distance associated with an increase in one vertical foot (string)
Iribarrenc,. - Indicator variable to determine if the TAW method is applicable based on the Iribarren number (string)

FAILIribarrenq, . - Indicator variable to determine if the TAW method is applicable based on the Iribarren number for the failed revetment

(string)
FailTopg,, - Station of top of revetment after failure (ft)

FailTopg,, - Elevation of top of revetment after failure (ft)

Output:
H, o - Energy-based significant wave height (ft)
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Client:_Town of Marshfield Wave Height and Wave Period Calculation Worksheet Calc By:__ RGG

County:___ Plymouth, MA PL-64 Date: 9-30-13

Transect Number:_PL-64

Tp - Limiting wave period (sec)
FetchLength - Reports if fetch length is "Restricted" or "Unrestricted" based on user input

FetchStatus - Indicator of restricted or unrestricted fetch length based on user input (string)
n - Wave setup (ft)

FailEle - Array of elevation of existing profile if no coastal structure exists, or elevations of a failed vertical structure or
sloping revetment (ft)
FailSta - Array of stations of existing profile if no coastal structure exists, or stations of a failed vertical structure or sloping
revetment (ft)
Out, - Output file of failed elevation profile data if a coastal structure exists

Out, - Output file of failed station profile data if a coastal structure exists

Overtopped - Indicator of overtopping of a coastal structure with wave setup
R, - Two percent exceedence wave runup on revetment / barrier / or dune (ft)

Rgaqr09 - TWo percent exceedence wave runup on failed revetment / barrier / or dune (ft)
OVERTOPPEDRunup - Indicator variable to determine if revetment was overtopped by wave runup (string)

OVERTOPPEDFAILg ., - Indicator variable to determine if the failed revetment was overtopped by wave runup (string)

© Unrestricted Fetch
RIe]rsZ?i c.:;delj etShc[npm from ACES (Hmo, Tp) Select using radio buttons if input(s) is Unrestricted Fetch Length, Restricted

& STWAVE Tnput (Hmo, Tp) Fetch Length, or Wave Height and Wave Period from STWAVE

5.1 Wave Height, H

Definition of Variables:

mo and Wave Period, Tp Calculation

-9.81.2
g 2

S

Insert U;, wind speed in meters per second:
These fields must be populated, but will only be used for calculations if
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Client:_Town of Marshfield Wave Height and Wave Period Calculation Worksheet Calc By:__ RGG
PL-64 Date: 9-30-13

County:___ Plymouth, MA
Transect Number:_ PL-64

unrestricted radio button is selected above

o= 117.32.1
S

5.1.1 Calculation of Unrestricted Wave Height, H ,, and Wave Period, T,

Insert X, fetch in miles:
X 12.84m X 20663.98.m Feature Classused:

Calculate Coefficient of Drag, CQ:

o= 0.001.[1.1 . (0.035.u10.%ﬂ Cp- 0.0024

Calculate Wind Friction Velocity, ug (m/sec):

initialize ug: hee 1.1
S
Given . 2
Cp= S M= Find(us) Ug = 1.73m
S
U1o
Calculate Wave Height, Hm_() (m):
initialize Hmo == 0.01-m
H,.o
X - 20663.98.m U = 1.73% o= 9.81%%
Given

Page 9
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Client:_Town of Marshfield Wave Height and Wave Period Calculation Worksheet Calc By:__ RGG
County:___Plymouth, MA PL-64 Date: 9-30-13
Transect Number:_ PL-64

9-Hmo g-X 0.5
. 0.0413.(—2] Hai Find(Hmo) Hmo = 3.29.m Hmo = 10,791
Us

Us

Calculate Wave Period, TE (sec):

initialize Tp: Tp:=0.01s
X - 20663.98.m U = 1.73.% o= 9.812.%
Given 1
gu:P ) 0'751'(1_);] TIp,= Find(Tp) Tp=5.4s

5.1.2 Calculation of Restricted Wave Height, H

TP The calculation of restricted wave height, Hm0, and Wave Period, Tp, require the use of ACES software.

mo- and Wave Period,

Input angle of fetch and fetch length as
input to ACES with 0° facmg North.
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Client:_Town of Marshfield Wave Height and Wave Period Calculation Worksheet Calc By:__ RGG

County:___Plymouth, MA PL-64 Date: 9-30-13

Transect Number:_ PL-64

Aces
Output: These fields must be populated, but will only be used for calculations if

_ _ restricted radio button is selected above

5.1.3 Input Significant Wave Height (H_,,) and Wave Period (T}p) taken from STWAVE
_ _ These fields must be populated, but will only be used for calculations if
STWAVE Input radio button is selected above

Hmao= |HmosTwAVE if Fetchstaus= "STWAVE Input (Hmo, Tp)"

Hmoaces if Fetchstatus= "Restricted Fetch Input from ACES (Hmo, Tp)"

Hmo otherwise

RESULT:

Hap= 11.5.1 Tp~11.2sec  Fetchstaws - "STWAVE Input (Hmo, Tp)" Based on STWAVE model Results

5.2 Wave Setup, 1), Calculation

5.2.1 Open Coast Wave Setup Analysis

Definition of Variables:

M= 0.022548 Insert value of average transect slope based on GIS data
(see Ransom spreadsheet

Calculate Deep Water Wave Length, Ly:
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Wave Height and Wave Period Calculation Worksheet Calc By:_ RGG

Client:_Town of Marshfield

Date: 9-30-13

sV

5.2.2 Wave Setup On Structures Analysis for Structures/Steep Slopes (1:8 or Steeper) which Intersect the SWEL

Figure from: Atlantic Ocean and Gulf of
Mexico Coastal Guidelines Update Feb
2007

Figure D.2.6-6. Definition Sketch for Nonovertopped Levee

Definition of Variables:
Enter path and file name of .xIs file containing station and elevation data for transect within the "" below:

County:___Plymouth, MA PL-64
Transect Number:_ PL-64
g-TP2
Lo:= Lo=642.341t Equation source: Coastal Engineering Manual Part VI Page
2 VI-5-236
Calculate Wave Slope, S:
PRI 5-0.0179  s-1.79%
0
Calculate Static Open Coast Wave Setup:
— hn.0.160 m0-2 Equation Source: Atlantic Ocean and Gulf of Mexico Coastal Guidelines
flopen = Fim0- =555 nopen = 1.93 1t Update Feb 2007 - Equation D.2.6-1
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Client:_Town of Marshfield

County:___ Plymouth, MA
Transect Number:_ PL-64

Wave Height and Wave Period Calculation Worksheet

PL-64

Calc By:__ RGG

Date:

9-30-13

0 1
0 | -3334.7| -34.65
1| -3284.7| -34.34
2 | -32347 -34

Profle=| 3 | _3184.7| -33.65
4 | -31347| -33.27
5 | -3084.7| -32.87
6 | -3034.7| -32.44
7 | -2984.7

The following displays the profile of the

Station := Profile

Station := Station-1-ft

Array of horizontal
distance from the shoreline

0
0 -3334.7
Station =| 1 .3284.7|ft
2 -3234.7
3

The following displays Profile data from excel worksheet identified above and lists Station and Elevation as two
separate arrays and define elevation and station in feet:

(
Elevation := Profile

Elevation := Elevation-1-ft

Array of Elevations associated with each
horizontal distance from the shoreline:

0
-34.65
-34.34|ft

Elevation =

WIN|(FL|O
1
w
~
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Client:_Town of Marshfield
County:___ Plymouth, MA
Transect Number:_PL-64

Wave Height and Wave Period Calculation Worksheet

PL-64

Calc By:__ RGG
Date: 9-30-13

104.09.07

Elevation
+——+ 20
0 200 400
Station
h=h,+h,
Check overtopping if occurs
) &
Yes h,+SWEL >
Recalculate h, CTrest Elev.
Calculate setup height over
the structure No
h,=h +SWEL-Crest Elev
h,=0.15(h,+h,[(1-( h,/ h))?]
\
Total Setup
( h;=h,+h, >
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Client:_Town of Marshfield Wave Height and Wave Period Calculation Worksheet Calc By:__ RGG
County:___Plymouth, MA PL-64 Date: 9-30-13
Transect Number:_ PL-64

Identify station and elevation of the toe of the structure:

Toegle := linterp(Station, Elevation, Toesta) Toegle = 4.36t
Identify station and elevation of the top of the structure:

Topele := linterp(Station, Elevation, Topsta) Topele = 23.851t
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Client:_Town of Marshfield Wave Height and Wave Period Calculation Worksheet Calc By:__ RGG
County:___ Plymouth, MA PL-64 Date: 9-30-13
Transect Number:_PL-64

Calculate Water Depth at Structure, h

h:= SWEL — Toegle h=6.11

Calculate the Breaking Wave Height, I—Ib;
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Client:_Town of Marshfield Wave Height and Wave Period Calculation Worksheet Calc By:__ RGG
County:___ Plymouth, MA PL-64 Date: 9-30-13
Transect Number:_PL-64

0.10

0.08
Figure from: Atlantic Ocean and Gulf of

Mexico Coastal Guidelines Update Feb
2007

0.06

0.04

0.02

Dimensionless Breaking Wave Height, H,/L

000 : :
0.00 0.02 0.04 008 0.08 010

Deep Water Wave Steepness, H_/L |

Figure D.2.6-7. Dimensionless Breaking Wave Height vs. Deepwater Wave Steepness

bp:= 0.8481s + 0.0057 bp=0.02 Estimated curve equation in Figure
D.2.6-7

Hp := bh-Lo Hp = 13.41+

Calculate the Breaking Wave Depth, H;:
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Client:_Town of Marshfield Wave Height and Wave Period Calculation Worksheet Calc By:__ RGG
County:___ Plymouth, MA PL-64 Date: 9-30-13

Transect Number:_PL-64

0.20 ; I ;
ec
< i i i i
£ 045 [ B B . .
8 : : : - Figure from: Atlantic Ocean and Gulf of
k> Mexico Coastal Guidelines Update Feb
3 2007
£ 010
&
T
=]
& 0.05 -
£
(]
0.00 : i | | | :
0.00 0.02 0.04 0.06 0.02 010
Deep Water Wave Steepness, H, /L |
Figure D.2.6-8. Dimensionless Breaking Water Depth vs. Deepwater Wave Steepness.
bq:=1.2205-s + 0.0033 bg=0.03  Estimated curve equation from Figure
D.2.6-8
Hq := bg-Lo Hg = 16.16+t
Calculate Wave Setup on a Structure : . .
b +Lstructures Figure from: Atlantic Ocean and
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Client:_Town of Marshfield

Wave Height and Wave Period Calculation Worksheet

Calc By:__ RGG

County:___ Plymouth, MA PL-64 Date: 9-30-13
Transect Number:_PL-64
e _ _ Gulf of Mexico Coastal
Guidelines Update Feb 2007
% 04
H
H
¢ 02
S
0.0 : : :
0.0 02 0.4 0.6 0.8 1.0
Depth Relative to Breaking Depth
Figure D.2.6-9. Proportion of Maximum Wave Setup that Has Occurred vs. a Proportion of
the Breaking Depth.
R o.s{lj N 1} i (lj <0.092
mw | Hg Hg
Equation based on estimated curve from 0.39194(Lj + 0.9585} it 0.092<2<0.4
. Hd Hd
Figure D.2.6-9 -
0.3475{% N 0.9379} it 0.4< 209
| Hd Hd
| h 2 h h
33.312{—] + 59.811-(—) -26.223| it 0.9< (—j <0.94444
| Hg Hd Hg
9.8703{lj N 9.8703} it 0.94444 < (lj <1
| Hd Hd
0 otherwise
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Client:_Town of Marshfield Wave Height and Wave Period Calculation Worksheet Calc By:__ RGG

County:___ Plymouth, MA PL-64 Date: 9-30-13
Transect Number:_PL-64
h
rR=0.81 —=0.38
d
M1 := Rmopen n1=1.561 n2 = 0.15<(h+n1) n2=1.15+#
MStructure = M1 + M2 nstructure = 2. 7 Lt
Total Setup against a coastal structure without considering
Check Overtopping if Coastal Structure Exists: overtopping
Overtopped := ["Y€S" if (nstructure + SWEL) > Topele Overtopped = "NO"
"NO" otherwise
h2 = (T]Structure + SWEL - Tope|e) if OVertOpped = "YeS"

0 otherwise

Equation D.2.6-12 for 1), from Atlantic Ocean and Gulf of Mexico
Coastal Guidelines Update

2
h
2= [0.15:(h+ ’f]l)'|:l - [sz } if Overtopped = "Yes"
n2 otherwise

) _271x Total Setup with
NSHWeIE,= N1 + N2 NStructure = £- a coastal

structure

5.3 Wave Runup Analysis (Using TAW Method)

Flow Chart of Process of Calculating Wave Runup:
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Client:_Town of Marshfield
County:___ Plymouth, MA
Transect Number:_PL-64

Wave Height and Wave Period Calculation Worksheet

Calc By:__ RGG
Date: 9-30-13

Checking Slope of Revetment to determine if it is between 1:1 and 1:8:

Slope B (TOPeIe - Toeele)
PeRevet = (TOPsta - Toesta)

1

SloperevetoneOn = ————
SlopeRrevet

Sloperevet = 57.3-%

Sloperevetoneon = 1.75

Input Data: Deep Water Wave

barrier slope (m), and J’epth

Parameters (H,, L, T,),

at the toe (d,)

1:1<m<1:8

TAW not valid, find
another method

Yes

parameters at barrier (H, @,

Calculate: Local wave

LO' Tm-lO(Z))

—Shallow<0.2

H,,o=0.88H,

Calculate T, ;4= Tp/
1.1 (D.2.8-16)

Calculate L,
(D.2.8-3)

‘aveEqn. Type
L,/d

o'fs

Deep/Trans =>0.2

NO

Broken Wave?
heck if H,>0.78 d,

Calculate x , =m/
SQRT(H,,/L,

mo)

Yes

Proceed to reduction
factors & calculate
runup

MathCAD V14
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Client:_Town of Marshfield Wave Height and Wave Period Calculation Worksheet Calc By:__ RGG
County:___ Plymouth, MA PL-64 Date: 9-30-13
Transect Number:_PL-64

Slopecheck = | "TAW Method of Runup Calculation Applies" it 0 < Sloperevetoneon < 8
"TAW Method Does Not Apply, Switch to Runup-2.0" otherwise

Slopecheck = ' TAW Method of Runup Calculation Applies"

Check if Wave is Depth Limited at the Toe of the Revetment / Barrier:

Depth| imited := | "Limited" if Hmg>0.78:h

"Not Limited" otherwise

If wave is depth limited, H, will be used rather than H,

Depth| imited = "Limited"

Determine Wave Type:

m " . h
WwaveType := | "Shallow" if o< 2
0

"Transitional" it 0.2 < Ll <05
0

"Deep" otherwise

WaveType = "Shallow"

Determine Significant Wave Height Depending on Wave Type and DepthLimited Condition:

Hmorunup1:= | 0.88-Hmo if WaveType = "Shallow" Hmorunup = 10.121t
Hmo otherwise
Hmorunup:= | 0.78:h if Depthiimiteq = "Limited" Hmorunup = 4. 751t
Hmorunup1 Otherwise
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Client:_Town of Marshfield Wave Height and Wave Period Calculation Worksheet

County:___ Plymouth, MA PL-64
Transect Number:_PL-64

Calc By:__ RGG

Date:

9-30-13

Calculate the Spectral Wave Period, T,n_10

Tm10:= % Equation D.2.8-16 Tmio=10.18s

Calculate the Wave Length Associated with the Spectral Wave Period, Lm_oi

2
T
Lmo = gzﬂ Equation D.2.8-3 Lmo = 530.86 1t

-TC

Calculate the Iribarren Number, E@;

Sl
fom = —RoVeL éom - 6.05

Hmorunup
Lmo

Check TAW Method for Validity based on Iribarren Number:

"TAW method is Valid" i 0.5<¢gm< 10

Iribarrencheck :=

Iribarrencheck = - TAW method is Valid"

"TAW method is NOT vaild for this Irbarren value. Please seek alternative method."

