


occurrenceof substantialoverwashand formationof a berm Iandwardof the pre-
storm berm. The mmputedamountof km retreat (measuredas the
displacementof the berm crest is about3540 m, and the computedbeach face
recessionis about30 m. The modelpredictsa distinctIodized overwasb
deposit. The exact shapeand dimensionsof the ovenvashdepositare probably
not correctlypredictedby the model. The overwashalgorithmused in the model
was developedusingdata fkomCkeanCitybeach Iill responseto the January 1992
storm, in additionto laboratorydata from large-scalewave tankexperiments.
Qualitatively,the modelyieldsreasonableestimates;however, it is beyondthe
capabtity of the modelto predict the detailsof the overwashprocess. But, even
in lightof the crudenessof the overwashmodeland the limiteddata used to
developit, the computedresultsare consistentwiththe qualktive observations
madeby NPSstaffthatwere presentedearlier for this storm.

Figure A3-12showscomputedbeachresponsefor theJanuary 1992storm.
The beachface, at an elevationof 2 m NGVD,was computedto by displaced
landwardby a distanceof about30 m. From the beach fhceseaward,profile
responseis similar to that for the HalloweenStorm. However, the overwash
reqmuse is quitedifferent. Insteadof a welldefined berm createdlandwardof
the originalberm, thepost-stormprofile indicatessubstantialoverwashand
depositionof sandover a muchlarger extent(acrossmuchof the island),but in a
thinnerdepositwithflatteningof the berm crest. ThisPo6t-stormprofile reflects
completeinundationof the proiile, as calculatedby the model. The computed
maximumvalueof SWL-plus-setup(totalwater level) is 2.8 m whichexceedsthe
maximumberm crest elevation. Again, theerosionresultsare consistentwith
observations. ‘fk SBEACHmodelqualitativelyreproducedthe very different
overwashcharacteristicsof the two storms.

Selecting the Degree of Elevation Needed

Waveand water level characteristicsat the he@ of the storminfluencerun-
up and overwashexperiencedduringthe storm. Returningto resultsshownin
Table A3-1, in termsof waveheight, the September1992(3.5 m), March 1994
(3.9 m), andJanuary 19% (3.6 m) stormsappear to be similar to whatone might
considerto be a one-yearevent.

Waveperiodalso influencesrun-up. Waveperiodsfor the same three storms
are 9, 12, and 11see, respectively.The averageperiodfor theseeventsis about
11see, whichis about the averagefor all the extratropicalevents. The Halloween
Storm, October 191, was characterizedby waveswith lowerwaveheight than
the o~-year value, but withvery longperiods. The waveperiodat the time of
maximumSWLfor the Halloweenstorm was 15see, but waveperiodsreached20
sec during the stormjust before the timeof greateststorm surge. Waveperiod
for the January 1992storm, 15see, was alsogreater than the average.

19 ,“



20

c
0

u
m
G
w
*

HallOW~n Storm 1991 - Exlst]ngCono]tions

4

t

— InitialProfile
——— Final Profile

09-.20-1996

-B-l
-200 0 200 400 600 600

DistanceOffshore (m)

Figure N-11. ComputedBeachProfile Reqome, Halloween1991Storm

A

-6

JsIwarY

— InitialProfile
-—— Fin@l profile

1992 - ExietingConditions 02-20-19%

)’ 0’ 260’ 460 ‘ 6Ci0 ‘ 600 ‘

DistanceOffshore (d

F@re A3-12. ComputedBeachProfile Response,January 1992 Storm

*



. ..-

h termsof maximumSWL, the HalloweenStorm, the November 1991,
September1992,and March 1994stormsappear to represent the typeof event
that canbe expeetedaboutevery year (1.5 to 1.6 m NGVD). There were four
occurrencesof this wster levelduringthe five-yearperiod. The January 1992
storm had the highest SWL, 2.0 m NGVD.

Consideringbothwaveand water level conditionsat the heightof the storm,
the March 1994and September1992stormsseemto beatrepresentevents that can
be expectedon averageonceeach year. The Halloweenstorm, seems to
representa leasfkquent event, not in termsof waveIieightand maximumSWL,
but becauseof the unusuallylongwaveperiods, The SWLof theJanuary 1992
storm was the highestmeasuredduringthe five-yearperiod, and the waveperiod
was unusuallylarge; therefore, it was not consideredto be a one to two-year
event in termsof water leveland waveparameters.

