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Staten Island Was Tragic Epicenter of Storm’s

Casualties

By JAMES BARRON, JOSEPH GOLDSTEIN and KIRK SEMPLE
Published: November 1, 2012

That the borough was the scene for so much loss of life had a lot to do with the storm’s
path and the island’s own evolution, and what happened was not entirely a surprise to

Staten Islanders like Dr. William J. Fritz, the interim president of the

, and Dr. Alan I. Benimoff, a geology lecturer there.

Dr. Benimoff said Staten Island was in the wrong place at the wrong time for a storm that
scored a perpendicular hit on the New Jersey coast. “That put Staten Island in the bull’s

eye” for the surge, he said. “The water didn’t have anywhere else to go.”
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SLOSH — Sea Lake and Overland
Surges From Hurricanes

Hurricane storm surge zones are based on NOAA Sea, Lake and Overland Surge
from Hurricanes (SLOSH) model projections of vertical surge heights associated
with Saffir - Simpson scale category 1 - 4 storms.

Surge heights are associated with terrain elevation to delineate inundation
zones for hurricane category 1 - 4 storms.

Multiple storm landfall locations have been factored to produce a worst case flooding
for any given area. Northwest direction storms which landfall at high tide are used
as these storms produce the highest surge in this region.

New York State Emergency Management Office - vector digital data



Tropical Storm

Winds 39-73 mph

Category 1 Hurricane — winds 74-95 mph (64-82 kt)

No real damage to buildings. Damage to unanchored mobile homes. Some damage to poorly constructed
signs. Also, some coastal flooding and minor pier damage.

- Examples: Irene 1999 and Allison 1995

Category 2 Hurricane — winds 96-110 mph (83-95 kt)

Some damage to building roofs, doors and windows. Considerable damage to mobile homes. Flooding
damages piers and small craft in unprotected moorings may break their moorings. Some trees blown down.
- Examples: Bonnie 1998, Georges(FL & LA) 1998 and Gloria 1985

Category 3 Hurricane — winds 111-130 mph (96-113 kt)

Some structural damage to small residences and utility buildings. Large trees blown down. Mobile homes
and poorly built signs destroyed. Flooding near the coast destroys smaller structures with larger structures
damaged by floating debris. Terrain may be flooded well inland.

- Examples: Keith 2000, Fran 1996, Opal 1995, Alicia 1983 and Betsy 1965

Category 4 Hurricane — winds 131-155 mph (114-135 kt)

More extensive curtainwall failures with some complete roof structure failure on small residences. Major
erosion of beach areas. Terrain may be flooded well inland.

- Examples: Hugo 1989 and Donna 1960

Category 5 Hurricane — winds 156 mph and up (135+ kt)

Complete roof failure on many residences and industrial buildings. Some complete building failures with
small utility buildings blown over or away. Flooding causes major damage to lower floors of all structures
near the shoreline. Massive evacuation of residential areas may be required.

- Examples: Andrew(FL) 1992, Camille 1969 and Labor Day 1935
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New Yorker Magazine

BY IAN FRAZIER

\, hen the storm hit, on October 29th,
'V all the Staten Island ferries on the
water were on the Staten Island side.
One ferry was in drydoc'k; the seven
others had been tied to piers near the
St. Gearge ferry terminal. At shout five-
fiftcen in the afternoon, the hawsers
began to sap as the surge lifted the boats
above the piers. Scon the plers could not

down the share, ald dock pilings thirty

feet bong with two-foot-long rusted iron
kes that showed the marks of 2 black-

's hammer were ﬂox’jng in and

ng the lower windows and doars

2 hoawry apartment complex called Bay
Street Landing. A few bundred yards be-
yond the apartments, 2 hundred-and-
dg:‘m'»t—aufoot-lcmg tanker ship, the

tongue, the Verrazno-Narrows Bridge
gives the idand its only highway connec-
tion to the rest of New York Ciq—xn:{
not an ideal one, because the bridge de-
posits incoming traffic on the Belt Fark-
way ar the Gowanus Expressway in dis-
tant Bay Ridge, Brooklyn. The front part
of the boot, where the hanr would be,
faces southeastward, toward the Athntic
Ocean. Flooding did 2 lot of damage to
the ishind narth of the Vemrazano Bridge,
but south ofit, on the shind's ocean side,
was "h‘n 111 bu! onc O:rlbc fluﬁtic,

Standing in a soggy no man's forest near a beach, I saw the landscape of the bot new world to come.

be seen, and the boats’ crews, at full
Stxng‘h, m.‘.ncl;\'\:!cd (.Llcm b‘.ik ]ni!
forth with the engines so they wodldn't
go aground or arash into pieces of debris

or each other. Fully kit, the seven ferry

Jobn B. Caddell, washed up on 2 small

t\:h 0{ 'Jndc‘(]oF(d :horcli.‘lc :.’ld
ed there.
Staten Ishand has the shape of an

ankle boot. The sole runs along 2 chan-

o-:mnci The starm killed twenty-three
on Staten Isl Lnd, the h:ghc st number
of storm-related
Twenty of them drowned.

deaths in any borough.

“After Hurricane Irene,

Dr. Fritz began a study of what
would happen to Staten Island in
bigger hurricanes.”

“With Dr. Alan Benimoff, a C.S.I.

professor of geology, who had
been examining the changes
since 1898 in housing density
along Staten Island’s Atlantic
shore”
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Hurricane History

* 1635,1638, 1720, 1781, 1811, 1815, 1861,
1888, 1889, 1893, 1896, 1897/, 1901, 1903,
1914, 1920,1927, 1932, 1935, 1938, 1944,
1953, 1954, 1955, 1960 and 1962.
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Intense Storm Surges: NYC
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Figure 5. Storm surge heights relative to modern mean sca level which accompanied the 1788, 1821, and 1893
hurricanes inferred from historic archives and the most extreme flooding events of the 20th century recorded by the
Battery Park (New York City) tide gauge from 1920 to present. The average height of the modern [2002] barrier crest
(2.5-3.0 m) is indicated with dashed lines.