Calculate Runup Reduction Factors in Accordance with Table D.2.8-5 of Guidelines and Specifications for Flood Hazard Mapping:
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Client:_Town of Marshfield

County:___ Plymouth, MA
Transect Number:_PL-64

Wave Height and Wave Period Calculation Worksheet

PL-64

Calc By:__ RGG
Date: 9-30-13

Runup

Reduction Factor

Table D.2.8-5. Summary of /' Runup Reduction Factors

Characteristic/Condition

Value of / for Runup

Smooth Concrete, Yo 1.0
Asphalt, and Smooth ’
Roughness Block Revetment
Reduction Factor, | 1 Layer of Rock With ¥r _as
y. Diameter. D. =0.55100.60 (D28-10)
HID _ 43
¥ . . -
,;gor:hﬁore Layers of Rock. | », _ 0.5 t0 0.55
P 15106
Quadratic Blocks ¥ = 0.70 to 0.95. See Table V-
5-3 in CEM for greater detail
Berm Section in B ( md, 1]
Breakwater. Berm Present in Structure | #» =1— a7 ]—cos!‘ ‘c. || 06<yz<10
¥s B=Berm Cross section. See Figure B ”; o
- B = 5. tions o dy
Width. gj:_. 8 for Definitions of Rif = % =
PR . Lpem and Other o H, H,.
Gy Parameters =9 d.
“ * Jin radians ‘ 2H,, if 0= ——-=2
- ma (D.28-11)

Minimum and maximum values of

Yo = 0.6 and 1.0, respectively

Factor.

waves

Wave Direction

"
Ye
N

B 1s 1n degrees
and = 0° for

normally incident

1.0.0<|8]<10°
Long-Crested Waves = J_cos(l,{?l —10%).10° < |-'6| <63
v. |0.63.]8]>63 (D2812)
1-0.0022|8|.| 8| = 80°
Short-Crested Waves . R
1-0.0022|80].|,5| = 80 (D2.8-13)

Porosity Factor,

2.0

Vr Yp =10, Seme33: P = L1750 o
Permeable Structure Core =10 3.3 8= o = 7
3.3 and porosity = 0.5_ for smaller porosities,
proportion Ve according to porosity .
See Figure D.2_8-7 for definition of porosity
(D.2.8-14)
MathCAD V14 Saved 9/30/2013 2:06 PM Page 24

P:\2013\131.06126\Scituate, MA\Scituate\Coastal\1090002\Plymouth\Plymouth_Coastal_PMR\Offshore_Wave_Models\Mathcad\Simulations\Production_Runs\Wave_Model\Ransom PL64
HmoTp_Setup Runup REVETMENT.xmcdz




Client:_Town of Marshfield
County:___ Plymouth, MA
Transect Number:_ PL-64

Wave Height and Wave Period Calculation Worksheet

Calc By:__ RGG

PL-64

Date: 9-30-13

Select Roughness Reduction Factor, v..

~ Smooth Concrete, Asphalt, and Smooth Block Revetme
# 1 Laver of Rock with Diameter, D, where Hs/D =1 to 3
© 2 or More Layers of Rock where Hs/D=1.5t0 6

© Quadratic Blocks

=

~r if 4> 0.53
"Please Select Radio Button"

Select Berm Section in Breakwater, y,:

~ Berm Present
# No Berm Prese

Select Wave Direction Factor, YVg:

& Short-Crested Wave
© Long-Crested Wave

0° for normally incident wave

Default Value - 1 layer of rock with diameter Hs/D =1to 3

otherwise

= 0.58

b if vp>0.5

"Please Select Radio Button"

(1-0.0022.6) i |g| <80n~g=1
(1-0.0022]s0]) it (|g| >80) Avp=1
1 it o<|pl<10A~g=2

cos{(|ﬁ| 40){%}} i (10< o] < 63 ~g=2)

0.63 if |p]>63A~p=2
"Please Select Radio Button"

otherwise

otherwise

Default Value - No Berm
w=1

Default Value - Short Crested Wave with
normally incident wave

=1
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Client:_Town of Marshfield Wave Height and Wave Period Calculation Worksheet
County:___Plymouth, MA PL-64

Transect Number:_ PL-64

Calc By:__ RGG
Date: 9-30-13

B

D = 025005

)

RS
i —0spiT

Select Porosity Factor, yp:

vp= |1 it (Porosity= 0.5) n €om < 3.3
2

—— = || i (Porosity= 0.5) r tom > 3.3
Default Porosity = 0.5 1.17-¢9m 040

0.5 otherwise

Summary of Reduction Factors:

p-0.75

=1
w=1
~ = 0.58

Figure VI-5-11. Notational permeability coefficients (van der Meer 1988)

Default Value -
P=05

vp=0.75
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Client:_Town of Marshfield Wave Height and Wave Period Calculation Worksheet Calc By:__ RGG
County:___ Plymouth, MA PL-64 Date: 9-30-13

Transect Number:_PL-64

Calculate Runup Reduction Factors in Accordance with Table D.2.8-5 of Guidelines and Specifications for Flood Hazard Mapping:

R2os = HmOrunup'(1-77'“{r"Yb"YB"Yp'iom) if 0.5<7p-fom<1.8

1.6
HmOrunup'{“{r"Yb"YB"Yp'[4-3 if 1.8 <~p-tom
N

€om

O otherwise

Rass= | "TAW Not Valid" it Slopecheck = "TAW Method Does Not Apply, Switch to Runup-2.0"

"TAW Not Valid" if Iribarrencheck = "TAW method is NOT vaild for this Irbarren value. Please seek alternative method."

Roos otherwise

Roop = /.51t

Check for Overtopping:

OVERTOPPEDRunup:= |"Overtopped... Please consider 3 foot rule” it (Rpop + SWEL) > Topele

"NO Overtopping" otherwise

OVERTOPPEDRynup = 'NO Overtopping”

5.4 Failed Revetment Structure Analysis

Calculate Slope of the Revetment:
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Client:_Town of Marshfield Wave Height and Wave Period Calculation Worksheet Calc By:__ RGG
County:___ Plymouth, MA PL-64 Date: 9-30-13
Transect Number:_PL-64

Slope - (Topele - Toeele)
Pe (Topsta — Toesta) Slope = 0.57

Calculate the Midpoint of the Revetment:

Length := \/(Topsta - Toesta)z + (Topele - Toee|e)2 Length = 39.191t
Length
Midpoint := Tg Midpoint = 19.59ft

Determine the Distance from the Shoreline to the Midpoint of the Revetment:

Midpoint
Midstg := [( Le:gth )-(Topsta - Toesta)} + Toesta Midstq = 56.77 1t

Determine the Elevation of the Midpoint of the Revetment:

Midele = linterp(Station, Elevation, Midsta) Midgle = 14.11 1t

Calculate the Upper Quarter of the Revetment:

h-3
Quarter := Le% Quarter = 29.391t

Determine the Distance from the Shoreline to the Upper Quadrant of the Revetment:

Quarter
Quartergtg := -(Topsta - Toesta) + Toesta

Length Quartergtg = 65.27 ft

Determine the Elevation of the Upper Quadrant of the Revetment:

Quartergje := linterp(Station, Elevation, Quartersta) Quartergle = 18.98 1t

Calculate Scour at the Toe of the Revetment:
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Client:_Town of Marshfield Wave Height and Wave Period Calculation Worksheet Calc By:__ RGG
County:___Plymouth, MA PL-64 Date: 9-30-13
Transect Number:_ PL-64

TOeRscour = TOEe|e - ArmOrD TOeRscour = O.36ft

Adjusting the Existing Profile:

Offset

Offset,;q, Offset,,, and Offset,,, are equal to 0 if the horizontal distance from the shoreline to the bottom of the vertical

structure already exists in the station array, otherwise, offset is set to 1. If no data point exists to represent the station of these locations, a
data point is created in the FailSta array, which is the array of horizontal distances from the shoreline along the transect which is used to
generate a profile of the failed structures.

toe”’

0
0 | -33347
1 | -3284.7
2 | -32347
3 | -3184.7
4 | -31347
5 | -3084.7
6 | -3034.7
Station=| 7 -2084.7 | ft
8 | -29347
9 | -2884.7
10 | -2834.7
11 | -2784.7
12 | -27347
13 | -2684.7
14 | -2634.7
15
Determine if station of the toe of the revetment is within the Station array and if not, add a data point
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Client:_Town of Marshfield Wave Height and Wave Period Calculation Worksheet Calc By:__ RGG
County:___ Plymouth, MA PL-64 Date: 9-30-13

Transect Number:_PL-64

T0e|ocation = matCh(TOeSta, Station) T0e|ocation = (225 ) T0e|ocationo = 225 Toesta = 39.77ft

Offsetige:= (O if Station = Toesta , _
(Toelocation ) Toestaloc == | To€locations + Offsetige if Toestg > Station )
0 0 (Toelocatlono)
1 otherwise Toelocationo otherwise
OffSettoe = O

Toestak)c = 2 2 5

Determine if station of the midpoint of the revetment is within the Station array and if not, add a data point2

225

Mid|0cati0n = matCh(Midsta, Station) Mid|0cati0n = Mid|0cati0n0 = 225 Mldsta = 56.77ﬂ
226

Offsetmig = [0 if Station/, = Mid

mid (M'dlocationo) sta
Midstak)c = Mid|0cati0n0 + OffSettoe + Oﬁsetm|d if Mldsta > Station Mid i
1 otherwise ( |°Cat'0n0)
(Midlocationo + Offsettoe) otherwise
Offsetmiqg = 1

Midstak)c = 226 FailReVetStaMidStaloc = Mldsta

Determine if station of the upper quadrant of the revetment is within the Station array and if not, add a data point

225
arter|gcation = Match(Quartersta , Station arter|gcation = arter|gcation = 225
Quarter|pcation (QU sta I ) Quarter|pcation 226 Qu locationgy Quartersta = 65.27 ft
Offsetqua == |0 if Statlon(Quafteﬂocationo) = Quartersta
1 otherwise
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Client:_Town of Marshfield Wave Height and Wave Period Calculation Worksheet Calc By:__ RGG
County:___ Plymouth, MA PL-64 Date: 9-30-13
Transect Number:_PL-64

Offsetqua = 1
Quarter = | Quarter i + Offsettge + Offsetyig + Offset if Quartergtg > Station )
Staloc Iocatlono toe mid qua sta (Qua"te"locanono)
(Qual’terlocationo + Offsettge + Oﬁsetmid) otherwise
Quartersgaloc = 227 Fa”ReVEtStaQuartergtamc = Quartersty

Determine if station of the top of the revetment is within the Station array and if not, add a data point
Toplocation := Match(Topsta, Station) Topjocation = (226) Topjocationgy = 226 Topsta= /3.771t

Offsetygp = | O if Station( = Topsta

TOplocationo)

1 otherwise

OffSetto p= O

Topstaloc == | ToPlocation ot Offsettpe + Offsetmid + Offsetqua + Offsetipp if Topsta 2 Station(Toplocation )
0

(TOPIocationo + Offsettge + Offsetmid + Oﬁsetqua) otherwise

Topstak)c = 228 FaiIReVetStaTopStaloc = Topsta

Sets the station of the failed profile to be equal to the existing profile station from the shore to the toe of the revetment

i= T0e|ocationo.. O FaiIReVetStai = Stationi FaiIReVetStaToeStaloc = Toesta

Sets the station of the failed profile to be equal to the existing profile station from the toe of the revetment to the midpoint of the
revetment, offsetting if a data point was added to represent the toe of the revetment
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Client:_Town of Marshfield Wave Height and Wave Period Calculation Worksheet Calc By:__ RGG
County:___ Plymouth, MA PL-64 Date: 9-30-13
Transect Number:_PL-64

X = (ToeStaloc + 1) - (MidStanc - 1) if (ToeStaloc + 1) < ('V”dStaloc - 1)

Toestaloc Otherwise

FailRevetSta>< = | Station if x # Toestaloc

x—Offsetige

Toestg Otherwise

FailReVetStaMidStaloc = Mldsta
Sets the station of the failed profile to be equal to the existing profile station from the midpoint of the revetment to the upper quadrant
of the revetment, offsetting values if a data point was added to represent the midpoint of the revetment
y:= (Mldsta|oc + 1) . (Quartersta|oc - 1) if (Mldsta|oc + 1) < (Quarterstak)c - l)