Run-upelevationsfor the March 1994and September1992events, predicted
withthe & model, were 3.2 m and 3.0 m, respectively. Run-upcomputed
usingHIIIOwas 3.7 m and 3.4 m for the same two storms. Run-upcalculations
for the Halloweenstormare 3.2 and 3.6m. It seemsreasonableto estimatethe
one-totwo-yearrun-uplevelat almut3.2 m NGVD(using~ and 3.6 m
NGVD(usingH1,l~. A designelevationof 3.3 m NGVDwas selectedas the
elevationneededto limit substantialoverwashto a frequencyof aboutonceevery
one to two years. It shouldIMnotedthat a few other storms during thisperiod
wouldprobablyproducesporadicoverwasbover a berm witha crest of 3.3 m
NGVD, as indicatedby the HVIOrun-up-S. Also, an unusuallysevere
ndwaster, suchas theJanuary 1S92storm, or tropicalstormhas a chanceof
occming at any timeand canproducesignificantoverwasbas indicatedby the
results in TableA3-1.

Basedon this run-upanalysis,an elevationfeaturewitha crest elevationof 3.3
m NGVD,a topberm crest widthof 5 m and side slopesof l:20wasdefined as
the engineeredfeature for providingsomebreachprotection,altilt at a reduced
level. Side slopeswere chosento be typicalof thosethat wouldbe createdduring
a hydraulicpump-outoperationused to constructtie project. The cross-shore
“footprint”of this feature is approximately45 m. The feature will be calleda
storm berm, rather thana dm, becauseof its low relief. An analogousfeature is
the relief createdon a welldrained footballfield, whichis about40 yd across with
a crownat mid-fieldof about2 to 3 ft. This stormberm wouldnot be very
visibleon the naturalbeachbecauseof its gentleslopeand low relief (as
comparedto a alum),

Survivability of the Storm Berm

Anotherengineeringissueconsideredin the designof the project cross-section
is the locationof the storm berm. Severallocationswere considered,but the most
natural locationis just Iandwardof the crest of the natural “tidal”berm, where
storm berms and dunesare typicallylocated. An importantconsiderationin
locatingthe exactpositionof the stormberm on the existingbeachprofile is its
smvivabfity. Addedelevationthat is removedby the first typicalwinter smrm
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doesnotprovidethe desiredprotection. Also, survivabilitymust consider the
present longer-term“backgrti erosion ratea whichvary along the shorelim
thatistobe protected. Thedesigngoal istocreate anelevation feature thatwill
-veoni~mmtil timwlqly ti-mb~ti ---
Island.

To evaluatestuvivabfity, beach erosion causedby frequentad ini%quent
storms was investigatedto determiIMat dditiOId beach width shouldhd~y
becreatedaeaward of thestormberm. !llwaddedbeach widthwouldaeweasa
buffer to absorb the erosive impactof a storm and protect the berm. The frequent
storms consideredin the analysisare includedin Table M-l; the infhquent
storms are shownin Table A32. l%eaehistoricalstormswere hindcastby a
contractorworkingfor NABusing computerwaveand hydrodynamiccirculation
models. The hindcastproducedtime aerieaof wave and water level conditions,
that were in turn used as input to the SBEACHmodel. The first columnin Table
A3-2 showsthe date of the storm in monthday-year format. Other columns
containthe followi~ maximumsignificantwavehe@t, peak spectralwave
period, maximumSW wtaterlevel, maximumtotal water level (SWLplus set-up),
andthernaximum run-up cmnputedby the SBEACHmodel (using~to
estimaterun-up). Note that waveand water levelparameters for the January
1992stormare fromthemasured, rmtthehimic4tst,data.

Table A3-2MaximumWavead Water Level Characteristicsfix Infiquent
storms

Date Wave Wave SwL Si4L+ Run-up
Height Period Setup

(m) (see) (m) (m) (m)
----------------------------- -------------------------

330914
440914
560316
560411
560925
600912
620305
621102
640112
710406
741201
760409
780206
811111
830211
850926
920102
921210

3.8
2.9
2.3
5.5
3.9
3.3
5.9

4
5.2

3
3.4
3.7
3.3
5.7
3.5

3
4.1
4.4

11 1.7
9 2.1
6 1.3

11 1.4
10 1.6
9 1.4

17 2.2
9 1.6

13 1.6
9 1.4

13 1.2
e 1.1

10 1.3
10 1.5
9 1.5
9 1.8

17 2.0
13 1.9

2.5
2.7
1.8
2.5
2.6
2.1
2.7
2.4
2.7
2.2
2.1
1.8
1.9
2.7
2.3
2.5
2.8
2.8

3.3
3.5
2.7
3.2
3.1
2.9
3.8
3.0
3.4
2.9
2.8
2.s
2.9
3.2
3.1
3.1
3.7
3.4

It is interestingto note that several stormshave computedtotal water levels
that exceed the present maximum&rm elevationthat existsalongmuch of the
north endoftheisland. These areprobably thekindsofstorms tbatbavethe
greatest potential to cause a breach from the ocean side. Beachingcan also occur
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fkomthe bay side, but that is not consideredhere. If maintained,the incmaaein
islandelevationto 3.3 m NGVDwouldprovidelimitedprotectionfor these
infrquent storms. However,manyof thesestorms wouldproducesubstantial
overwash,and the effect of overwashon maximumelevationis uncertain. If the
stormberm does not increae in elevationthroughnatural ‘dune”building
procesaea,with time storm overwashmay beginto decrease the storm berm
elevationback to its current elevation.