FROM Scileppi and Donnelly (2007)




EUROPE

to tropical
storm

AFRICH

Images from Staten Island Advance

Boats from Great Kills Harbor washed shore during the storm.

or hurricane

and's Atlantic Ocean-facing shoreline with strong winds and devastating high tide.

The great hurricane of 1938 pummeled Staten sl

Northeast appears ripe for ama




Bungalows near the
ocean were no match
for the powerful winds
of the 1938 hurricane.

The protective fence was blown against the side of the former Richmond
County Yacht Club during the hurricane of 1938,

Two boats were tossed out of the harbor and onto

— e e ]

a roadway by the storm surge,

Images from Staten Island Advance
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Extratropical Storm of 1927
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| From Staten Island Museum Archives
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lood street in Midland Beach, Stfaten lsland. A dozen streets in this section were yesterday flooded to a

T depth of several feet. Telephone and telegraph services were crippled. Policemen and firemen in boats
rowed along the flooded sireets to save whatever floating household goods came their way.
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From Staten Island Museum Archives

TMML WAVE BIGGEST
IN LAST 125 YEARS,

‘ Comn'HSSloner C o te S| was cut into the timber and for many
| J ; a tide in the fall ol lmu ood
: - s the peak mark on the pos
Cltes Record m An Amonyg the old fumilics on the
. . [sland, this tide of 51 ¥ § ago was
ClEllt Mlll. {requently mentioned, Commissioner
Cole relates, as the pgreatest that had
That the tidal wave which swept | ever vigited the Islund and many
portion of 1ten Island on | stories were told of incidents at the
was greater than any in more time. However, in the late 90's, he
hundred yea s the claim |say the record of the earlier storm
of Comm oner Charles P. Cole, sup- | wis € ceeded on the ancient guage
erintendent of the bureau of sewcCrs and pointed out Lo all yasttors to the
under Borough President John . | mill as the highest puint ever reached
Lynch. by the water here. Other records
In making this statement, Commis- | show that the tide las bqnuny ex- . C; /. I7,77 . /24/_*
sioner Cole recalls the record of higt u‘('de the hh’.:‘h'.,sl 1’11‘211{ of the one : v 2 - 0
tides kept in the old mill which stood \ : { el . v, v‘/‘( Ly
at the foot of }»u,hm(mu Commis @r Cole pl.ne the date e
A vac, Richmond Valley, which ol the coustruction ox the old mill
built about 1802 by a l-mmvr 01| n'(m;(h pecords kept by his carly an-
atl prandfather, Israel Dis sestor of the amount ot pounds and
w large oak post in the an- ’ spent for liguor ser as re-
. Commissionet Cole su_\'s, reshments to the neighpors who as-
‘4 of high tides gether with | sk »d in the raising of the butld-
Jte thut the point was reac hed,

SI Advance February 23, 1927



From Staten Island Museum Archives

March 5, 1931

OAKWOOD IS AWASH

/

HI"-"II tides swept over Oakwood beach Wednesday

night and flooded the lowlands upon which the
bungalow ecolony stands. Here is how Oliver street
looked yesterday, after the tide had begun to re-
cede. A lake covering mearly a square mile was
formed at the foot of Guyon avenue.




Extratropical Storm of 1932

Established 1836 as the
Richmond County Advanc

From Staten Island Museum Archives
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From Staten Island Museum Archives




RELIEF

® -
3 npelled to go to Greaf Kills, Jig-
OAKWG@B BEA@H beNyville or New Dorp to vote, ac--
f cordggz to the section of Oakwood ™
they \ved in. The resolution would
ﬂsﬁs guiKHEA@ providq for one eiection district for
3 e town,
Agitatbn to have school buses
conti the Beach instead of
Prompt construction of a bulk- 5 st stop at Mill 1'0?”1‘
head to protect Oakwood Heights | @ /. avenue, a ,_hai[-n}lle,
Beach which 'suffered heavily in| £ beach, has been started
Wednesday’s storm Wwas demanded | b} ib. & ;
by the Democratic Club of Oak. } up will entertain at
Wood Heights in a resoltion pass- night, Nov.
ed at a meeting last night. The ha Stapleton.
bulkhead has been promised and
money has been set aside for the
purpose, John Cummings, i
dent, told members at the
which was held at the h
ters, Guyon avenue,
Another resolution ur d the re-fO
istricting of OQakwood Heights.
Q !ast elections resia

26,




THE WEATHER

Cloudy with Probable Snow Flurries
To-night; Tuesday, Fair. Not Much
Change In Temperature.

VOL. XLL

South Shore C:Icmi Under
Water As Tidal Wave
Sweeps Island

BUNGALOWS WRECKED

Destruction, Is  Spread From
South Beach To Prince
Bay

In spite of early reports that one
o0r more men of the crew of the
barge Ambrose II, which s
wrecked on -~ &hore at > . Dorp

Beach, may havé lost their

lives, police of the New Dorp
precinct said carly this morning that
no trace had been found of any
members 0f the crew.

During the night close watch was
lkept along the Island coast for
wrecks or vessels whioh may be In
distress, but mo reports of the kind
have been recelved up to the time of
golng to pre The barge which
has been totally wrecked was wash-
ed high up on the shore by the force
of the waves, and debris Is scatter-
ed about for a considerable dls-
tance.

A flood such as had never been e:
perienced within the memory of the

oldest citizens spread among the vi
rious communities on the South Shore
over an ocean front of more than
twelve miles Sunday morning when

a’tidel wave swept over the low I

ing land and reached points In
ral places more than a mile Inland.
The destruction was greatest at Mid-
land Beach, Oakwood Beach and
while other shore front

The flood came without ‘warning

DAILY NO. 2673

Tntered at Staten lslnnd, N, Y
as second clas matter,

Transit Crippled
Dix Weekend,
evumed Today

Municipal 1 vollies Paralyzed;
Buses S e Situation
For ( ommuters

erippled but rot
16 fury of the storm
that broke over the Island’ Saturday
: ¢ the great part of the
orm damage 1 ‘as repaired and serv-
ice restored o nearly all the line
that were for ed to suspend opera-
tion Saturday
This morn' ig the thousands  of
worke 's tha make up ‘the morn
FRRIIE Xaf & WErE mavediARrSpiEng
but a fev minutes behind regular
schedule f, their destination. All day
Saturday and Saturday night hund-
reds of dnemen and trackme: fought
and yesterday and last night
stored service

Service Crippled Saturday

Late urd: service a the North
Shore by trolley and train was uvom-
pletely paralyzed while the Municipal
trollles, always the first to feel the
effect of storm had suspended opera-
ton on all its lines, The buses by
changing thelr routings on many lines,
were albe to avoid bloclied streets and
nearly maintained schedule throughout
the storm.