Midstaloc Otherwise

FallRevetSIay = Statlony—Offsettoe—Of‘fsetmid if y=# Midstaloc

Midstgq otherwise

Fa”ReVEtStaQuarterStamc = Quartergty

Sets the station of the failed profile to be equal to the existing profile station from the upper quadrant of the revetment to the top of the
revetment, offsetting values if a data point was added to represent the upper quadrant of the revetment

z:= (QuafterStanc + 1) - (TOPStanc - 1) if (Qua"terStaloc + 1) 2 (TOPStanc - 1)

Quartergtgloc  Otherwise
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Client:_Town of Marshfield Wave Height and Wave Period Calculation Worksheet Calc By:__ RGG
County:___ Plymouth, MA PL-64 Date: 9-30-13
Transect Number:_PL-64

FailRevetStaZ = | Station if z # Quartersialoc

zZ— Offsettoe— Oﬁsetm id— Oﬁsetq ua

Quartergtg otherwise

Fail ReVetStaTo PStaloc = Topsta

Sets the station of the failed profile to be equal to the existing profile station from the top of the revetment to the end of the transect,
offsetting values to compensate for any added data points

end := last(Station) + Offsettge + Offsetmig + Offsetqua + Offsettgp end = 1005

W= (TOPStaloc + 1) ~end FaIIReVEtStaW = Statlonw—Offsettoe—Of‘fsetmid—Offsetqua—Offsettop

Sets the elevation of the failed profile to be equal to the existing profile from the shore to the toe of the revetment and then slopes
towards the shoreline at a 3h:1v slope from the toe of the revetment

FaiIRevetE|ei = EIevationi

1 1
FailReVetE|ei = |:H:(Toesta - FallReVetStal)(E + TOeRscour if (Toesta - FallReVetStal) 5 + TOeRscour < EIeVatiOni

break otherwise

Sets the elevation at the toe of the revetment to the elevation after failure

FaiIReVEtEleTOeStak)c = TOeRscour

Sets the elevation of the failed revetment from the toe to the midpoint of the revetment based on armor depth if points exist between
the toe and midpoint of the revetment

FallRevetE|ex = EIevatlonX_Offsettoe — Armorp if x # Toestaloc

ToeRgcour Otherwise
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Client:_Town of Marshfield Wave Height and Wave Period Calculation Worksheet Calc By:__ RGG
County:___ Plymouth, MA PL-64 Date: 9-30-13
Transect Number:_PL-64

Sets the elevation of the middle of the revetment
FaiIRevetE|e,vIidStaIOC = (Mide|e - ArmorD)

Sets the elevation of the failed revetment from the midpoint to the upper quadrant of the revetment assuming a constant slope equal to
the slope of the original revetment, only sloping downwards instead.

FalIReVEtEIey = (Stat'ony_offsettoe—offsetmid

- Midsta)-(SIope<—l) + (Midele — Armorp) if y # Midstaloc
((Mide|e - ArmorD)) otherwise

Sets the elevation of the upper quadrant of the revetment

Fa"ReVEtEleQuarterStabc = (Quartersta - Midsta)-(SIopeA—l) + (Mide|e - ArmorD)

Sets the elevation of the failed revetment from the upper quadrant to the top of the failed revetment assuming a constant slope of
1v:1.5h until it reaches the existing elevation, or the top of the revetment.

j= (QuarterStabc + l) .end

1 1
FailRevetg|e. == FailRevetstg. — Quarter | —— || + FailRevet if |(FailRevetgtg. — Quarter | —— || + FailRevet, < Elevation.
Eley ( Stay ~ Q sta) (1_5 EleQuarterstaloc ( Sta; ~ Q sta) 1.5 EleQuartersaloc |-Offsetioe—Offsetmig—Offsetqua

break otherwise

failed := last(FailRevetgje) failed = 230
bland := O
Finds the intersection point of failed profile and intact profile: . 0
failed =
Station =95.771 Station, _. =81.77+
I failed-Offsetoe—Offsetmig—Offsetqua+ 1 ! failed—Offsettge—Offsetmig—Offsetqua
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Client:_Town of Marshfield

Wave Height and Wave Period Calculation Worksheet

Calc By:__ RGG

County:___ Plymouth, MA
Transect Number:_PL-64

PL-64 Date: 9-30-13

Elevation_ .
failed—Offsetioe—Offsetmig—Offsetquat 1

— Elevation

failed—Offsettge—Offsetmid—Offsetqua

Landsiope = Station
failed—Offsetioe—Offsetmig—Offsetquat 1

Lands|ope = *O

Given

Elevation Stati

failed-OffsetioeOffsetmig-Offsetqua+
bland,;= Find(bjand) = 24.41 1

1
15

Failedsk)pe =

Given

FailReVetE|efai|ed = Fa”ReVetStafailed'Failedsk)pe + bfa"ed
Dtailed= Find(bfa”ed) =-38.28tt

Given

X-Faileds|ope + bfailed = X-Lands|ope + bland

X,= Find(X) = 93.561t

Y := X-Faileds|ope + bfajled = 24.09+

FailTopsta = 93.56 1t

FailTopsty = X

FailTopgle := Y FailTopgle = 24.091t

on
failed— Oﬁsettoe* OﬁSetm id— OﬁSetq uat 1

— Station

failed—Offsettpe—Offsetmig—Offsetqua

-Lands|ope + bland
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Client:_Town of Marshfield Wave Height and Wave Period Calculation Worksheet
County:___ Plymouth, MA PL-64
Transect Number:_PL-64

Calc By:__ RGG
Date: 9-30-13

Oﬁsetintersect = O if FallTOpSta = Statlonfailed*Oﬁsettoefoﬁsetmidfoﬁsetqua

1

FallReVEtStafailed+Oﬁsetintersect =X FallReVEtElefailed+oﬁSetintersect =Y

a:= (falled + Offsetintersect + l) ..end

FaIIReVEtStaa = Statlona— Oﬁsettoe—oﬁsetmid—oﬁsetqua—oﬁsetintersect

FaIIReVEtElea = Elevatlona—Oﬁsettoe—oﬁsetmid—oﬁsetqua—oﬁsetintersect

Offsetintersect = 1

30 T T

20

FailRevetg|e

Elevation 10

0 200 400
FailRevetstg , Station

5.5 Wave Setup, 1, Calculation on Failed Revetment
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Client:_Town of Marshfield Wave Height and Wave Period Calculation Worksheet Calc By:__ RGG
County:___ Plymouth, MA PL-64 Date: 9-30-13
Transect Number:_PL-64

The following displays the failed profile of the transect:

30 T T

20
FailRevetg|e

+—— 10

0

I I
0 200 400
FailRevetsty
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Client:_Town of Marshfield Wave Height and Wave Period Calculation Worksheet Calc By:__ RGG
County:___ Plymouth, MA PL-64 Date: 9-30-13

Transect Number:_PL-64
< Total Setup >
h.=h,+h,

Check overtopping if occurs

h,+SWEL >
Crest Elev.

Recalculate h,

Calculate setup height over
the structure No
h,=h +SWEL-Crest Elev

I

Calculate Water Depth at Failed Structure, h PR T
\
p
h=h,+h,
Hh= bh-Lo Hp = 13.41+ Hd.:= bg-Lo Hg = 16.161t

Calculate Wave Setup on a FailedStructure, 0 .., uret
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Client:_Town of Marshfield

Wave Height and Wave Period Calculation Worksheet

Calc By:__ RGG

County:___ Plymouth, MA PL-64 Date: 9-30-13
Transect Number:_PL-64
1.0 _ h h
i R —0.8-[H—d] \ 1} i [H—dj £0.092
@ 08 -
: _0.3919.[lj . 0.9585}  0.092- 1 20.4
E L Hd Hd
E 08 -
_0.3475.[lj ; 0.9379} f 0.4< 1 <09
" Hd Hd
"E 04 -
: h 2 h h
s _33.312.[—j . 59.811.(—] - 26.223| it 0.9- [—j <0.94444
& | Hd Hg Hd
: _9.8703.[lj . 9.8703} 1 0.94444 < (l] <1
i | i i | Hd Hg
0 DD (i 02 04 06 08 1.0 - i
Depth Relative to Breaking Depth 0 otherwise
Figure D.2.6-9. Proportion of Maximum Wave Setup that Has Occurred vs. a Proportion of
the Breaking Depth.
Figure from: Atlantic Ocean and Equatlcgl ;Dzsgd on estimated curve from
Gulf of Mexico Coastal lgure L.2.0-
Guidelines Update Feb 2007
rR=0.72 h 062
Hg
M= RMopen nL= 1.391 M= 0.15-(h + Tll) n2 = 1.721

NFailedStructure := M1 + M2 NFailedStructure = 3. 11t

Check Overtopping if Coastal Structure Exists:

Qvertopped:= | "Y€S" if (nFailedStructure + SWEL) > FailTopgle
IINOII

otherwise

Total Setup against a coastal structure without considering
overtopping

"

Overtopped = "NO
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Client:_Town of Marshfield Wave Height and Wave Period Calculation Worksheet

County:___ Plymouth, MA PL-64
Transect Number:_PL-64

Calc By:__ RGG

Date:

9-30-13

h2:= | (nFailedStructure + SWEL — Topeje) if Overtopped = "Yes"

0 otherwise

Equation D.2.6-12 for 1), from Atlantic Ocean and Gulf of Mexico
Coastal Guidelines Update

2
h
2= [0.15:(h+ ’f]l)'|:l - [sz } if Overtopped = "Yes"

n2 otherwise

Total Setup with a

, 4 i =3.111 .
MEAlsdRegy= 1+ M2 UIECHEE VE VR failed coastal structure
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Client:_Town of Marshfield Wave Height and Wave Period Calculation Worksheet Calc By:__ RGG
County:___ Plymouth, MA PL-64 Date: 9-30-13
Transect Number:_PL-64

5.6 Wave Runup Analysis (Using TAW Method) on a Failed

Input Data: Deep Water Wave
Revetment Parameters (H,, L, T,),
X barrier slope (m), and depth
Flow Chart of Process of Calculating Wave Runup: gi i3 do2 C)

Yes

Calculate: Local wave
parameters at barrier (H,, @,
Lo Tr10®)

aveEqn. Type
L/dg

Shallow<0.2 Deep/Trans =>0.2

Broken Wave?

Check if H,>0.78 d, ves

Calculate < , =m/
SQRT(H,,/L.

mo)

NO

TAW not valid, find
another method
Yes

A 4
Proceed to reduction
factors & calculate
runup

MathCAD V14 Saved 9/30/2013 2:06 PM Page 41
P:\2013\131.06126\Scituate, MA\Scituate\Coastal\1090002\Plymouth\Plymouth_Coastal_PMR\Offshore_Wave_Models\Mathcad\Simulations\Production_Runs\Wave_Model\Ransom PL64
HmoTp_Setup Runup REVETMENT.xmcdz




Client:_Town of Marshfield Wave Height and Wave Period Calculation Worksheet Calc By:__ RGG
County:___ Plymouth, MA PL-64 Date: 9-30-13
Transect Number:_PL-64

Checking Slope of Revetment to determine if it is between 1:0 and 1:8:

(FallTOpE|e - TOeRscour)

Slope, =44.12 %
(FailTopSta ~ Toesta) PEFAILRevet

SlopefFAlLRevet =

1

SlopefFAILRevetOneOnN = ——————— SlopeFAILRevetOneon = 2.27
SlopefajLRevet

FAILSlopecheck == | "TAW Method of Runup Calculation Applies" if 0 < Sloperevetoneon < 8
"TAW Method Does Not Apply, Switch to Runup-2.0" otherwise

FAILSlopecheck = TAW Method of Runup Calculation Applies"

Check if Wave is Depth Limited at the Toe of the Revetment / Barrier:

Repthimited,= | “Limited” it Hmo>0.78h
"Not Limited" otherwise

If wave is depth limited, H, will be used rather than

Depth jmited = - Limited"

Determine Wave Type:

mn " h
veType := | "Shallow" if —<2
Lo
mw T4 n h
Transitional" if 0.2 < < 0.5
0
"Deep" otherwise
WaveType = "Shallow"
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Client:_Town of Marshfield Wave Height and Wave Period Calculation Worksheet Calc By:__ RGG
County:___ Plymouth, MA PL-64 Date: 9-30-13
Transect Number:_PL-64

Determine Significant Wave Height Depending on WaveType and DepthLimited Condition:

HmOrunupFAIL1 = 0.88-Hmg if WaveType = "Shallow"

Hmo otherwise
HmorunupFaiLL = 10.121t

HmorunupFAIL = | 0.78:h if Depthyimited = "Limited" HmorunupFAIL = 7.87 1t

HmorunupFAIL1 otherwise

Calculate the Iribarren Number, Eml

SlopefajLRevet
m:= —— ﬁom = 362
HmorunupFAIL

Lmo

Check TAW Method for Validity based on Iribarren Number:

FAILIribarrencheck == | "TAW method is Valid" i 0.5<¢om<10

"TAW method is NOT vaild for this Irbarren value. Please seek alternative method." otherwise

FAlLIribarrencheck = - TAW method is Valid"
Calculate Runup Reduction Factors in Accordance with Table D.2.8-5 of Guidelines and Specifications for Flood Hazard
Mapping:
Select Roughness Reduction Factor, y,: Default - 1 layer of rock with diameter, d, where Hs/d =1 to 3
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Client:_Town of Marshfield Wave Height and Wave Period Calculation Worksheet Calc By:__ RGG
County:___Plymouth, MA PL-64 Date: 9-30-13
Transect Number:_ PL-64

© Smooth Concrete, Asphalt, and Smooth Block Revetme A= | it =093
@ 1 Layer of Rock with Diameter, D, where Hs/D =1 to 3 "Please Select Radio Button" otherwise
© 2 or More Layers of Rock where Hs/D=1.5t0 6
~ Quadratic Blocks - 058
Select Berm Section in Breakwater, Vi
Default = No
@ Berm Present b= |b i 4p>0.5 5=0.6 Berm

 No Berm Prese "Please Select Radio Button" otherwise

Select Wave Direction Factor, Yg:

o Default - Short crested with beta = 0
- 0° for normally incident wave

& Short-Crested Wave
© Long-Crested Wave

~a= [(1-0.0022.6) it |g <80A~g=1
(1—0.0022-|80|) it (Il >80)A~yg=1
1 it o<[pl<10A~g=2

co{(m - 10)(%]} i (10< 6] < 63 rp= 2]

0.63 if |B| > 63/\"{B= 2
"Please Select Radio Button" otherwise

Select Porosity Factor, yp:

aae= |1 Porosny 0. 5) A €om<3.3

it (Porosity= 0.5) A £om > 3.3 vp=0.95
Default Porosity = 0.5 1.17. &omo 46

0.5 otherwise
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Calc By:__ RGG

Wave Height and Wave Period Calculation Worksheet
Date: 9-30-13

Client:_Town of Marshfield
County:___ Plymouth, MA PL-64
Transect Number:_PL-64

Summary of Reduction Factors:

~p=0.95

=1
b= 0.6
~ = 0.58

Calculate Runup Reduction Factors in Accordance with Table D.2.8-5 of Guidelines and Specifications for Flood Hazard

Mapping:

REAIL206 = HmOrunup‘(1-77"Yr‘“{b‘“{6‘“{p‘§om) if 0.5<~p-tom<1.8

1.6
HmOrunup‘{'Yr‘“{b"‘{B"‘{p‘[4-3 — || if 1.8<ptom

€om

0 otherwise

"TAW Not Valid" if FAILSlopecheck = "TAW Method Does Not Apply, Switch to Runup-2.0"

REQ 2%n=
‘"TAW Not Valid" if FAlLIribarrencheck = "TAW method is NOT vaild for this Irbarren value. Please seek alternative method."