Wdhout-Project Storm-Induced Erosion

To assessresponseof the existingbeach to storms, the SBEACHmodelwas
appliedusingtime seriesdata for the stormsidentifiedin Table A3-1alongwith
the inputbeachprone, AM measuredin September1995. Figure A3-13shows
the initialand finalprofilesfor the March 1994storm simulation. Recall that the
March 1994and September1S92stormsare representativeof the most severe
storm that is expectedeachyear. The March 1994stormproducedabout 2025
m of berm recession. Sandwas removedfrom the berm, depositedin deeper
water (seawardto aboutthe -5.5 m NGVDelevation),and pushedlandwardover
the existingberm to form an overwashdeposit. The occurrenceof overwashis
computedwithmore certaintythan the exact shapeand limitsof the overvvash
deposit. Calculatedbeach responsefor the September1992storm was nearly
identicalto that for the March 1994storm.

Reds for the HalloweenStormwere presentedin FigureA3-11. They show
greater berm recession,about30 m. The more severeerosionis believedto be
associatedwith the longerdurationof this storm. More severe stormswere found
to produceevengreater erosion. Resultsfor the worstcase simulated,the March
1%2 storm thatactudy causeda breach, indictedthat the islandwouldbe
completelyoverwhelmed,withextensivehmdwardoverwash,and computedberm
recessionwas about40-45m.

Basedon the resultsof the without-projecterosionsimulations,a bufhr of
about25 m (addedbeachwidthat the mtural tidalberm elevation)wouldprovide
satisthctoryprotectionagainsterosionfor stormswitha -ncy of occurrenu
of once every year or two. However,a berm of 050 m wouldbe requiredto
provideprotectionfkomthe most severeof the historicalstorms.

Evaluation of.the Protective Buffer

Testingof severalberm designconceptswas alsodom usingthe SBEACH
model. One designalternativeinvolvedplacementof only the 3.3 m NGVD
storm berm, with the seawardtoe of the storm berm placedat the existingberm
crest (i.e. no protectivebuffer). The other two alternativesinvolvedplacementof
the same storm berm at the same location, but withan additionalbuffer, or
“sacrificialberm”witha berm crest elevationof 2.5 m NGVD(the natural tidal
berm elevation). TWOaddedberm widthswere considered,25 and 50 m. ‘I&
two widthswere selectedbasedon erosionresultsfor the without-projectruns and
initial estimateaof the volumeof sandto be placedas part of the restoration
project.
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calculations were made to examim! theresponseof each of the three
alternativesto several frequentstormsand severalof the most severe infhquent
storms. Resultsfor the March 1994storm and the stormberrwnly case are
shownin F@ureA3-14. They showthat the stormberm is slightlyerodedand
sandoverwashoccurs, alongwith the possibtity of elevationloss. Note that the
dimrted scaleused in the figuresgivesthe impressionthat the elevationfeature is
more like a “dune.” Other more severe stormsproducedgreater erosionof the
stormberm. F@re A3-15showsresultsfor the January 1992storm. ‘fbistype
of storm completelyerodesthe stormberm.

F@res A3-16and A3-17showpredictedbeach responsesfor the March 1994
and January 1992storms, respectively,for the sewnd designalternative, the
stormberm plusa 25-mbuffer. The 25-mbuffer protects the stormberm from
erosionlossesfor the one-yearevent, March 1994. The entire buffer is eroded
for the January 1992stormand the stormberm is impactedslightly. Recall that
the HalloweenStormhas mxtrlyidenticalerosioncharacteristicsas the January
1992storm. TheJanuary 1992stormhad higherwaveheightsand higherwater
levelsbut had a shortduration. The HalloweenStormhad lower wavehe@s but
was of muchgreater duration, The erosioncharacteristicsof both stormsare very
similar; and in termsof foreshoreerosion,bothare consideredto be relatively
frequentevents. The 25-mbutlbr providedadequateprotectionfrom all other
frequentstorm events. Egure A3-18showstheresponseof the 25-mbuffer and
storm berm to the March 1%2 storm. The 25-m.btier is inadequatefor
providingerosionprotectionfor this levelof storm.