The Staten Island Rapid Transit and
the Richmond  Light and 'Rallfoad
service were | particularly hard hit
along the North Shore where twires
of the telephone company, freighted
with ice, went down over the tracks.
All of this damage was west of Mar-
iners Harbor at grade crossings and
along Richmond terra

Power Shut Off

n many places on Richmond  ter-
race the telephone wires were laying
dcreﬁ& the trolley wire and {t was

to shut off power beyond

avenue until 7 a, m, \e<(erdav
morning when they were cleared. The
Rapld Transit lin were similarly
troubled at grade crossings where the
wires, though not layingion the third
rail ,nevertheless the right of
way and blocked and fsolated trains.
Thls henice likewise  was quickly

i

The .\tumupm trollies, were com-
pletely crippled Saturday and many of
the lines are still otit of commission.

Only the icicles hanging down from the r
i this picture of the bitter cold endured by
Laight and her baby as they are being placed

o

A WEEK-END OF

SOHEO009

HUMOR SNUBS §

With the South Shore marooned by | effect ran’ a lege
a raging flood and the inland vas leaning over|
he d ‘wind L section. of the b
ocean, as If to

Hleved by ‘an | any moment. . N

CptImiBa an bumor it wedl dlwetal| inuliation afthee
come mitigation of the tragic note | was accepted by

From Staten Island Museum Archives




Nor’easter of December 1992



Nor’easter of December 1992

Carmens



Dr. Alan Benimoff, a professor with the
Department of Engineering, Science and Physics
at the College of Staten Island, said the South
Shore of Staten Island could be affected by a
storm surge of as much as 20 feet if a strong
hurricane hits our shores.

Mayor sounds

the alarm on
climate change

Bloomberg rébo‘rt

yvarns of more'days of
intense heat, frequent
§to‘rms and rising seas

By KAREN O'SHEA
STATEN ISLAND ADVANGE

It's ‘a chillin

It's g snapshot;
Stlﬂmg heat, drivingpr:i(;ts.
and water levels rising b
lon feet or more, :
* It’s all in the city’s fi
= utur
xrd we do not address ar;g
adapt to global warming, ac-

Bloomber,

¢ 8. But at least o

Egv}roélmenral expert bT—z
ves St i i

i aten Island is.at risk
“If 'we had i

2 a hurrican

his year, there would be a\e

re)mendous amount of dam-

ige because'we have built

Y “Things are in

QE. PAGE A 11

WEDNESDAY, FEBRUARY 18, 2009 STATEN ISLAND ADVANCE All

NEWS

CLIMATE rRoMm PAGE A1

Mayor sounds alarm

on climate change

danger right now.”

Last summer, WildMetro
joined representatives from
local environmental and
civic groups in asking the
city to place a moratorium on
building along the Island’s
coast and in wetland areas

until a comprehensive, pro-
tective plan for those areas
could be devised.

Burg said yesterday that
the. city had had not re-
sponded to the request for a
moratorium.

| A DILEMMA

“On the one hand, we
don’t want to have damage
from flooding,” he said yes-
terday. “On the other hand,
we keep building things in
dangerous places. You can'’t
have it both ways.”

The report Bloomberg re-
leased yesterday predicts
that heat waves, short peri-
ods of intense rain, droughts
and coastal flooding will all
become more frequent and
more intense in the city. The
study was conducted by a
panel of scientists convened
by the mayor.

Bloomberg released the
findings at a wastewater
treatment plant on the Rock-
away peninsula where work-

s were preparing for cli-

e change by raising
Qent such as pump mo-
circuit breakers
§ below sea level

e sea level.

predictions

are 1 Qges pro-

jected I o have

studied thW of

deforestatio S
ing of fossil fue

Dr. Alan Ben -

of Engineering, Sciencé and
Physics at the College of Sta-
ten Island, said the South
Shore of Staten Island could
be impacted by a storm surge
of as much as 20 feet if 2
strong  hurricane hits our

STATEN ISLAND ADVANCEF

The New York City report predicts that sea levels will rise by 12 to 23
inches and possibly more by the end of the century, meaning more
local flooding.

Dr. Alan Benimoff, a professor with the
Department of Engineering, Science and Physics
at the College of Staten Island, said the South
Shore of Staten Island could be affected by a
storm surge of as much as 20 feet if a strong
hurricane hits our shores.




HURRICANE IRENE
August 23, 2011
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NYC DEP IS USING
EXISTING STREAMS
TO MANAGE
STORM WATER
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From South Shore Beach Areas



Fall 2006




SANDY




105° 100°

95°

90°

85°

80°

75° 70°

65° 80" 55° 50°

35°

Hurricane Sandy
22-29 October 2012

30°

20°

15°

e Major Hurricane
s Hurricane
Tropical Storm
Tropical Deprassion
Subtropical Starm
ssmm= Subtropical Depression
- = = \WaveLow
+ + + Extratropical
®3 000 UTC Pos/Date
1200 UTC Position
PRR Minmum Pressure

27

National Hurricane CENTER

600 900

Nautical Miles

90°

85’

80"

75°

70°

65° 60° 55°

40°

35°

30°

25°

20°

15°

MR AR TLAEE A A el ™ VvV 2 i A MA A







Legend

— 12 ft contour line

= 14 Ft Contour Line

\
\

/\ - 256 Sand lane

]
o
=
~
=)
o

GIS Map By Alan I. Benimoff, Ph.D.



— 12 ft contour line

= 14 Ft Contour Line

B 256 sand lane

| [ NYC_HWM1111_interimHi_SurgeArea | <
|

GIS Map By Alan I. Benimoff, Ph.D.