REAIL295 Otherwise

RFAIL29% = D411t

Check for Overtopping:

OVERTOPPEDFAILRynup = | "Overtopped... Please consider 3 foot rule” it (R,:A||_2%+ SWEL) > FailTopgje

"NO Overtopping" otherwise

OVERTOPPEDFAILRynyp = "NO Overtopping"
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Client:_Town of Marshfield
County:___ Plymouth, MA
Transect Number:_PL-64

Wave Height and Wave Period Calculation Worksheet Calc By:__ RGG
PL-64 Date: 9-30-13

6.0 Conclusions/Results
Wave Height, H_, Hmo= 11.51

Wave Period, Tp Tp=11.2s

Wave Setup on an open coast, n e

Wave Setup on arevetment, ng, . c..e

Wave Runup on arevetment, R,,,

Failed Structure Profile:

Fetchstatus = "STWAVE Input (Hmo, Tp)"

Fetchstatus = "STWAVE Input (Hmo, Tp)"

T]open = 193ft

nStructure = 2. 7 11t

Roop = 7.511

60~

FailRevetgle 40

Elevation

Wave Setup on a Failed Structure, 1

200 400
FailRevetstg , Station

NFailedStructure = 3. 11t

Wave Runup on a Failed Structure, Ry ,y; 50, REAIL206 = D.411t
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Client:_Town of Marshfield Wave Height and Wave Period Calculation Worksheet Calc By:__ RGG
County:___ Plymouth, MA PL-64 Date: 9-30-13
Transect Number:_PL-64

OVERTOPPEDFAILRunup = "NO Overtopping"

Top of Failed Revetment Station and Elevation:  Faitopgi, = 93.561t FailTopgle = 24.091t
. . 1 . : 1
Failgtg = FalIRevetSta-l-E Failg|e := Fa|IRevetE|e-1~E
NOTES:
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STATION OF GUTTER ELEVATION ZONE DESIGNATION
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Transect PL-064 WHAFIS Analysis on Intact Profile

Marshfield, Massachusetts September 30, 2013
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STATION OF GUTTER ELEVATION ZONE DESIGNATION
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Transect PL-064 WHAFIS Analysis on Failed Profile
Marshfield, Massachusetts September 30, 2013
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Wave Setup for Scituate, MA, Transect PL-66 Intact

LO 677.8 ft INCIDENT WAVE LENGTH Marshfield
HO 13.3 ft INCIDENT WAVE HEIGHT FROM STWAVE Model SWEL 10.46 NAVD88 FEET
Ho/Lo 0.0196 o
Hb 14.9420797 ft 3.3(HML”) ) CALCULATE Hb USING MUNK 1949 FEMA extracted profile Interpolation
X y deltay delta x
105.07 10.3 -8.936 -14 interpolate to get X position of SWEL
119.07 19.236
Instructions: | Insert Values into Highlighted Cells | 0 0 105.3207 xcoord of sought for y value of SWEL
-430.93 -8.70659
-428.93 -8.67412 deltay delta x
-0.032 -2 interpolate to get X position of Db
Db 19.1565124 ft FIND DEPTH OF WAVE BREAKING USING 0.78Db=Hb
-430.309 xcoord of sought for y value of elevation at Db
1% SWEL 10.46 NAVD88 TOP OF SLOPE
19.15651 of water supports the breaking wave height
therefore, -8.69651 NAVDS88 BOTTOM OF SLOPE 535.6297 calculated run
30
RISE 19.15651 ft
RUN 535.6297 ft taken off Profiles
20
SLOPE 0.035764
1:0N 27.96071 1
L 4
0
-8000 -6000 -4000 -2000 b 4000
Wave Setup
H'o= 133 feet Deepwater Significant Wave Height
T= 11.5 sec  Peak Wave Period [0
m= 0.0358 ft/ft  Average Slope of Transect
lo= 677.8 feet  Deepwater Wavelength Lo = (g*TA2)/2n 20
H'o/Lo = 0.0196 ft/ft  Deepwater Wave Steepness
Irabarren e ——" 30
Number 0.2553 ft/ft I.N. = m/sqrt(Ho/LO)
Sigma(2) 1.0187 ft Sigma(2) = 0.3*I.N.*Ho 40
Setup 2.3994184 nopen = Hmo*0.16*(m/(H'o/Lo))*0.2
n 2.3994184 ft Total Static Setup n =4.0%G(H)*G(T)*G(Gamma)*G(Slope)
RGG Page 1 of 1 9/30/2013



Client:_Town of Marshfield Wave Height and Wave Period Calculation Worksheet Calc By:__ RGG
County:___ Plymouth, MA Date: 9-23-13
Transect Number:_PL-66

Wave Height, Wave Period, Wave Setup, and Failed Revetment / Coastal
Barrier / Steep Bluff Worksheet VERSION

12
1.0 Purpose/Objective

This worksheet was created to determine the unrestricted H,,,and T, where H,, is the energy-based significant wave height in meters and
Tp is the limiting wave period, or use user input H ,, and T}, values from ACES or STWAVE models. This worksheet also calculates the

open coast wave setup, which is the increase in stillwater elevation against a barrier caused by the attenuation of waves in shallow

I]Open’
water. Wave setup is based upon wave breaking characteristics and profile slope. Wave setup can be a significant contributor to the total
water level at the shoreline and must be included in the determination of coastal base flood elevations. This worksheet also evaluates the

wave setup against a coastal structure, 1., ure- FOT profiles with sloping revetments, this worksheet will also perform a failed structure

analysis and generate a new profile of the failed structure and calculate the wave setup on the failed revetment.

2.0 Procedure

For unrestricted fetch length analysis where no STWAVE or ACES model run was produced, an extremal analysis was performed to
determine three thresholds for peak wind speeds. The threshold with the highest correlation to either the Fisher-Tippett Type 1 (Gumbel),
Fisher-Tippett Type II (Frecher), or Wiebull distribution is input parameter U, , or the wind speed at 10m elevation (m/sec). Fetch, X, was

also determined for each location. An excel spreadsheet for each transect was generated to calculate the 1% annual chance stillwater
elevation. These variables are input into this worksheet from external worksheets and used for calculation within this worksheet.

Calculation worksheet details:

1. Go to View> Header and Footer... and fill out ALL relevant information to worksheet

2. Enter similar information on Page 2

B. Use radio buttons to select if analysis is based on "Unrestricted Fetch Wind Speed Input", "Restricted Fetch Input From ACES (H,_,,, Tp)", or

"STWAVE Input (H,,,, Tp)"

Section 5.1 - Wave Height and Wave Period
4. Fill in value of U, , and list peak threshold, regression, and correlation coefficient and associated files

b. If fetch length is unrestricted, continue to section 5.1.1, otherwise, skip section 5.1.1
Section 5.1.1 - Unrestricted Wave Height and Wave Period Calculation
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Client:_Town of Marshfield Wave Height and Wave Period Calculation Worksheet Calc By:__ RGG
County:___ Plymouth, MA Date: 9-23-13

Transect Number:_PL-66

6. Fill in value of Fetch, X, and list associated calculation files.

7. Skip Section 5.1.2 and Section 5.1.3 if fetch length is unrestricted

Section 5.1.2 - Restricted Wave Height and Wave Period Calculation

8. If ACES model run was complete enter ACES program inputs including the fetch angles and fetch lengths used in the restricted analysis in
ACES

0. List the .mxd file and associated information involved in the calculation of fetch lengths

10. Fill in results of H;,; and T, from the ACES analysis and any ACES output files which were saved

11. Skip section 5.1.3

Section 5.1.3 - STWAVE Wave Height and Wave Period

12. If STWAVE model run was complete enter the associated wave height and wave period

13. List the associated STWAVE model file

Section 5.2 - Wave Setup

Section 5.2.1 - Open Coast Wave Setup Calculation

14. Enter value for average transect slope and associated .mxd file from which average slope was calculated

Section 5.2.2 - Wave Setup on a Revetment Calculation

15. Enter Profile variable excel file path information. Excel file should be formatted with the first row of the file having column headings. The
first column within the file should have station data in ascending order. The second column within the file should have the associated station
elevation in order of ascending station. All data should be in feet. This file needs to be an .Xls file as Mathcad is not currently compatible with
.xIsx files.

16. Enter horizontal distance from shoreline along transect which identifies the start of the coastal structure, Toe,,,, in feet

sta’
17. Enter horizontal distance from shoreline along transect which identifies the top of the coastal structure, Top,,,, in feet

18. Enter value for SWEL, 1% annual chance stillwater elevation in feet and name and path of associated excel file from which SWEL was
calculated

Section 5.3 - Wave Runup - TAW Method

19. Check Slopecy, . and Iribarreng, .., variables to determine if TAW method holds for these situations

0. Use radio buttons to select runup reduction factors

1. Enter incident angle, {3, if known, otherwise, assume 0

Section 5.4 - Failed Revetment Analysis

22. Enter approximate depth of armor layer in feet based on photographs and site inspections (ft)

23. Check value of Toe, .o Mid;  aiions Quarter, o, and Top,, .o, Which should be the location in the Station array which holds the value

Mid

of Toe Quarter,, and Top,,,. If the horizontal distance from the shoreline along the transect to these locations were not measured

sta’ sta’
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Client:_Town of Marshfield Wave Height and Wave Period Calculation Worksheet Calc By:__ RGG
County:___ Plymouth, MA Date: 9-23-13

Transect Number:_PL-66

points in the Station array, then Toe; oy Mid)ation, Quarter; .o and/or Top, .ion Should be arrays of two values representing the
Mid
convergence tolerance (TOL) from the Tools > Worksheet Options option in the menu bar, until two values are listed for the Toe, o/

indices which the value of Toe Quarter,,, and.or Top,,, are between. If none or more than two values are listed, adjust the

sta’ sta’

Mid,.iions Quarter; .o and/or Top, .ion Variables.

Section 5.5 - Wave Setup on Failed Revetment

Section 5.6 - Wave Runup on Failed Revetment

4. Check SlopeCheck and IribarrenCheck variables to determine if TAW method holds for these situations
5. Use radio buttons to select runup reduction factors

26. Enter incident angle, {3, if known, otherwise, assume 0

Section 6.0 - Conclusions

3.0 References/Data Sources

Equation taken from Coastal Engineering Manual Part II (Publication date: August 1, 2008)
Atlantic Ocean and Gulf of Mexico Coastal Guidelines Update, FEMA, February, 2007
Guidelines and Specifications for Flood Hazard Mapping Partners [February 2007]

Coastal Engineering Manual Part VI

4.0 Assumptions

Unrestricted Wave Height and Wave Period Mathcad Calculation:
1. One of the following situations hold:
e Wind blows, with essentially constant direction, over a fetch for sufficient time to achieve steady-state, fetch-limited values

RARE condition

e Fully developed wave height, however, open-ocean waves rarely attain a limiting wave height for wind speeds above 50 knots of so.
2. Wave growth with fetch.

B. Wind speeds collected were taken at 10 m, to be a U;,measurement of wind speeds

Open Coast Wave Setup and Wave Setup on Existing and Failed Structures Analysis

1. Wave height, H_, is the deepwater wave height and is not in water of transitional depth

e Wind increases very quickly through time in an area removed from any close boundaries. Wave growth is considered duration-limited.
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Client:_Town of Marshfield Wave Height and Wave Period Calculation Worksheet Calc By:__ RGG
County:___ Plymouth, MA Date: 9-23-13
Transect Number:_PL-66

2. The wave setup calculated is a "static" wave setup, during which the storm tide and incident wave conditions remain unchanged

B. The open coast wave setup calculation does not consider wave nonlinearity, wave breaking characteristics, profile slope, or wave
propagation through vegetation

4. Dynamic wave setup component is not considered, as it is small by comparison with the static component for the locations considered.

6. Wave period, Tp, remains constant and independent of depth for oscillatory waves

Wave Runup Analysis on Failed and Existing Structures - Technical Advisory Committee for Water Retaining Structures (TAW) Method

1. The TAW method is assumed to hold for all barriers, revetments, or dunes which have a slope of 1:8 or steeper

2. The shallow water significant wave height is assumed to be 88% of the deep water significant wave height

B. The breaking wave height is assumed to be 78% of the water depth at the toe of the barrier, revetment, or dune

4. The TAW method is assumed to hold for Iribarren numbers in the range of 0.5 to 10

5. The incident wave angle is assumed to be 0 in most cases

6. Assuming berm width is unknown, minimum and maximum berm section breakwater reduction factors were assumed for conditions
when a berm does and does not exist respectively

7. The runup values calculated are the 2% exceendence probability values

Failure of a Sloping Revetment

1. Landslide of revetment has constant slope

2. The scour depth does not include any parameters relating to sediment properties, which are expected to have some influence on the
scouring process.