Resultsfix the 5@mbuffer case indicatedthat thisaddedbeach width
sumeasfdly providedprotectionfrom nearlyall storms, exceptperhapsthe March
1%2 storm. In this case the stormbuffer was completelyeroded, but the storm
berm remainedrelativelyintact.

Concernwasexpressedover the addedwidthassociatedwiththe buffer, its
impacton run-upelevationand overwash,aml the capabilityof the SBEACH
model to simulatethe sensitivityof run-upto profile shape. It was agreed that a
50-mbuffer in tint of the stormberm wouldprobablylimit run-upand ovenvash
for lesser storm conditions.The SBEACHmodelis not able to adequatelyassess
the impactof addedbuffer widthand foreshoreprofile shapeon run-upelevation,
becauseof limitationsin the run-upalgorithmsused in the model. A deciiionwas
made to adopt the 25-mbuffer to provideerosionprotectionfrom storms. For tie
25-mbuffer, and for the OIW-to two-yeareventswhichare the ones that will
produce the overwash,muchof the buffkrwouldbe erodedand deposited
offshoreduring the storm. ‘Thereforeit was reasonedthat any remainingbuffer
widthwouldhave a muchsmaller influenceon run-upand overwash.

The Design Cross-Section

?beadopteddesigncross-sectionincludesthe 3.3 m NGVDstormberm and a
25-m naturalberm (at elevation2.5 m NGVD)thatacts as a storm erosionbuffer,
plus an additionalbuffer to accountfor backgrounderosionrates. This design
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considersthe elevationmxxledto reduce the frequencyof ovenvaabto a one- to
two-yearftequency, and the need to protect the storm berm from erosion
associatedwith hpent storms. w

Background,or long-term,erosion trends associatedwith longshoresand
~ Processesmust also be cOnsi&redin the design. ‘IW same wave forces
and limitationsin sand supplythat are presently producing high erosion rates

along certain pOrtiOIK of north Asaateague khi W immediately begin to work
onthecmstructedstormbermandbuffer. During tklagintimebetween
constructionof he storm berm and restorationof a continuoussupplyof sand to
tiiti, til_*ti titil_~mw& fictihmtie
design. An additionalbuffkr w recommended,with the addedwidthto be
determinedbased on the raw of shorelinerecessionpresentlybeing experienced
locally. The actualpositionof the constructedberm on the exiting beachprofile
will dependon the amountof fill to be placed locallyto cmstruct the storm berm
and erosionbuffer.
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Appendix A4
Beachfill Design and
Quantity Analysis

The following paragraphs describe the method used to determine the placement confQuration
within the beach system and the expected shape of the fill after reaching an equilibrium with the
local wave climate.

Construction of the beach and storm berm will involve the placement of approximately 1.4
million cubic meters (1.8 million cubic yards) of beachfill oceanward of a construction baseline.
The construction template (Plate 6-5) defines the shape of the fill profile at the time of fill
placement. The construction bemn height should be the same or slightly less thamthe natural
berm crest elevation. This will help to prevent scarping of the fill material as it undergoes
readjustment. AS discussed in Appendix A2, the average height of the natural berm was
determined to be approximately 2.5 m (8.2 ft) NGVD. Consequently, this was chosen as the
construction berm height. This constmction berm will erode, distributing the material

. throughout the entire profile, resulting in a naturally shaped profile.

The offshore sIope of the construction profile fkomthe horizontal berm will be 1:20 to -.5 m (-1.5
ft) NGVD, hence 1:12 to its intersection with the existing bottom. These slopes should closely
conform to the natural con@ration of the pumped sand on the beach. During placement, the fill
will be continually monitored to determine actual foreshore slopes. Adjustments can be made to
the construction berm width to allow for differences that occur between assumed and actual
slopes, although every effort will be made to achieve these slopes during construction.

The determination of the construction berm widths was performed by m iterative process. Since
the point of maximum erosion is currently about 7 km south of the inle~ the largest unit volume
of material will be placed there and will be gradually decreased alongshore in both directions.
An initial estimate of the required width at each profile line was made and quantities computed
using the Interactive Survey Reduction Program (ISRP) and the average-end-area method. The
total quantity was compared to the allowable fill quantity of 1.4 million cubic meters (1.8 million
cubic yards), minus an estimated amount required for the storm berm, and adjustments in the
berm widths were made as necessary. This process was continued until the computed fill
quantity closely matched the quantity allowed for the beacMI1l. The final construction berm
widths for each reach are shown in Table A4-1 and the wrmsponding calculated unit volumes
and cumulative volumes for the beachfill are shown in Table A4-2. The final construction
template calculations are contained in Section 1 of this Appendix.
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