— 12 ft contour line

= 14 Ft Contour Line

B 256 sand lane

- NYC_HWM1111_InterimHi_SurgeArea

1 Miles

GIS Map By Alan I. Benimoff, Ph.D.




Legend
B NYC_HWM1111_InterimHi_SurgeArea

| [ | Miles

§
Y 4

Date: 3/2/2013
Time: 10:50:43 AM
Draft GIS map by Alan |. Benimoff, Ph.D.




Legend
- NYC_HWM1111_InterimHi_SurgeArea

- A_Evac_Zones

B_Evac_Zone

- C_Evac_Zone

| Miles

Date: 3/2/2013
Time: 10:54:38 AM
Draft GIS map by Alan |. Benimoff, Ph.D.

z




Legend
B NYC_HWM1111_interimHi_SurgeArea

- A_Evac_Zones

B_Evac_Zone

| 1 | Miles

z

Date: 3/2/2013

Time: 10:53:49 AM
Draft GIS map by Alan |. Benimoff, Ph.D.




Legend
NYC_HWM1111_InterimHi_SurgeArea

B_Evac_Zone

- A_Evac_Zones

| 1 | Miles

z

Date: 3/2/2013
Time: 10:58:08 AM
Draft GIS map by Alan |. Benimoff, Ph.D.




Legend

B NYC_HWM1111_InterimHi_SurgeArea

- A_Evac_Zones

| 1 | Miles

z

Date: 3/2/2013

Time: 10:53:28 AM
Draft GIS map by Alan |. Benimoff, Ph.D.




Legend
- A_Evac_Zones

| Miles

Date: 3/2/2013
Time: 11:10:20 AM

1.5

Draft GIS map by Alan |. Benimoff, Ph.D.

z




Legend

B Category 1
Category 2
Category 3
Category 4

| I | Miles

2012 FEMA SLOSH ZONES

% i

a4

Date: 3/2/2013

Time: 11:02:08 AM
Draft GIS map by Alan |. Benimoff, Ph.D.




Legend

B Category 1
Category 2
Category 3
Category 4

| Miles

Date: 3/2/2013

Time: 11:07:14 AM

1.5

Draft GIS map by Alan |. Benimoff, Ph.D.

z




Legend

NYC_HWM1111_InterimHi_SurgeArea
B Category 1

Category 2

Category 3

Category 4

| Miles
1.5

Date: 3/2/2013
Time: 11:08:04 AM
Draft GIS map by Alan |. Benimoff, Ph.D.

z




Legend

NYC_HWM1111_InterimHi_SurgeArea
B Category 1

Category 2

Category 3

Category 4

| Miles
1.5

Date: 3/2/2013
Time: 11:09:08 AM
Draft GIS map by Alan |. Benimoff, Ph.D.

z




Legend
B Category 1
Category 2
Category 3
Category 4

E HurricaneZone1

| Miles
1.5

Date: 3/2/2013
Time: 11:18:07 AM
Draft GIS map by Alan |. Benimoff, Ph.D.

z




DAMAGE - Midland Beach

N4 L T
S % 5 R > Gl
/%‘ L N\ %9
Z; % Y
’ 7
4

N
7 - ’Z/’,”._’/@ .///
llll, & ',.\ ( e %
% .‘ W
>,
7N

S
il

IPDA_point_result_v28_20121204_1630EST
DMG_COMBO

. Destroyed
. Major

I Minor

Affected

NYC_HWM1111_InterimHi_SurgeArea

Data from FEMA
Draft GIS map by Alan |. Benimoff, Ph.D.

Miles

Date: 2/25/2013
0 01 02 0.4 0.6 0.8

Time: 6:35:09 PM




DAMAGE - South Beach

N

%
2
10
\
A

T
5O
W
N

AW
A\

2
ZZNZZ 2
ZZNZZ =
22500 £

SN 7A

.\\\\\‘ \t\:& ‘\\:\:\\\\

\3\‘\\\\'\\\&‘\‘§‘\‘\\‘\\
DuSa

5

i

J(.
AN
&5
<
&

ol
\

i",'
5 &
2 S A
Ny \\/’///IZ”IIA ‘e
240, j" 7 './//Z// L~
o PN A )
NS4 g.’(."/ /l\,
% > /

&

Il <7 <
iKY,

VIoN L2

%

2
PR
2 N
%) 2
S XD
N B
Ele ;
NV Y

D

O
)

&

2

NS

Legend

IPDA_point_result_v28_20121204_1630EST
DMG_COMBO

. Destroyed
. Major

/' Minor

Affected

NYC_HWM1111_InterimHi_SurgeArea

Data from FEMA

Draft GIS map by Alan |. Benimoff, Ph.D.
Date: 2/25/2013

Time: 6:34:14 PM

0 041

0.2

Miles

0.4 0.6 0.8




DAMAGE -Fox Beach - Oakwood Beach - New Dorp

X
S
LD
=

%
Q .’f' "

Legend

IPDA_point_result_v28_20121204_1630EST
DMG_COMBO

. Destroyed
. Major

Minor

Affected

\ @ NYC_HWM1111_lnterimHi_SurgeArea

Data from FEMA

Draft GIS map by Alan |. Benimoff, Ph.D. L 1 I IMiles
Date: 2/25/2013
0 01 02 04 0.6 0.8