B. The scour at the base of the structure is equal to the depth of the armored layer

4. The structure will collapse in place into a triangular section throughout the structure footprint, with side slopes equal to the original
structure slope

5. The landward side of the failed configuration will be half exposed and half buried

0. The soil slope landward from the failed structure fails to a uniform 1:1.5 slope, which extends to existing grade

7. Slope recedes back from the toe of the revetment at a 1:3 slope

Wave Height, Wave Period, Wave Setup, Failed Vertical Structure Calculation Worksheet

Modeler Name: Robert G. Gerber
Date: Sept. 18, 2013

County: Plymouth, MA

Transect Number: PL-66

Airport:

Years of Data set: ST WAVE MODEL
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Client:_Town of Marshfield Wave Height and Wave Period Calculation Worksheet Calc By:__ RGG
County:___ Plymouth, MA Date: 9-23-13
Transect Number:_PL-66

|Associated Files: \ \ chifednas2\ fema\ R01\ Mass\ Plymouth\ ENGINEERING

5.0 Calculations

List of Variables:
Constants:

g - Gravitational acceleration (m/sec?)

Inputs:
X - straight line fetch distances over which the wind blows (miles)
U,, - Wind speed at 10 m elevation (ft/sec)

H, ostwave - Deep water signficant wave height input by user from STWAVE model
Tpsrwave - Wave period input by user from STWAVE model

m - Average slope of transect (dimensionless)
Profile - Excel file with station (ft) and elevations (ft) of transect profile
Toe,,, - Horizontal location of toe of structure relative to shoreline (ft)

Top,,, - Horizontal location of top of structure relative to shoreline (ft)

SWEL - 1% Annual Chance Stillwater Elevation (ft)
Armorp, - Depth of armor layer on a sloping revetment (ft)

ACESInput,,, - Angle of fetches input into ACES analysis (deg)
ACESInputg,, - Fetch length of fetches input into ACES analysis (ft)
H, ,oaces - Deepwater significant wave height from ACES analysis (ft)
Tpacps - Limiting wave period from ACES analysis (sec)

Working Variables:
Cp - Coefficient of drag for winds measured at 10 meters (dimensionless)

u, - Wind friction velocity (m/sec)

L, - Deep water wave length (ft)

S - Wave slope (dimensionless)

Toey, Mid,, Quarter,, Top,, - Elevation of toe, midpoint, upper quarter, and top of revetment from interpolation (ft)

Station - Array of station (ft) of existing (non-failed) profile
Elevation - Array of elevations (ft) of existing (non-failed) profile

ele,
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Client:_Town of Marshfield Wave Height and Wave Period Calculation Worksheet Calc By:__ RGG

County:___ Plymouth, MA Date:

9-23-13

Transect Number:_PL-66

h - Water depth from the top of the water surface against a structure to the toe of the structure (ft)
b;, - Dimensionless breaking wave height
H, - Breaking wave height (ft)
b4 - Dimensionless breaking wave depth (dimensionless)
H, - Breaking wave depth (ft)
R - Wave setup relative to maximum wave setup (dimensionless)
Nopen - Open coast wave setup (ft)
1, - Wave setup component on a coastal structure from the water depth at the toe of a coastal structure (ft)
1, - Wave setup component determined for a sloping coastal structure (ft)
h, - Water depth over coastal structure when overtopping occurs (ft)
Nstructure - 10tal wave setup on a structure or steep slope (ft)
H;,; - Wave height used for analysis of failed structure equal to H_ ,, or the energy-based significant wave height, H_,, but
limited to a maximum equal to the breaking wave height, H, (ft)
S,, - Maximum scour depth (ft)
ToeV,,, - Elevation of toe of vertical coastal structure after scour occurs (ft)
Toe;cation Midocation Quarter;  .ion TOPocation- INdex of location of bottom of vertical coastal structure or revetment, midpoint
of revetment, quarter distance, and top of revetment within the Station array (dimensionless)
Offset, Offset, ., Offset .. Offset , Offset OffsetfailTop - Dummy variable equal to 0 if the horizontal location of the bottom of the

mid’ qua’ top,
vertical structure, revetment toe, revetment midpoint, revetment quarter distance, revetment top is listed in the Station
array, equal to 1 if the horizontal location of the bottom of the vertical structure is not listed in the station array
(dimensionless)

Toe 10 Mid, 10 Quarterg, ;. Topgio. - Index of location of toe of vertical coastal structure or revetment, midpoint of

toe’

revetment, quarter length of revetment, and top of revetment within the station array (dimensionless)
Stay,qy0c - Index to the last element in the Station array (dimensionless)

failed - Index to the last element in the Station array (dimensionless)

i,x,y,z,a,w - Counter variables (dimensionless)

Slope - Slope of a revetment (dimensionless)

Length - Length of a revetment (ft)

Midpoint, Quarter - Midpoint and Quarter of the distance along length of revetment (ft)
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Client:_Town of Marshfield Wave Height and Wave Period Calculation Worksheet Calc By:__ RGG
County:___ Plymouth, MA Date: 9-23-13

Transect Number:_PL-66

Midsta’

ToeR,,,, - Elevation of toe of sloping revetment structure after scour occurs (ft)

end - last index of the station and elevation of the partial failure of a sloping revetment arrays

Quarter, - Distance from shoreline to midpoint and quarter distance of sloping revetment (ft)

FailRevety,, - Array of elevations of partial failure of a sloping revetment (ft)
FailRevetg,, - Array of station data of partial failure of a sloping revetment (ft)
Slopeg et - Slope or revetment expressed as a decimal or percentage (dimensionless)
Slopegvetoneon - Slope of revetment expressed as the horizontal distance associated with an increase in one vertical foot (string)
Slopecy, e - Indicator variable associated with determining if the TAW method is applicable based on barrier slope (string)
Slopecyeck - Indicator variable associated with determining if the TAW method is applicable based on barrier slope of failed revetment (string)
Depth;.
WaveType - Indicator variable associated with determining if water is considered to be shallow, deep, or transitional at the toe of the barrier

B - Incident wave angle (degrees)
T .10 - Spectral wave period (sec)

HmORunup,
Y, - Roughness reduction factor (dimensionless)

imited - INdicator variable associated with determining if the wave is depth limited at the toe of the revetment or structure (string)

H. orunup1 - Significant wave height adjusted if necessary for runup calculations (ft)

Yy, - Berm section in breakwater (dimensionless)

Yp - Porosity factor (dimensionless)

Yp - Wave direction factor (dimensionless)

Slopeparr revet - SlOpe or revetment expressed as a decimal or percentage (dimensionless)

Slopepa 1 Revetoneon - Slope of revetment expressed as the horizontal distance associated with an increase in one vertical foot (string)
Iribarrenc,. - Indicator variable to determine if the TAW method is applicable based on the Iribarren number (string)

FAILIribarrenq, . - Indicator variable to determine if the TAW method is applicable based on the Iribarren number for the failed revetment

(string)
FailTopg,, - Station of top of revetment after failure (ft)

FailTopg,, - Elevation of top of revetment after failure (ft)

Output:
H, o - Energy-based significant wave height (ft)
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Client:_Town of Marshfield Wave Height and Wave Period Calculation Worksheet Calc By:__ RGG
County:____ Plymouth, MA Date: 9-23-13

Transect Number:_PL-66

Tp - Limiting wave period (sec)
FetchLength - Reports if fetch length is "Restricted" or "Unrestricted" based on user input

FetchStatus - Indicator of restricted or unrestricted fetch length based on user input (string)
n - Wave setup (ft)

FailEle - Array of elevation of existing profile if no coastal structure exists, or elevations of a failed vertical structure or
sloping revetment (ft)
FailSta - Array of stations of existing profile if no coastal structure exists, or stations of a failed vertical structure or sloping
revetment (ft)
Out; - Output file of failed elevation profile data if a coastal structure exists

Out, - Output file of failed station profile data if a coastal structure exists

Overtopped - Indicator of overtopping of a coastal structure with wave setup
R, - Two percent exceedence wave runup on revetment / barrier / or dune (ft)

Rgaqr09 - TWo percent exceedence wave runup on failed revetment / barrier / or dune (ft)

OVERTOPPEDRunup - Indicator variable to determine if revetment was overtopped by wave runup (string)
OVERTOPPEDFAIL - Indicator variable to determine if the failed revetment was overtopped by wave runup (string)

Runup

5.1 Wave Height, H,,;,, and Wave Period, TP Calculation

Definition of Variables:

-9.81. 1M
g 2

S

Insert U;, wind speed in meters per second:
These fields must be populated, but will only be used for calculations if
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Calc By:__ RGG

Wave Height and Wave Period Calculation Worksheet
Date: 9-23-13

Client:_Town of Marshfield
County:___ Plymouth, MA
Transect Number:_PL-66

unrestricted radio button is selected above

o= 117.32.1
S

5.1.1 Calculation of Unrestricted Wave Height, H ,, and Wave Period, T,

Insert X, fetch in miles:
X 12.84m X 20663.98.m Feature Classused:

Calculate Coefficient of Drag, CQ:

o= 0.001.[1.1 . (0.035.u10.%ﬂ Cp- 0.0024

Calculate Wind Friction Velocity, ug (m/sec):

initialize ug: hee 1.1
S
Given . 2
Cp= S M= Find(us) Ug = 1.73m
S
U1o
Calculate Wave Height, Hm_() (m):
initialize Hmo == 0.01-m
H,.o
X - 20663.98.m U = 1.73% o= 9.81%%
Given

Page 9
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Client:_Town of Marshfield Wave Height and Wave Period Calculation Worksheet Calc By:__ RGG
County:___ Plymouth, MA Date: 9-23-13
Transect Number:_PL-66

9-Hmo g-X 0.5
. 0.0413.(—2] Hai Find(Hmo) Hmo = 3.29.m Hmo = 10,791
Us

Us

Calculate Wave Period, TE (sec):

initialize Tp: Tp:=0.01s
X - 20663.98.m U = 1.73.% o= 9.812.%
Given 1
gu:P ) 0'751'(1_);] TIp,= Find(Tp) Tp=5.4s

5.1.2 Calculation of Restricted Wave Height, H

TP The calculation of restricted wave height, Hm0, and Wave Period, Tp, require the use of ACES software.

mo- and Wave Period,

Input angle of fetch and fetch length as
input to ACES with 0° facmg North.
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Client:_Town of Marshfield Wave Height and Wave Period Calculation Worksheet Calc By:__ RGG
County:____ Plymouth, MA Date: 9-23-13
Transect Number:_PL-66

Aces
Output: These fields must be populated, but will only be used for calculations if

_ _ restricted radio button is selected above

5.1.3 Input Significant Wave Height (H_,,) and Wave Period (T}p) taken from STWAVE

_ _ These fields must be populated, but will only be used for calculations if
STWAVE Input radio button is selected above

Hmao= |HmosTwAVE if Fetchstaus= "STWAVE Input (Hmo, Tp)"

Hmoaces if Fetchstatus= "Restricted Fetch Input from ACES (Hmo, Tp)"

Hmo otherwise

RESULT:

Han= 13.3:1 Tp~115sec  Ferchstaws - "STWAVE Input (Hmo, Tp)" Based on STWAVE model Results

5.2 Wave Setup, 1), Calculation

5.2.1 Open Coast Wave Setup Analysis

Definition of Variables:

M= 0.03576 Insert value of average transect slope based on GIS data

Calculate Deep Water Wave Length, Ly:
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Wave Height and Wave Period Calculation Worksheet Calc By:_ RGG

Client:_Town of Marshfield

Date: 9-23-13

County:____ Plymouth, MA
Transect Number:_PL-66

2
il Lo=677.211 Equation source: Coastal Engineering Manual Part VI Page

2w VI-5-236
Calculate Wave Slope, S:

Lo:=

@ $-0.0196 s-1.96.%
0

S:
AW

Calculate Static Open Coast Wave Setup:

m
topen = Hmo 0-1607575 nopen = 2.4 Update Feb 2007 - Equation D.2.6-1

5.2.2 Wave Setup On Structures Analysis for Structures/Steep Slopes (1:8 or Steeper) which Intersect the SWEL

Figure from: Atlantic Ocean and Gulf of
Mexico Coastal Guidelines Update Feb
2007

Figure D.2.6-6. Definition Sketch for Nonovertopped Levee

Definition of Variables:
Enter path and file name of .xIs file containing station and elevation data for transect within the "" below:

0.2 Equation Source: Atlantic Ocean and Gulf of Mexico Coastal Guidelines
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Client:_Town of Marshfield

County:___ Plymouth, MA
Transect Number:_PL-66

Wave Height and Wave Period Calculation Worksheet Calc By:_ RGG

Date:

9-23-13

The following displays Profile data from excel worksheet identified above and lists Station and Elevation as two
separate arrays and define elevation and station in feet:

0 1
0 | -6436.06 -31.57
1| -6386.06 -31.62
2 | -6336.06 -31.66

Profile=| 3 | _6286.06 -31.69
4 | -6236.06 -31.72
5 | -6186.06 -31.75
6 | -6136.06 -31.77
7 | -6086.06

The following displays the profile of the

( (P
Station := Profile 0 Elevation := Profile 1
Station := Station- 1.t Elevation := Elevation- 1.t
Array of horizontal Array of Elevations associated with each

distance from the shoreline horizontal distance from the shoreline:

5 0
0 -6436.06 0 -31.57
Station = 1 -6386.06 | ft Elevation=| 1 -31.62 ft
2 -6336.06 2 -31.66
3
3
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Client:_Town of Marshfield

County:___ Plymouth, MA
Transect Number:_PL-66

Wave Height and Wave Period Calculation Worksheet Calc By:__ RGG

Date:

9-23-13

! 108.09.07 ! !
| |
40 o —
| |
| |
| |
o
| |
Elevation ro
+——+ 20 |
0 200 400
Station
Total Setup
h=h,+h,
Check overtopping if occurs
) &
Recalculate h, Yeo r::T:e—:‘t\AéIIE;i
Calculate setup height over
the structure No
h,=h +SWEL-Crest Elev
h,=0.15(h,+h,[(1-( h,/ h))?]
\
Total Setup
h;=h,+h,
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Client:_Town of Marshfield Wave Height and Wave Period Calculation Worksheet Calc By:__ RGG
County:___ Plymouth, MA Date: 9-23-13
Transect Number:_PL-66

Identify station and elevation of the toe of the structure:

Toegle := linterp(Station, Elevation, Toesta) Toegle = 10.31t
Identify station and elevation of the top of the structure:

Topele := linterp(Station, Elevation, Topsta) Topele = 19.24 1t
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Client:_Town of Marshfield Wave Height and Wave Period Calculation Worksheet Calc By:__ RGG
County:___ Plymouth, MA Date: 9-23-13
Transect Number:_PL-66

Calculate Water Depth at Structure, h

h:= SWEL — Toegle h=0.161t

Calculate the Breaking Wave Height, I—Ib;
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Client:_Town of Marshfield Wave Height and Wave Period Calculation Worksheet Calc By:__ RGG
County:___ Plymouth, MA Date: 9-23-13
Transect Number:_PL-66

0.10

0.08
Figure from: Atlantic Ocean and Gulf of

Mexico Coastal Guidelines Update Feb
2007

0.06

0.04

0.02

Dimensionless Breaking Wave Height, H,/L

000 : :
0.00 0.02 0.04 008 0.08 010

Deep Water Wave Steepness, H_/L |

Figure D.2.6-7. Dimensionless Breaking Wave Height vs. Deepwater Wave Steepness

bp:= 0.8481s + 0.0057 bp=0.02 Estimated curve equation in Figure
D.2.6-7

Hp := bh-Lo Hp = 15.14+

Calculate the Breaking Wave Depth, H;:
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Client:_Town of Marshfield Wave Height and Wave Period Calculation Worksheet Calc By:__ RGG
County:___ Plymouth, MA Date: 9-23-13

Transect Number:_PL-66

0.20 ; I ;
ec
< i i i i
£ 045 [ B B . .
8 : : : - Figure from: Atlantic Ocean and Gulf of
k> Mexico Coastal Guidelines Update Feb
3 2007
£ 010
&
T
=]
& 0.05 -
£
(]
0.00 : i | | | :
0.00 0.02 0.04 0.06 0.02 010
Deep Water Wave Steepness, H, /L |
Figure D.2.6-8. Dimensionless Breaking Water Depth vs. Deepwater Wave Steepness.
bq:=1.2205-s + 0.0033 bg=0.03  Estimated curve equation from Figure
D.2.6-8
Hq := bg-Lo Hg = 18.47
Calculate Wave Setup on a Structure : . .
b +Lstructures Figure from: Atlantic Ocean and
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Client:_Town of Marshfield

Wave Height and Wave Period Calculation Worksheet

Calc By:__ RGG

-9.8703.

County:___ Plymouth, MA Date: 9-23-13
Transect Number:_PL-66
e Gulf of Mexico Coastal
Guidelines Update Feb 2007

% 08

g

£

.g 06

% 0.4

H

¢ 02

S

0.0 : : :
0.0 02 0.4 0.6 0.8 1.0
Depth Relative to Breaking Depth
Figure D.2.6-9. Proportion of Maximum Wave Setup that Has Occurred vs. a Proportion of
the Breaking Depth.
R o.s{lj N 1} i (lj <0.092
mw | Hg Hg
Equation based on estimated curve from 0.39194(Lj + 0.9585} it 0.092<2<0.4
. Hd Hd
Figure D.2.6-9 -

0.3475{% N 0.9379} it 0.4< 209
| Hd Hd
| h 2 h h
33.312{—] + 59.811-(—) -26.223| if 0.9< (—j <0.94444
| Hg Hd Hg

. 9.8703} it 0.94444 - (Hlj <1
d

0 otherwise
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Client:_Town of Marshfield Wave Height and Wave Period Calculation Worksheet Calc By:__ RGG

County:___ Plymouth, MA Date: 9-23-13
Transect Number:_PL-66

h

rR=0.99 =0.01
d
M1 := Rmopen n1 = 2.381t n2 = 0.15<(h+n1) n2 = 0.381t
MStructure = M1 + M2 nStructure = 2. /61t
Total Setup against a coastal structure without considering
Check Overtopping if Coastal Structure Exists: overtopping
Overtopped := ["Y€S" if (nstructure + SWEL) > Topele Overtopped = "NO"
"NO" otherwise
h2 = (T]Structure + SWEL - Tope|e) if OVertOpped = "YeS"

0 otherwise

Equation D.2.6-12 for 1), from Atlantic Ocean and Gulf of Mexico
Coastal Guidelines Update

2
h
2= [0.15:(h+ ’f]l)'|:l - [sz } if Overtopped = "Yes"
n2 otherwise

) 2764 Total Setup with
NSHWeIE,= N1 + N2 NStructure = £- a coastal

structure

5.3 Wave Runup Analysis (Using TAW Method)

Flow Chart of Process of Calculating Wave Runup:
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Client:_Town of Marshfield
County:___ Plymouth, MA
Transect Number:_PL-66

Wave Height and Wave Period Calculation Worksheet

Calc By:__ RGG
Date: 9-23-13

Checking Slope of Revetment to determine if it is between 1:1 and 1:8:

Slope B (TOPeIe - Toeele)
PeRevet = (TOPsta - Toesta)

1

SloperevetOneOn == ——— SlopeRrevetoneon = 1.57

SlopeRrevet

Sloperevet = 63.83-%

Input Data: Deep Water Wave

barrier slope (m), and J’epth

Parameters (H,, L, T,),

at the toe (d,)

1:1<m<1:8

TAW not valid, find
another method

Yes

parameters at barrier (H, @,

Calculate: Local wave

LO' Tm-lO(Z))

—Shallow<0.2

H,,o=0.88H,

Calculate T, ;4= Tp/
1.1 (D.2.8-16)

Calculate L,
(D.2.8-3)

‘aveEqn. Type
L,/d

o'fs

Deep/Trans =>0.2

NO

Broken Wave?
heck if H,>0.78 d,

Calculate x , =m/
SQRT(H,,/L,

mo)

Yes

Proceed to reduction
factors & calculate
runup

MathCAD V14
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Client:_Town of Marshfield Wave Height and Wave Period Calculation Worksheet Calc By:__ RGG
County:___ Plymouth, MA Date: 9-23-13
Transect Number:_PL-66

Slopecheck = | "TAW Method of Runup Calculation Applies" it 0 < Sloperevetoneon < 8
"TAW Method Does Not Apply, Switch to Runup-2.0" otherwise

Slopecheck = ' TAW Method of Runup Calculation Applies"

Check if Wave is Depth Limited at the Toe of the Revetment / Barrier:

Depth| imited := | "Limited" if Hmg>0.78:h

"Not Limited" otherwise

If wave is depth limited, H, will be used rather than H,

Depth| imited = "Limited"

Determine Wave Type:

m " . h
WwaveType := | "Shallow" if o< 2
0

"Transitional" it 0.2 < Ll <05
0

"Deep" otherwise

WaveType = "Shallow"

Determine Significant Wave Height Depending on Wave Type and DepthLimited Condition:

Hmorunup1:= | 0.88-Hmo if WaveType = "Shallow" Hmorunup1 = 11.7ft
Hmo otherwise
Hmorunup:= | 0.78:h if Depthiimiteq = "Limited" Hmorunup = 0.121t
Hmorunup1 Otherwise
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Client:_Town of Marshfield Wave Height and Wave Period Calculation Worksheet

County:___ Plymouth, MA
Transect Number:_PL-66

Calc By:__ RGG

Date:

9-23-13

Calculate the Spectral Wave Period, T,n_10

Tm10:= % Equation D.2.8-16 Tmio=10.45s

Calculate the Wave Length Associated with the Spectral Wave Period, Lm_oi

2
T
Lmo = gzﬂ Equation D.2.8-3 Lmo = 559.68 1t

-TC

Calculate the Iribarren Number, E@;

Sl
gom = —OpeReVEt gom = 42.74

Hmorunup
Lmo

Check TAW Method for Validity based on Iribarren Number:

"TAW method is Valid" i 0.5<¢gm< 10

Iribarrencheck :=

Iribarrencheck = - TAW method is NOT vaild for this Irbarren value. Please seek alternative method."

"TAW method is NOT vaild for this Irbarren value. Please seek alternative method."

Calculate Runup Reduction Factors in Accordance with Table D.2.8-5 of Guidelines and Specifications for Flood Hazard Mapping:
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Client:_Town of Marshfield

County:___ Plymouth, MA
Transect Number:_PL-66

Wave Height and Wave Period Calculation Worksheet

Calc By:__ RGG

Date:

9-23-13

Runup
Reduction Factor

Table D.2.8-5. Summary of /' Runup Reduction Factors

Characteristic/Condition

Value of / for Runup

Smooth Concrete, Yo 1.0
Asphalt, and Smooth ’
Roughness Block Revetment
Reduction Factor, | 1 Layer of Rock With ¥r _as
y. Diameter. D. =0.55100.60 (D28-10)
HID _ 43
¥ . . -
,;gor:hﬁore Layers of Rock. | », _ 0.5 t0 0.55
P 15106
Quadratic Blocks ¥ = 0.70 to 0.95. See Table V-
5-3 in CEM for greater detail
Berm Section in B ( md, 1]
Breakwater. Berm Present in Structure | #» =1— a7 ]—cos!‘ ‘c. || 06<yz<10
¥s B=Berm Cross section. See Figure B ”; o
- B = 5. tions o dy
Width. gj:_. 8 for Definitions of Rif = % =
PR . Lpem and Other o H, H,.
Gy Parameters =9 d.
“ * Jin radians ‘ 2H,, if 0= ——-=2
- ma (D.28-11)

Minimum and maximum values of

Yo = 0.6 and 1.0, respectively

Wave Direction
Factor. Ve .

B 1s 1n degrees
and = 0° for
normally incident
Waves

1.0.0<|8]<10°
Long-Crested Waves = J_cos(l,{?l —10%).10° < |-'6| <63
v. |0.63.]8]>63 (D2812)
1-0.0022|8|.| 8| = 80°
Short-Crested Waves . R
1-0.0022|80].|,5| = 80 (D2.8-13)

Porosity Factor,

2.0

Ve Yp =10, Seme33: P = L1750 o
Permeable Structure Core =10 3.3 8= o = 7
3.3 and porosity = 0.5_ for smaller porosities,
proportion Ve according to porosity .
See Figure D.2_8-7 for definition of porosity
(D.2.8-14)
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Client:_Town of Marshfield Wave Height and Wave Period Calculation Worksheet Calc By:__ RGG
County:___ Plymouth, MA Date: 9-23-13
Transect Number:_PL-66

Select Roughness Reduction Factor, v..

Default Value - 1 layer of rock with diameter Hs/D =1 to 3

= o df ~r>0.53
"Please Select Radio Button" otherwise

=0.58
Select Berm Section in Breakwater, Vi

_ Default Value - No Berm
A= | if Ap > 0.5
"Please Select Radio Button" i

otherwise
=1

Select Wave Direction Factor, YVg:

0° for normally incident wave Default Value - Short Crested Wave with

normally incident wave
(1-0.0022]80]) if (|8 >80) r~p=1
1 it o<|pl<10A~g=2

cos|:(|6| 40)(&]} i (10< o] < 63 ~g=2)

0.63 if [B]>63A~g=2
"Please Select Radio Button" otherwise

=1
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Client:_Town of Marshfield
County:____ Plymouth, MA
Transect Number:_PL-66

Wave Height and Wave Period Calculation Worksheet

Calc By:__ RGG
Date: 9-23-13

B
g ..:,-gn,.“”"""

A iED
A

Do = 025055

o —as DAY

Select Porosity Factor, yp:

vp= |1 it (Porosity= 0.5) n €om < 3.3
2

—— = || i (Porosity= 0.5) r tom > 3.3
Default Porosity = 0.5 1.17-¢9m 040

0.5 otherwise

Summary of Reduction Factors:

’Yp = 0.3

=1
w=1
~ = 0.58

Figure VI-5-11. Notational permeability coefficients (van der Meer 1988)

Default Value -
P=05

’Yp = 0.3
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Client:_Town of Marshfield Wave Height and Wave Period Calculation Worksheet Calc By:__ RGG
County:___ Plymouth, MA Date: 9-23-13

Transect Number:_PL-66

Calculate Runup Reduction Factors in Accordance with Table D.2.8-5 of Guidelines and Specifications for Flood Hazard Mapping:

R2os = HmOrunup'(1-77'“{r"Yb"YB"Yp'iom) if 0.5<7p-fom<1.8

1.6
HmOrunup'{“{r"Yb"YB"Yp'[4-3 if 1.8 <~p-tom
N

€om

O otherwise

Rass= | "TAW Not Valid" it Slopecheck = "TAW Method Does Not Apply, Switch to Runup-2.0"

"TAW Not Valid" if Iribarrencheck = "TAW method is NOT vaild for this Irbarren value. Please seek alternative method."