Time: 6:36:40 PM




SURGE EXTENT FOR SANDY - NORTH SHORE

y 4

. Draft GIS map by Alan I. Benimoff, Ph.D.
rrer 1 1
Miles Date: 3/6/2013 Legend

0 0.05 0.1 0.2 0.3 0.4 h——_— B NYC_HWM1111_InterimHi_SurgeArea




SURGE EXTENT FOR SANDY - NORTH SHORE

s\ J
P Ema tl
= : m= '.ll-l|l -
- ' l .; ‘.-.'-l-“‘“ e X
- o o9 gma | 1o
: L] ' o = = P_ =- ..“.m‘“ .
L] ! .:- =-li : ‘
=a | Q= &
W A H )
B ik | =" & . -
L} = \ I =
" . =§ J"- Bk J‘ t’.n“-'- - ““'- %"._‘
=% NiSie | ¢ =38 AT AT AL XL %3
c) =‘:-"‘ “: .-l‘ ) "l. " | ] — “ ‘=== o ‘ =.‘ L ‘-
8| 5% 3| 2eq |wle Mo, 01T 2.8 g weees | §
=g | =3 Lw | 2OF = R R LT A =%\ & e
;_1=. := = 4 = '-“—=‘ a-l =-II
8 = = El ] u- -
H “‘. :-.‘ ‘- .2 “%‘ = :l‘\i‘ [N (-
"t - e | 9 _ 8 e |!== selell s a2 3 ‘“‘” e 1
ez | BRTCS we | B2 2 lk- = 8| pdans 14 -=\‘ v
St et AN L AR AL RN ARNY == L \ \ |
g ‘: E=h=-=-‘ i "“ J'= “\; '—. oo [ ) . " -I‘I ‘ “ > ‘{
T2 BT pamapnl 8 £ > ware S LA RN |
Eal '.- = " B ‘duese® a2 -_‘- < - a e "
oo f‘-!:. ':‘ l--“.ﬁ-\}.i:‘:.‘ .="=- E"‘-“ . B ’ =|- : =-.“\““”’ “.‘ se
. |-l=_ - 8 ‘— P ased == ;‘-f' o= e ] - .t ‘-_;‘h B
E A 1® g paa® o : g, " ;'
-J- -l _—0 o |® Illl- - 2 ) 8
=iz g -re T\ ac /4
:.‘-“ =g |-= ..."'l'nd. “'\ o
ERRAIETY -4 158 | Veaeg 7 e g = “
2.=07 B 13| Yawgyr "0 gy ® = O\ N
i Lo '-.l" 5 « 4 G u W Tomp| e P0G v’\
.‘ o ..L - 0e | Ta N o,‘,‘ o 2 ‘='\-_-_ ALY 28
— Sl A - év.f?g\!! _ \aafgls ek !" N
Miles Draft GIS map by Alan I. Benimoff, Ph.D.
0 005 041 02 03 0.4 Date: 3/6/2013

Legend
Time: 4:41:51 PM

I \YC_HWM1111_InterimHi_SurgeArea




7 <O

¢
] v, m,
Ly l.—|-- m-ru m.”. - g QHM
et ks | R poel
=8 8| ey g
.ul-num“.-.-._!lll Jh-‘ 8= 3 AH ,|-—|-nn.__-.--v-l-_-__ -
o q--i-lll a a ad P ul z
= enpd =l -
vg 22 qapg 28 ¥ pu?e % g I nn...-..t - 2
o Hu| mlu-.._nl W- 'y CI) -—.— ab 0 l-—-.----.- 11 H_
- l“--“l I-I““ 4 = | IpW “'— |-‘l--l-glﬂl a9 .m W
L iklga8 ST A il y T vdl &
14 o ggon panns Somaoedt ﬁ.—-l‘ 1 soiam gupune - me® e | o -
" guoig® 8 -_-.. st ._.._.-:..l-l
91 ——— .l..nm |y 2
80 jmimnt D _.|...=.=.==..=.==.r.a o
sngnepe? g 8 s’ g Se0neeas’ g
1) R TR 'k
od -—--—-l“ g d8ed® L ".m,
puid of pum | F PLULL guesi® kS
) 5. g —-
ﬁmm- H.-—-u.- “.--u m
e 2y P2 gnt T
opeite 8 = 2 | & i S
=3 <
E.--.:l- .-l-u ._. - w..-__; = s
et IR, WYL T E,z
i ¢ of | B mm 2
A o _.u.m_u.. 28 I
a8 = B uﬂ| EN @34
) 7 ALY -
= = A m -—
_m- .-r- L og u“ B8 [a) m =
25

= ol
||l|lu|' u ¥

=
|
i
B

il &

D =

vl

i U

i
Miles
0.4

!:"“‘

0.3

SURGE E

XT
ENT FOR SANDY - NORTH SH
ORE

0.2

B3 R &
of solt® .._...._ m_v.— d __”..”W.\..“

0 0.05 0.1




SURGE EXTENT FOR SANDY - NORTH SHORE

<13 ‘I“n“m Aty
L HEI -..m—.—&_;_ml_.__ 1} mwmw.
e m—r2lc 2t 1 ¥, ¥ e
LI — ﬂ-.ul..__ .88 33 B2
AE R T AP L
" 1 e Dot
3" e ] \E n_..-.....--l.- o Pt® ﬂlo- tﬂuv/

s = e TSR et 308
Lt | BT e

i B e -
.\tona-.l g Sl |-.w =tws 15 27 - N
‘ootuﬂ w.rm-_ syl Behied e ‘.. .--vl-__-.i- '.--_-l—!?‘ t.

s a2 s : ‘O” e
Iﬂ » =, 2 -\ % O"s s

St A RCLLRE LT ouai i B e
ag | Bdse @ — _-imu.n_m \ o— w..uc“
_ e gpsenatt.’ ﬂw..-.“.n_ LS P R s
© 0 paladliod =2 sam] = 3 0% %]
Ml ETTF L RS \ WS

Cl d's- =—g2td |y 8%

(Tl 1 4 h Hﬂ.. ‘2 Sie o A\ oy

> 09
]

%74

& 5 gy
e, ” ..&0.#: 'y B
" ﬂ o -“ ." H-—-
ve "R 8y g
uay, %5 Ef ™
h!n‘-t-=. “ = = =i}

Legend

I \YC_HWM1111_InterimHi_SurgeArea

Draft GIS map by Alan I. Benimoff, Ph.D.

e L I 1Miles

Date: 3/6/2013
Time: 4:43:10 PM

0.4

0.3

0.2

0 0.05 0.1




Ml 4 Hurricane SANDY Response Imagery

& storms.ngs.noaa.gov;/st

|24 Most Visited @ Getting Started American Scientist Onl... CSIToday The Bulletin i Jones & Bartlett Learni... | MSN (2) { | MSN nagt | Suggested Sites Web Slice Gallery

@ Hurricane SANDY Response Imagery Viewer

Layers 0 v | Hide All Layers

National Geodetic Survey

[+ [_]Base Layers
=] Hurricane Track
@I sandy Track
=) =) October 31, 2012 Fit1
0 [¥|Response Imagery