Roos otherwise

Rov - "TAW Not Valid"

Check for Overtopping:

OVERTOPPEDRunup:= |"Overtopped... Please consider 3 foot rule” it (Rpop + SWEL) > Topele

"NO Overtopping" otherwise

OVERTOPPED Runup =n

5.4 Failed Revetment Structure Analysis

Calculate Slope of the Revetment:
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Client:_Town of Marshfield Wave Height and Wave Period Calculation Worksheet Calc By:__ RGG
County:___ Plymouth, MA Date: 9-23-13
Transect Number:_PL-66

Slope - (Topele - Toeele)
Pe (Topsta - Toesta) Slope = 0.64

Calculate the Midpoint of the Revetment:

Length := \/(Topsta - Toesta)z + (Topele - Toee|e)2 Length = 16.61 1t

Length

Midpoint := Midpoint = 8.3t

Determine the Distance from the Shoreline to the Midpoint of the Revetment:

Midpoint
Midstg := [( Le:gth )-(Topsta - Toesta)} + Toesta Midstg = 112.07 t

Determine the Elevation of the Midpoint of the Revetment:

Midele = linterp(Station, Elevation, Midsta) Midgle = 14.77 1t

Calculate the Upper Quarter of the Revetment:

h-3
Quarter := Le% Quarter = 12.461t

Determine the Distance from the Shoreline to the Upper Quadrant of the Revetment:

Quarter Quarter (To Toe. ) Toe.
= . — +
sta Length Psta sta sta Quartergtg = 115.57 1t

Determine the Elevation of the Upper Quadrant of the Revetment:

Quarterg|e := Iinterp(Station, Elevation, Quartersta) Quartergle = 171t

Calculate Scour at the Toe of the Revetment:
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Client:_Town of Marshfield Wave Height and Wave Period Calculation Worksheet Calc By:__ RGG
County:___ Plymouth, MA Date: 9-23-13
Transect Number:_PL-66

TOeRscour = TOEe|e - ArmOrD TOeRscour = 6.3ft

Adjusting the Existing Profile:

Offset

Offset,;q, Offset,,, and Offset,,, are equal to 0 if the horizontal distance from the shoreline to the bottom of the vertical

structure already exists in the station array, otherwise, offset is set to 1. If no data point exists to represent the station of these locations, a
data point is created in the FailSta array, which is the array of horizontal distances from the shoreline along the transect which is used to
generate a profile of the failed structures.

toe”’

0
0 | -6436.06
1 | -6386.06
2 | -6336.06
3 | -6286.06
4 | -6236.06
5 | -6186.06
6 | -6136.06
Station=| 7 -6086.06 | ft
8 | -6036.06
9 | -5986.06
10 | -5936.06
11 | -5886.06
12 | -5836.06
13 | -5786.06
14 | -5736.06
15
Determine if station of the toe of the revetment is within the Station array and if not, add a data point
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Client:_Town of Marshfield Wave Height and Wave Period Calculation Worksheet Calc By:__ RGG
County:___ Plymouth, MA Date: 9-23-13

Transect Number:_PL-66

T0e|ocation = matCh(TOeSta, Station) T0e|ocation = (286 ) T0e|ocationo = 286 Toesta = 105.07ft

Offsetige:= (O if Station = Toesta , _
(Toelocation ) Toestaloc == | To€locations + Offsetige if Toestg > Station )
0 0 (Toelocatlono)
1 otherwise Toelocationo otherwise
OffSettoe = O

Toestak)c = 2 8 6

Determine if station of the midpoint of the revetment is within the Station array and if not, add a data point2

286

Mid|0cati0n = matCh(Midsta, Station) Mid|0cati0n = Mid|0cati0n0 = 286 Mldsta = 112.07ﬂ
287

Offsetmig = [0 if Station/, = Mid

mid (M'dlocationo) sta
Midstak)c = Mid|0cati0n0 + OffSettoe + Oﬁsetm|d if Mldsta > Station Mid i
1 otherwise ( |°Cat'0n0)
(Midlocationo + Offsettoe) otherwise
Offsetmiqg = 1

Midstak)c = 287 FailReVetStaMidStaloc = Mldsta

Determine if station of the upper quadrant of the revetment is within the Station array and if not, add a data point

286
arter|gcation = Match(Quartersta , Station arter|gcation = arterjgcation = 286
Quarter|pcation (QU sta I ) Quarter|pcation 287 Qu locationgy Quartersta = 115.57 ft
Offsetqua == |0 if Statlon(Quafteﬂocationo) = Quartersta
1 otherwise
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Client:_Town of Marshfield Wave Height and Wave Period Calculation Worksheet Calc By:__ RGG
County:___ Plymouth, MA Date: 9-23-13
Transect Number:_PL-66

Offsetqua = 1
Quarter = | Quarter i + Offsettge + Offsetyig + Offset if Quartergtg > Station )
Staloc Iocatlono toe mid qua sta (Qua"te"locanono)
(Qual’terlocationo + Offsettge + Oﬁsetmid) otherwise
Quartersggloc = 288 Fa”ReVEtStaQuartergtamc = Quartersty

Determine if station of the top of the revetment is within the Station array and if not, add a data point
Toplocation := Match(Topsta, Station) Topjocation = (287 ) Topjocationgy = 287 Topsta= 119.07 1t

Offsetygp = | O if Station( = Topsta

TOplocationo)

1 otherwise

OffSetto p= O

Topstaloc == | ToPlocation ot Offsettpe + Offsetmid + Offsetqua + Offsetipp if Topsta 2 Station(Toplocation )
0

(TOPIocationo + Offsettge + Offsetmid + Oﬁsetqua) otherwise

Topstak)c = 289 FaiIReVetStaTopStaloc = Topsta

Sets the station of the failed profile to be equal to the existing profile station from the shore to the toe of the revetment

i= T0e|ocationo.. O FaiIReVetStai = Stationi FaiIReVetStaToeStaloc = Toesta

Sets the station of the failed profile to be equal to the existing profile station from the toe of the revetment to the midpoint of the
revetment, offsetting if a data point was added to represent the toe of the revetment
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Client:_Town of Marshfield Wave Height and Wave Period Calculation Worksheet Calc By:__ RGG
County:___ Plymouth, MA Date: 9-23-13
Transect Number:_PL-66

X = (ToeStaloc + 1) - (MidStanc - 1) if (ToeStaloc + 1) < ('V”dStaloc - 1)

Toestaloc Otherwise

FailRevetSta>< = | Station if x # Toestaloc

x—Offsetige

Toestg Otherwise

FailReVetStaMidStaloc = Mldsta
Sets the station of the failed profile to be equal to the existing profile station from the midpoint of the revetment to the upper quadrant
of the revetment, offsetting values if a data point was added to represent the midpoint of the revetment
y:= (Mldsta|oc + 1) . (Quartersta|oc - 1) if (Mldsta|oc + 1) < (Quarterstak)c - l)

Midstaloc Otherwise

FallRevetSIay = Statlony—Offsettoe—Of‘fsetmid if y=# Midstaloc

Midstgq otherwise

Fa”ReVEtStaQuarterStamc = Quartergty

Sets the station of the failed profile to be equal to the existing profile station from the upper quadrant of the revetment to the top of the
revetment, offsetting values if a data point was added to represent the upper quadrant of the revetment

z:= (QuafterStanc + 1) - (TOPStanc - 1) if (Qua"terStaloc + 1) 2 (TOPStanc - 1)

Quartergtgloc  Otherwise
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Client:_Town of Marshfield Wave Height and Wave Period Calculation Worksheet Calc By:__ RGG
County:___ Plymouth, MA Date: 9-23-13
Transect Number:_PL-66

FailRevetStaZ = | Station if z # Quartersialoc

zZ— Offsettoe— Oﬁsetm id— Oﬁsetq ua

Quartergtg otherwise

Fail ReVetStaTo PStaloc = Topsta

Sets the station of the failed profile to be equal to the existing profile station from the top of the revetment to the end of the transect,
offsetting values to compensate for any added data points

end := last(Station) + Offsettge + Offsetmig + Offsetqua + Offsettgp end = 1678

W= (TOPStaloc + 1) ~end FaIIReVEtStaW = Statlonw—Offsettoe—Of‘fsetmid—Offsetqua—Offsettop

Sets the elevation of the failed profile to be equal to the existing profile from the shore to the toe of the revetment and then slopes
towards the shoreline at a 3h:1v slope from the toe of the revetment

FaiIRevetE|ei = EIevationi

1 1
FailReVetE|ei = |:H:(Toesta - FallReVetStal)(E + TOeRscour if (Toesta - FallReVetStal) 5 + TOeRscour < EIeVatiOni

break otherwise

Sets the elevation at the toe of the revetment to the elevation after failure

FaiIReVEtEleTOeStak)c = TOeRscour

Sets the elevation of the failed revetment from the toe to the midpoint of the revetment based on armor depth if points exist between
the toe and midpoint of the revetment

FallRevetE|ex = EIevatlonX_Offsettoe — Armorp if x # Toestaloc

ToeRgcour Otherwise
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Client:_Town of Marshfield Wave Height and Wave Period Calculation Worksheet Calc By:__ RGG
County:___ Plymouth, MA Date: 9-23-13
Transect Number:_PL-66

Sets the elevation of the middle of the revetment
FaiIRevetE|e,vIidStaIOC = (Mide|e - ArmorD)

Sets the elevation of the failed revetment from the midpoint to the upper quadrant of the revetment assuming a constant slope equal to
the slope of the original revetment, only sloping downwards instead.

FalIReVEtEIey = (Stat'ony_offsettoe—offsetmid

- Midsta)-(SIope<—l) + (Midele — Armorp) if y # Midstaloc
((Mide|e - ArmorD)) otherwise

Sets the elevation of the upper quadrant of the revetment

Fa"ReVEtEleQuarterStabc = (Quartersta - Midsta)-(SIopeA—l) + (Mide|e - ArmorD)

Sets the elevation of the failed revetment from the upper quadrant to the top of the failed revetment assuming a constant slope of
1v:1.5h until it reaches the existing elevation, or the top of the revetment.

j= (QuarterStabc + l) .end

1 1
FailRevetg|e. == FailRevetstg. — Quarter | —— || + FailRevet if |(FailRevetgtg. — Quarter | —— || + FailRevet, < Elevation.
Eley ( Stay ~ Q sta) (1_5 EleQuarterstaloc ( Sta; ~ Q sta) 1.5 EleQuartersaloc |-Offsetioe—Offsetmig—Offsetqua

break otherwise

failed := last(FailRevetgje) failed = 289
bland := O
Finds the intersection point of failed profile and intact profile: . 0
failed =
Station =133.07+ Station, _. =119.07+
I failed-Offsetoe—Offsetmig—Offsetqua+ 1 ! failed—Offsettge—Offsetmig—Offsetqua
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Client:_Town of Marshfield

Wave Height and Wave Period Calculation Worksheet

Calc By:__ RGG

County:___ Plymouth, MA
Transect Number:_PL-66

Date: 9-23-13

Elevation_ .
failed—Offsetioe—Offsetmig—Offsetquat 1

— Elevation

failed—Offsettge—Offsetmid—Offsetqua

Landsiope = Station
failed—Offsetioe—Offsetmig—Offsetquat 1

Lands|ope = *0.02

Given

Elevation Stati

failed-OffsetioeOffsetmig-Offsetqua+
bland,;= Find(bjand) = 21.491t

1
15

Failedsk)pe =

Given

FailReVetE|efai|ed = Fa”ReVetStafailed'Failedsk)pe + bfa"ed
Dtailed= Find(bfa”ed) =-68.511

Given

X-Faileds|ope + bfailed = X-Lands|ope + bland

X=Find(X) = 131.281t

Y := X-Faileds|ope + bfajled = 19+

FailTopsta = 131.28t

FailTopsty = X

FailTopgle := Y FailTopgle = 191t

on
failed— Oﬁsettoe* OﬁSetm id— OﬁSetq uat 1

— Station

failed—Offsettpe—Offsetmig—Offsetqua

-Lands|ope + bland
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Client:_Town of Marshfield Wave Height and Wave Period Calculation Worksheet Calc By:__ RGG
County:___ Plymouth, MA Date: 9-23-13
Transect Number:_PL-66

Oﬁsetintersect = O if FallTOpSta = Statlonfailed*Oﬁsettoefoﬁsetmidfoﬁsetqua

Offsetintersect = 1

1

FallReVEtStafailed+Oﬁsetintersect =X FallReVEtElefailed+oﬁSetintersect =Y

a:= (falled + Offsetintersect + l) ..end

FaIIReVEtStaa = Statlona— Oﬁsettoe—oﬁsetmid—oﬁsetqua—oﬁsetintersect

FaIIReVEtElea = Elevatlona—Oﬁsettoe—oﬁsetmid—oﬁsetqua—oﬁsetintersect

30 T T

20

FailRevetg|e

Elevation 10

I I
0 200 400
FailRevetstg , Station

5.5 Wave Setup, 1, Calculation on Failed Revetment
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Client:_Town of Marshfield Wave Height and Wave Period Calculation Worksheet Calc By:__ RGG
County:___ Plymouth, MA Date: 9-23-13
Transect Number:_PL-66

The following displays the failed profile of the transect:

30 T T

20 7
FailRevetg|e

+—— 10+ =
0 -

I I

0 200 400
FailRevetsty
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Client:_Town of Marshfield Wave Height and Wave Period Calculation Worksheet Calc By:__ RGG
County:___ Plymouth, MA Date: 9-23-13

Transect Number:_PL-66
< Total Setup >
h.=h,+h,

Check overtopping if occurs

h,+SWEL >
Crest Elev.

Recalculate h,

Calculate setup height over
the structure No
h,=h +SWEL-Crest Elev

I

Calculate Water Depth at Failed Structure, h PR T
\
p
h=h,+h,
Hoj= biLo Hp = 15.14 Ha= Do Lo Hy= 18471

Calculate Wave Setup on a FailedStructure, 0 .., uret
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Client:_Town of Marshfield

Wave Height and Wave Period Calculation Worksheet

Calc By:__ RGG

County:___ Plymouth, MA Date: 9-23-13
Transect Number:_PL-66
1.0 _ h h

i R —0.8-[H—d] \ 1} i [H—dj £0.092

@ 08 -

: _0.3919.[lj . 0.9585}  0.092- 1 20.4

E L Hd Hd

E 08 -

_0.3475.[lj ; 0.9379} f 0.4< 1 <09

" Hd Hd

"E 04 -

: h 2 h h

s _33.312.[—j . 59.811.(—] - 26.223| it 0.9- [—j <0.94444

& | Hd Hg Hd

: _9.8703.[lj . 9.8703} 1 0.94444 < (l] <1

i | i i | | Hd Hg
0 DD (i 02 04 06 08 1.0 i
Depth Relative to Breaking Depth 0 otherwise
Figure D.2.6-9. Proportion of Maximum Wave Setup that Has Occurred vs. a Proportion of
the Breaking Depth.
Figure from: Atlantic Ocean and Equation based on estimated curve from
Gulf of Mexico Coastal Figure D.2.6-9
Guidelines Update Feb 2007
rR=0.87 h 093
Hg
M= RMopen nL= 2.091t M= 0.15-(h + Tll) n2 = 0.94+

NFailedStructure := M1 + M2 NFailedStructure = 3-02t

Check Overtopping if Coastal Structure Exists:

Qvertopped:= | "Y€S" if (nFailedStructure + SWEL) > FailTopgle
IINOII

otherwise

Total Setup against a coastal structure without considering

overtopping

"

Overtopped = "NO
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Client:_Town of Marshfield Wave Height and Wave Period Calculation Worksheet Calc By:__ RGG
County:___ Plymouth, MA Date: 9-23-13
Transect Number:_PL-66

h2:= | (nFailedStructure + SWEL — Topeje) if Overtopped = "Yes"

0 otherwise

Equation D.2.6-12 for 1), from Atlantic Ocean and Gulf of Mexico
Coastal Guidelines Update

2
h
2= [0.15:(h+ ’f]l)'|:l - [sz } if Overtopped = "Yes"

n2 otherwise

Total Setup with a

, 4 i =3.021t .
MEAlsdRegy= 1+ M2 UIECHEE VE VR failed coastal structure
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Client:_Town of Marshfield Wave Height and Wave Period Calculation Worksheet Calc By:__ RGG
County:___ Plymouth, MA Date: 9-23-13
Transect Number:_PL-66

5.6 Wave Runup Analysis (Using TAW Method) on a Failed

Input Data: Deep Water Wave
Revetment Parameters (H,, L, T,),
X barrier slope (m), and depth
Flow Chart of Process of Calculating Wave Runup: gi i3 do2 C)

Yes

Calculate: Local wave
parameters at barrier (H,, @,
Lo Tr10®)

aveEqn. Type
L/dg

Shallow<0.2 Deep/Trans =>0.2

Broken Wave?