ﬁ rocessed Tiles

= ownload Zip 10-31 Fit1
= {3 October 31, 2012 Fit2

04[] Response Imagery

%‘ |Processed Tiles
¥ [¥]Downioad Zip 10-31 Fi2

_1October 31, 2012 Fit3
__|November 01, 2012 Fit1
November 01, 2012 Fit2
_1November 01, 2012 Fit3
I November 01, 2012 Fit4
__]November 02, 2012 Fit1
__1 November 02, 2012 Fit2
_]November 02, 2012 FIt3
_1November 03, 2012 Fit1
“]November 03, 2012 Fit2
November 04, 2012 Fit1
1 November 04, 2012 Fit2
1 November 04, 2012 Fit3
__] November 05, 2012 Fit1
__1 November 05, 2012 Fit2
_]November 06, 2012 Fit1
] November 06, 2012 FIt2

L = = - - i i = O

Google !
Help Metadata Contact 3 Map data ®2012 Google - Terms of Use

Response Mobile Web App = NOS Home * Privacy Policy » Disclaimer = USA.gov * Readygov = Site Map * Contact Webmaster

™
3 4:55 PM
Q Y R













At

NS v

\\+i,, e

enimo

<




IRRRRARRNRRERRS

|

¥
|
¥

\\




OCTOBER 30, 2012, Photo by A. I. Benimoff



BTN ST I S

TGS @y T v -
————l P AT
I OV S IWRTAL L\ B ety
e . .



==

OCTOBER 30, 2012, Phot

.
i RS A

o by A. I. Benimoff






BN

ﬁ __JPTHFR UL DI EATH CARE (TR (URAETA MP

OCTJOBER 30, 2012, Photo by A.-l. Benimoff







'; » o4 < bt 4 » S W - : . e Wt ) A i -
\ ". :. . .-'- "' '\'" - ) el - " 9 .~'?.‘- 4 vy 11\ o . - - N --' )()(‘lk‘ ""'t,..
! el S i AR P WV '.Q-"", I AR . N
Imagery Date: 6/18/2010 % 1991 lat’ 40.5]4245‘ lon.~74.085606° elev. 4 ft Eyealt 7585ft O
Graph: Min, Avg, Max Elevation: -0, 4, 8 ft x

Range Totals: Distance: 0.97 mi  Elev Gain/Loss: 4.24 ft, -12.9 ft Max Slope: 2.8%, -2.6%

0.25 mi 0.5 mi 0.8 mi 0.97 mi



Safari File Edit View History Bookmarks Window Help 2 &2 a s = (=D (99%) Fri 743 AM Q
®NOe A Survey of the Flooding in N.Y.C. After the Hurricane - NYTimes.com

[4| J + | @ http://www.nytimes.com/newsgraphics/2012/1120-sandy/survey-of-the-flooding-in-new-york-after-the-hurricane.html?

| 60 m Identity Guard® Yahoo! Google Maps YouTube Apple Facebook | Home News (531)v Popularv Mailv

Ehe New ork Times Surveying the Destruction Caused by Hurricane Sandy Share this on [§) Twitter or [ Facebook e
: : y BehirScreen7shoth8_2

O U &7 B 2013-03)133.28 AM

s
-
.
S
s
%
7

A
4 3

Flooding in N.Y.C.

Regional damage

reen shot
03...2 AM.jpg

R i NN AN
PO SO e
e ~

BrMain370.dmg

Map data ©2013 Google

In the days before the arrival of Hurricane Sandy, few people in New York City Click Flood zone Building colors Ml 6 to 18 feet
ticipated th le of destructi f the st Th h th timated height 5 boxes Approximate are the estimated o 3, ¢
anticipated the scale of destruction of the storm. The map shows the estimated heig o view area rumdind. peak watar deglh
reached by floodwaters, which topped 17 feet in some parts, according to surveys and details by the storm  near building Oto3 DOC
weather data collected by the Federal Emergency Management Agency. 1111987297 351453

~1l.doc

By MATTHEW BLOCH, ALAN McLEAN and ARCHIE TSE; reporting contributed by Joseph Berger, Cara Buckley, Sarah Maslin Nir, Kirk Semple and Vivian Yee




STATEN ISLAND, NEW YORK E E RS

FORT WADSWORTH TO ARTHUR KILL

COOPERATIVE BEACH EROSION CONTROL
AND

INTERIM HURRICANE STUDY
(SURVEY)

U. S. ARMY ENGINEER DISTRICT. NEW YORK
CORPS OF ENGINEERS
NEW YORK, N. Y. 10003

MARCH 1964




L e T | M Gl n= o I —
s i =i e LJ}LEQJD Lt ona fon oaN\pm ool ool ene
\ |l : : mugnmnnsuus \ e o QE_IJ__.-_!L_;LL_l
o . [omo DDDDPUDD io 0 {?,;a goud I
[ o® lon Spg %

1 FINLEY AVENUE

[ .\Leia 70 )

\

T o &

a

SEE FIGURE J2

0L

Ld

=

Do o crralya 10—

HETT AVENUE

o g O i U G

] g 0% Dn
18000 0 ool

ROMA AVENUE

¢ o0 U O

= 0

s A vy e Sy
TYSENS LANE =
EBBITTS ~ STREET

AVENUE

‘H}LA‘C"E]UL[]U

in

GARIBALD!
O [ Nreal

Fill fo &1 50 MS.L
¢ Grade jo Droin

iR

G000 O
J3

Droinage Ditch

o0p gooook

100 g, o0

25" Wide Dune,
€1 150 M.S.L,

on £ olon

o ol00wateR
N 0,00
\‘\

[54+30\)
SEE FIGURE

i

e
=
=

|
et n*‘\gg;:durem

JAN9Y

e T

N - P (T {1 S e o= o T o o b

| Proposed i 3’ r L) - e
Dromoge Struciure |

2=3% 5' Tide Gotes

WE Q Proposed Beach Fiy/
N E W YO Q K 5AY Zulding {o

be K SCALE IN FEET 100 Berm <
by ere) £.90MSL. Drainage Structure
. o 200 400 Stator BOF50
70p of Levee