Check if H,>0.78 d, ves

Calculate < , =m/
SQRT(H,,/L.

mo)

NO

TAW not valid, find
another method
Yes

A 4
Proceed to reduction
factors & calculate
runup
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Client:_Town of Marshfield Wave Height and Wave Period Calculation Worksheet Calc By:__ RGG
County:___ Plymouth, MA Date: 9-23-13
Transect Number:_PL-66

Checking Slope of Revetment to determine if it is between 1:0 and 1:8:

(FallTOpE|e - TOeRscour)

Slope, =48.48.%
(FailTopSta ~ Toesta) PEFAILRevet

SlopefFAlLRevet =

1

SlopefFAILRevetOneOnN = ——————— SlopeFAlLRevetoneon = 2.06
SlopefajLRevet

FAILSlopecheck == | "TAW Method of Runup Calculation Applies" if 0 < Sloperevetoneon < 8
"TAW Method Does Not Apply, Switch to Runup-2.0" otherwise

FAILSlopecheck = TAW Method of Runup Calculation Applies"

Check if Wave is Depth Limited at the Toe of the Revetment / Barrier:

Repthimited,= | “Limited” it Hmo>0.78h
"Not Limited" otherwise

If wave is depth limited, H, will be used rather than

Depth jmited = - Limited"

Determine Wave Type:

mn " h
veType := | "Shallow" if —<2
Lo
mw T4 n h
Transitional" if 0.2 < < 0.5
0
"Deep" otherwise
WaveType = "Shallow"
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Client:_Town of Marshfield Wave Height and Wave Period Calculation Worksheet Calc By:__ RGG
County:___ Plymouth, MA Date: 9-23-13

Transect Number:_PL-66

Determine Significant Wave Height Depending on WaveType and DepthLimited Condition:

HmOrunupFAIL1 = 0.88-Hmg if WaveType = "Shallow"

Hmo otherwise

HmorunupFAILL = 11.71t

HmorunupFAIL = | 0.78:h if Depthyimited = "Limited" HmorunupFAIL = 3.24 1t

HmorunupFAIL1 otherwise

Calculate the Iribarren Number, Eml

SlopefajLRevet
m:= —— ﬁom = 637
HmorunupFAIL

Lmo

Check TAW Method for Validity based on Iribarren Number:

FAILIribarrencheck == | "TAW method is Valid" i 0.5<¢om<10

"TAW method is NOT vaild for this Irbarren value. Please seek alternative method." otherwise

FAlLIribarrencheck = - TAW method is Valid"
Calculate Runup Reduction Factors in Accordance with Table D.2.8-5 of Guidelines and Specifications for Flood Hazard
Mapping:
Select Roughness Reduction Factor, y,: Default - 1 layer of rock with diameter, d, where Hs/d =1 to 3
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Client:_Town of Marshfield Wave Height and Wave Period Calculation Worksheet Calc By:__ RGG
County:___ Plymouth, MA Date: 9-23-13
Transect Number:_PL-66

= | i 7,—20.53
"Please Select Radio Button" otherwise

=0.58

Select Berm Section in Breakwater, v, :

Default = No

= b i p > 0.5 b= 0.6 Berm
"Please Select Radio Button" otherwise

Select Wave Direction Factor, Yg:

Default - Short crested with beta =0

0° for normally incident wave

(1-0.0022.|s0l) it (gl >80) A~p=1 p=1
1 it o<[pl<10A~g=2

cos{(|ﬁ| - 10){%]} i (10< 6] < 63 rp= 2]

0.63 if |B| > 63/\’\@: 2
"Please Select Radio Button" otherwise

Select Porosity Factor, Yp:

aae= |1 Porosny 0. 5) Afom=<3.3
it (Porosity= 0.5) A tom > 3.3 vp=0.73
Default Porosity = 0.5 Hl 17 o 46]} o

0.5 otherwise
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Calc By:__ RGG

Wave Height and Wave Period Calculation Worksheet
Date:

9-23-13

Client:_Town of Marshfield
County:___ Plymouth, MA
Transect Number:_PL-66

Summary of Reduction Factors:

vp=0.73

=1
b= 0.6
~ = 0.58

Calculate Runup Reduction Factors in Accordance with Table D.2.8-5 of Guidelines and Specifications for Flood Hazard

Mapping:

REAIL206 = HmOrunup‘(1-77"Yr‘“{b‘“{6‘“{p‘§om) if 0.5<~p-tom<1.8

1.6
HmOrunup‘{'Yr‘“{b"‘{B"‘{p‘[4-3 — || if 1.8<ptom

€om

0 otherwise

REAIL2%%.= ‘"TAW Not Valid" if FAILSlopecheck = "TAW Method Does Not Apply, Switch to Runup-2.0"

REAIL295 Otherwise

RFAIL29 = 0.121t

Check for Overtopping:

OVERTOPPEDFAILRynup = | "Overtopped... Please consider 3 foot rule” it (R,:A||_2%+ SWEL) > FailTopgje

"NO Overtopping" otherwise

OVERTOPPEDFAILRynyp = "NO Overtopping"

"TAW Not Valid" if FalLiribarrencheck = "TAW method is NOT vaild for this Irbarren value. Please seek alternative method."
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Client:_Town of Marshfield
County:___ Plymouth, MA
Transect Number:_PL-66

Wave Height and Wave Period Calculation Worksheet Calc By:__ RGG
Date: 9-23-13

6.0 Conclusions/Results
Wave Height, H_, Hmo = 13.31t

Wave Period, Tp Tp=11.5s

Wave Setup on an open coast, n e

Wave Setup on arevetment, ng, . c..e

Wave Runup on arevetment, R,,,

Failed Structure Profile:

Fetchstatus = "STWAVE Input (Hmo, Tp)"

Fetchstatus = "STWAVE Input (Hmo, Tp)"

Nopen = 2.4+t

nStructure = 2. 76t
Roo, = " TAW Not Valid" Runup result from ACES for intact = 0.6'

2% Runup Elevation from Runup2 intact = 3.31'

60~

FailRevetgle 40

Elevation

Wave Setup on a Failed Structure, 1

200 400
FailRevetstg , Station

NFailedStructure = 3-02ft

MathCAD V14
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Client:_Town of Marshfield Wave Height and Wave Period Calculation Worksheet Calc By:__ RGG
County:___ Plymouth, MA Date: 9-23-13
Transect Number:_PL-66

Wave Runup on a Failed Structure, Ry, 50, RralL29% = 0.121t

OVERTOPPEDFAILRynyp = "NO Overtopping"

Top of Failed Revetment Station and Elevation: FailTopgiy = 131.28 1t FailTopgle = 191t
A A 1 A , 1
Failgtg = FallRevetSIaAl-E Failgje := FallRevetE|e<l-E
NOTES:
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PART6 NUMBERED A ZONES AND V ZONES

STATION OF GUITER ELEVATION Z0NE DESIGNATION FHF
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Transect PL-066
Marshfield, Massachusetts

WHAFIS Analysis on Intact Profile
September 26, 2013
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Wave Transect PL-66 Ransom WHAFIS Output, Failed Profile

PART4 LOCATION OF SURGE CHANGES
STATION 10-YEAR SURGE 100-YEAR SURGE

NO SURGE CHANGES IN THIS TRANSECT

PARTS LOCATION OF V ZONES
STATION OF GUTTER LOCATION OF ZONE

105.82 WINDWARD

PART6 NUMBERED A ZONES AND V ZONES

STATION OF GUTTER ELEVATION ZONE DESIGNATION FHF
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Transect PL-066
Marshfield, Massachusetts

WHAFIS Analysis on Failed Profile
September 24, 2013

20

1) o S | p—-"'-" —

e e i

1M |
[ N | N\

Y

L=}
| |

'
tn
| |

£(. NAVOg5 Cer)

/

N

/

\ ]
[\ Y.

100 600 1100 1600 2100 2600 3100 3600 4100

WHAFIS

Consulting
neers
and Scientists

¥ v W ¥ ¥ W 13 v ¥ W d ¥ W ]
4600 5100 5600 6100 6600 7100 7600 8100 2600 9100 9600 10100 10600 11100 11600 12100 12600

13100

Legend
13 SWEL
Eanmnn_!m’
) rormmams
] vawowan_roe
_jercennn
| [TV
[ Y
[ wrare m
ZNHAFB_CIIEH
X wiars sres
O heneeve

i auea.!

1 i Faea an

o Jzuex




267i50(B73i000 268i000

268,500
11

269i000

874iOOO 269i500

267,500

%M

PL-061

874,000

270,000

872,000

871,500 268,000

871,000

Legend

Ransom_S FLD HAZ AR
FLD_ZONE, STATIC_BFE
AE, 10
AE, 11
AE, 13
AE, 14
AE, 15
AE, 16
AE, 17
AE, 18
7] VE, 10
VE, 13
VE, 16
VE, 17
- VE, 18
VE, 20
VE, 21
VE, 22
X, -9999

268,500

870,500

269,000870,000

869,500

L 1 1
269,500 270,000 869,500

0 1,000 2,000

N

AE 13

Note: The only zones [
redefined by Ransom
are the labeled zones

873,500

872,500 270,500

872,000 271,000

271,500 871,500

871,000

870,500

I
270,500

I I
271,000 870,000

4,000

Ransom Revised Flood Zones near PL64 & PL66

Marshfield, MA

Base Maps are USGS Marshfield 7.5' quads

Grid is Mass. State Plane, Mainland, NAD83 (m)

RGG 10/3/13 131.06145

6,000

I
271,500

I et

8,000

Attachment 18



Comparison of Ransom and STARR Engineering Calculations for Wave Transects PL-64 and PL-66

Average Transect Slope

Open / Fetch Wind e e Wave Toe / Breaking Top/ e Top / SWEL Average
TRANSECTID | ~P¢ Length | speed | SweL , ! He dy Wave Height | SWEL : 20 Transect
Restricted > Height Period Length . ) Station Station

(mi) (m/s) Elevation Elevation SLOPE, m

PL-64 10.46 31.09621 10.65 581.2664 | 25.00822 | 32.06182 | -21.60182266 10.46 -2158.26 50.48 0.014516

Ransom PL64 Open 3576 10.46 115 112 6423 13.32 17.08 6.62 10.46 -707.2 50.41 0.022548

PL-66 10.46 30.59725 13.58 945.0952 | 29.0915 | 37.2968 -26.83679763 10.46 -1875.86 102 0.018857

Ransom PL66 Open 35.76 10.46 133 11.5 677.2 14.94 19.16 -8.7 10.46 -430.3 105.3 0.03576

RGG, 9/30/13

Town of Marshfield, MA Page 1 of 4



Comparison of Ransom and STARR Engineering Calculations for Wave Transects PL-64 and PL-66

Average Shore Slope Wave Setup Wave Runup Structure At
Average Open With Structure | Total Water |Runup 2% Overto Does Structure| Revetment or Vertical
TRANSECT ID Beach 1:0N pen, P21 Method B ,
Slope Nopen (ft) Nytructure (FE) Level (ft) ed? Exist? Structure?
PL-64 68.89003 | 0.207211 4.826003824 3.83 4.88 15.34 7.72 TAW No Yes Revetment
13.17/13.57
Ransom PL64 0.207 4.83 1.93 2.71/3.11 failed fai{ed 7.51 TAW No Yes Revetment
PL-66 53.03029| 0.102549 9.751434034 4.39 5.06 15.52 3.41 Runup 2.0 Yes Revetment
13.22/13.49 Runup
R PL66 0.1025 9.75 2.4 2.76/3.02 failed 3.31/0.6 N Y Revet t
ansom / aile failed / 2.0/ACES o es evetmen

RGG, 9/30/13

Town of Marshfield, MA

Page 2 of 4



Comparison of Ransom and STARR Engineering Calculations for Wave Transects PL-64 and PL-66

alysis Failed Structure Analysis Notes on Er
Toe Top Failed
A Failed Struct hFailedStr | R 2% Overt d SWEL/T
TRANSECT ID | station | Station | 0" | structure Top | o co oo oeture pRraleaStg BURUREA Ay, o oq  [PYEMOPPEAL o pvEy /T| STRUCTURE | FAILURE
Depth (ft) . Top Elevation (ft)] ucture (ft) (ft) ? WEL
(ft) (ft) Station (ft)
PL-64 39.77 73.77 4 93.56 24.09 5.31 5.55 TAW No Yes Yes Yes
Not
Ransom PL64 | 39.77 73.77 4 93.56 24.09 10.1 5.41 TAW No c_) Yes Yes
provided
PL-66 105.07 119.07 4 131.28 19 5.27 0.14 TAW No Yes Yes No
Not
Ransom PL66 105.07 119.07 4 131.28 19 4.2 0.12 TAW No . Yes No
provided
RGG, 9/30/13
Town of Marshfield, MA Page 3 of 4



Comparison of Ransom and STARR Engineering Calculations for Wave Transects PL-64 and PL-66

gineering Decisions
TRANSECT ID | EROSION FNUT'\:éi E::\E;g YK‘HT/:E'TS VFV/:/:EFI')S General Notes Rl:ljcr):tl:sp
PL-64 No No No Yes Yes
Ransom PL64 No Yes No No Yes
PL-66 No No No Yes No Failed the structure using a lower toe station.
Ransom PL66 No No No Yes No

RGG, 9/30/13

Town of Marshfield, MA

Page 4 of 4
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