Top of Beach Fill E SRS L
EIISOMS.L. Puarmp Stotion

2-5:5 73t 4 i i
e Gotes (‘ 513 Tide Gote
Approximale &kisling Ground Surftce

154430




\’\\ PROPOSKD
N\ LEvEE
W \:\(‘\ﬁpﬂ 15,0 MSL,
BT \:\ R
RN R
NN

Fill 1o El SO M. S.L.
— Ueet Exiling Prodective Fill

77
7 >
//'“/L ﬁy; )T SANSEWER

24kt Troe Gares

Proposed
Timber Flume

DOrainoge Structure
Station 49450 —=

Elevotion l
Transitiens

RELOCATED
CHANNEL

[

g EXISTinG |
g DRA,nAG? ! .-'/

! I Dl‘r(‘nti- ‘_‘/ ,/

A VES\ATerRAYEN
< ———~CEDARCROZEASE S il

9"”-5:.3” —_—

N

o G CUlvepr
e

FUTURE SquRE e

W

o fga kWA

e

i
1.

A

e T Lk LI A LA LT ]

EXISTING
TIDE GATES

EXialing Flume fo

2
PeAbrccnc PROPQSED BEACH FILL

PLAN

Scole in Feet
o’ 200

op of levee & Beach Fill

E 150 M.5.L “1

100" Berm

&1 20 M.S.L.

7

NOTE

Dirent Too width of Le vee.:
10 feet from SYation 27440
Varies from Siafion 4440
25 feel from Sfalron 45+04

TYPCAL SECTIQN OF SHORE
FROMT OMIVE AN PER PRELIMINARY
PLANS OF AUGUST 1963 (BY OTHERS)

4 IMSL. {
/X 34 Foaowars™;

MSL ELBO

DUNE AND BEACH FILL
STATION (800)

HORIZ 100

) 10
SCALE v FEET




)
O

/ M e

K — 4
o o] w - - "
o Al = .WT u b 5 ]
w o ) wil -~z w w z
x b W g/ O0|& « 2| &
& @ 4 - = b >
« = nls—"a 2 7 i =3

@

/ n ,

= I >
z | z oS 3 o (&l
3] i 2 <0 |3 = s B
« z S x = S wic <
< i = 2 z = o « =
& z B g 32 y £ S &
q& z =z @ = = / 7
et s
S
< =
& &
N 00
N R
PROPOSED LEVEE i Grod L—
TOP £1. 150 M.5.L. 0 orain]. ! R

SLOPE toK3 \

PROPOSED DRANAGE
STRUCTURE WITH ¢8°TIDE GATE:

PROPOSED GROIN

WIDTH OF LEVEE:

(0 FEET FROM STATION 0400 To STATION 6+00
URIES FROM STATION 6400 J0 STATION 7+00
5 FEET FROM STATION 7+00 [0 STATION 10+00

PLAN

Jeole in Feet
20 4] 200 400

e e e —




Brady's
pond =

Cameron’s

Lake

Stump

Pond, Dongan

;o B W NYC DEP
MID-ISLAND BLUEBELT
g ®) N?.-;ZW%"" A NEW C REEK

NC13 %, Yo
%

%,s’s "4,,\\ NC-18
Vi

Grant City , &
Station &

5
5
&

New Dorp gy «
Station, tide gate
(proposed)

outfall
(proposed)

Lower
Bay

O Proposed BMP Site QO Existing Lower Bay Outfall @ Proposed Lower Bay Outfall
Drainage Area Tributary to New Creek Bluebelt
Proposed Drainage Plan Area Tributary to Existing Ocean Outfalls
w—  Existing Stream
Parks and Open Space (City, State & Federal)
DEP Bluebelt Property (Acquired or in the Process of Being Acquired)

—®—  Rail Line/Rail Station

New Creek Watershed i BMP Sites
Slaten Island Bluebelt Mid-Island Walersheds Figure 4.1-1




| e ot
{ : Reing
' Coumpry Coub
ks b
%vd Rumi N
L
¥
|
sy
NAT R

1

aras )
ARTHUR KILL)

Narrows Quadrangle
1966
Photorevised 1981 (Purple)

5




Data from FI'E'MA',/ 58 /
GIS miap by Alant, Benimdff, PhD// /,

/1

70, Date: 2/16/2013” [ | ||
004023 04 06" 08 e
Miles - |




Storm Surge Extent for Sandy on Staten Island, NY

({ NYC HWM1111 _Interi SurgeAreg ‘ .
q ‘ ~ 7 /
N

GIS map by Aland. Benihoff. PhDy /]

Date: 2/16/20137/ | | |




A

1
i

>
0
o
4=
(@)
L
(a

2012




OBER 30,

x

—=

=







* OCTOBER 30, 2012, Photo b




/‘»'V/
" .‘l" ‘ a
. 'v; |

L4 -

,’{r /"*
-~

Nt D

’;

/“‘

} V77 77 %
e | \ rowd- Yok W s /
{ 77 3 W | D N
/0

Ws

. OCTOBER 30, 2012, Photo by A, I. Benimoff
. an \ ™~ Z. \




OCTOBER 30, 2012, Photo by A. I. Benimoff









Y
Z
0O
Z
<|
[
Z
__|_||_A
=|
~
L
@)
al
<
=

0 02505




OWNNDY 13
R

/’ou. W

(\

2V,
LAY PRPNCNSIISKY /X LK

VI
Z
QO
Z
<<}
—d
Z
__I—Il_ (
=|
N}
L |
@)
al
<
=

0 02505




HILLSHADE MAP OF
- {."' ;o .




— e

HILLSHADE MAP OF STATE ISLAND NY

Legend
I Ny _HWM1111_InterimHi_Surg




o ."’

-

Legend
I NYC_HWM1111_InterimHi_SurgeArea

0 02505




SRE DF

)‘*\\‘\“Q:T‘ -
22\

Legend

IPDA_point_result_v28_20121204_1630EST
DMG_COMBO
Destroyed

Major
Minor
.| Affected
- NYC_HWM1111_InterimHi_SurgeArea

ML LT 1Miles
0 02505 1 1:5 2




Y
Z
0O
Z
<|
[
Z
__|_||_A
=|
~
L
@)
al
<
=

0 02505




OWNNDY 13
R

/’ou. W

(\

2V,
LAY PRPNCNSIISKY /X LK

VI
Z
QO
Z
<<}
—d
Z
__I—Il_ (
=|
N}
L |
@)
al
<
=

0 02505




‘\\\

Legend

Y RN

I \YC_HWM1111_InterimHi_SurgeArea

Mg LT IMiles

0 02505 1 1.5 2




=

Legend
B cCategory 1
[ category 2
Category 3
[ cCategory 4
I Ny _HWM1111_InterimHi_SurgeArea
=20 ft contour line

—— 14 ft contour line

ML LT 1Miles
0 02505 1 1:5 2




_InterimHi_SurgeArea

C_HWM1111
== 20 ft contour line
—— 14 ft contour line

.

Date: 3/2/2013
Time: 2:56:30 PM

Data from USGS and FEMA GIS MAP By Alan |. Benimoff, Ph.D.

Y
.
()]
Z
<
—
D
prd
i
<
(0))
L
O
[l
<
=

0 02505




_InterimHi_SurgeArea

C_HWM1111
== 20 ft contour line
—— 14 ft contour line

.

Date: 3/2/2013
Time: 2:56:30 PM

Data from USGS and FEMA GIS MAP By Alan |. Benimoff, Ph.D.

Y
.
()]
Z
<
—
D
prd
i
<
(0))
L
O
[l
<
=

0 02505




MAP OF STATEN ISLAND NY

Legend

Category 1

Category 2

Category 3

Category 4
- NYC_HWM1111_InterimHi_SurgeArea
= 20 ft contour line

—— 14 ft contour line

Data from USGS and FEMA GIS MAP By Alan |. Benimoff, Ph.D.
Date: 3/2/2013
Time: 2:55:19 PM

0 02505




MAP OF STATEN ISLAND NY

Legend

Category 1

Category 2

Category 3

Category 4
I \vC_HWM1111_InterimHi_SurgeArea
=== 20 ft contour line

—— 14 ft contour line

Data from USGS and FEMA G!S MAP By Alan |. Benimoff, Ph.D.
Date: 3/2/2013
0 0.250.5 : Time: 3:00:44 PM




MAP OF STATEN ISLAND NY

Legend

Category 1

Category 2

Category 3

Category 4
I \vC_HWM1111_InterimHi_SurgeArea
=== 20 ft contour line

—— 14 ft contour line

Data from USGS and FEMA G!S MAP By Alan |. Benimoff, Ph.D.
Date: 3/2/2013
0 0.250.5 : Time: 3:00:44 PM




MAP OF STATEN ISLAND NY

g
0
S
N
4
q
».
%
;
S
L
Q
S
<
]

Legend

=20 ft contour line

—— 14 ft contour line

Data from USGS and FEMA G!S MAP By Alan |. Benimoff, Ph.D.

MJ L L T 1Miles Date: 3/2/2013
0 0.250.5 1 1.5 2 Time: 3:01:37 PM




MAP OF STATEN ISLAND NY

&

g
l‘
S
N
2]
Y
»
7
;
S
¢
X
£l

Legend
I \vC_HWM1111_InterimHi_SurgeArea

=== 20 ft contour line

—— 14 ft contour line

Data from USGS and FEMA GIS MAP By Alan |. Benimoff, Ph.D.

MJ L L T 1Miles Date: 3/2/2013
0 0.250.5 1 1.5 2 Time: 3:04:18 PM




MAP OF STATEN ISLAND NY

Legend
. Category 1
. Category 2
Category 3
. Category 4
I \YC_HWM1111_InterimHi_SurgeArea

w20 ft contour line

14 ft contour line

Data from USGS and FEMA GIS MAP By Alan |. Benimoff, Ph.D.

MJ L L T 1Miles Date: 3/2/2013
0 0.250.5 1 1.5 2 Time: 3:08:14 PM




MAP OF STATEN ISLAND NY

Legend

I \YC_HWM1111_InterimHi_SurgeArea

AR
St Data from USGS

> GIS MAP By Alan |. Benimoff, Ph.D.
Date: 3/2/2013
Time: 2:40:46 PM

ML LT 1Miles
0 02505 1 1:5 2




Legend
B caegoy
I categoy 2
Category 3
. Category 4
B NYC_HWM1111_InterimHi_SurgeArea

w20 ft contour line

14 ft contour line

Data from USGS and FEMA G!S MAP By Alan |. Benimoff, Ph.D.
Date: 3/2/2013
0 0.250.5 - Time: 3:09:49 PM




MAP OF STATEN ISLAND NY

Legend
I \vC_HWM1111_InterimHi_SurgeArea

Data from USGS and FEMA C!S MAP By Alan I. Benimoff, Ph.D.
Date: 3/2/2013
Time: 3:22:32 PM




Legend

- Category 1

. Category 2
Category 3

[ category 4
I \vC_HWM1111_InterimHi_SurgeArea

FEMA
2012
SLOSH

Data from USGS and FEMA GIS MAP By Alan |. Benimoff, Ph.D.
Date: 3/2/2013
Time: 3:23:46 PM




FEMA 2012 SANDY/LIDAR Based SLOSH MOMS

The Maximum of the Maximum Envelope of High Water (MEOW),
or MOM, provides a worst cast snapshot for a particular storm
category under "perfect" storm conditions. Each MOM considers
combinations of forward speed, trajectory, and initial tide level.
These products are compiled when a SLOSH basin is developed
or updated. As with MEOWSs, MOMs are not storm specific and are
available to view in the SLOSH display program for all operational
basins. No single hurricane will produce the regional flooding
depicted in the MOMs. Instead, the product is intended to capture
the worst case high water value at a particular location for
hurricane evacuation planning. The MOMs are also used to

develop the nation's evauation zones.
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Food For Thought



GEOLOGIC MAP OF STATEN ISLAND NY
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Epilogue

Next Atlantic and Gulf Hurricane Season
June 1, 2014 — November 30, 2014

The clock is ticking.....................
Lets have a serious conversation



