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the Hydraulics Laboratory.
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preparation and publication of +this report was COL John L. Cannon, CE.

Technical Director was Mr. F. R. Brown.
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TRIC (SI) TO 5. CUSTOMARY AND

CONVERSION FACTORS, M TO U,
TRIC (SI) UNITS OF MEASUREMENT

U. 3. CUSTOMARY TO ¥

Units of measurement used in this report can be converted az follows:

Multiply By To Obtain

o

Metric (8I) to U. S. Customary

netres 3.280839 Teet

zilometres 0.5399568 miles (U. 5. nautical)

metres per second 3.260839 feet per second

square centimetres 0.1550 square inches per second
per second

millibars 0.01L450377 pounds per square inch

U. 8. Customary to Metrie (ST)

inches 25,1 nillimetres
feet 0.30k8 metres
miles (U. S. nautical) 1.852 kilometres
miles (U. S. statute) 1.60934Y, kilometres
square feet 0. 09290304 square melres
cubic feet 0.02831685 cubic metres
pounds (force) per 6894, 757 pascals
square inch
feet per second 0.3048 metres per second
miles per hour 1.6093k4k kilometres per hour

(U. S. statute)

degrees (angle) 0.017h5329 radians



- AN OPLN-COAST MATHEMATICATL, STORM SURGE MODEL WITE
COASTAL FLOODING FOR LOUISIANA

THEORY AND APPLTCATTION

PART T: TINTRODUCTIOH

1. Three-dimensional partial differential equabtions govern the
motion of an infinitesimal fluid element, These equations result from
Dasic considerations of mass conservation and Newbon's second law of
on. The assumptions involving the incompressibility and homogeneity
of the water, negligible vertical accelerations of the fluid psrcel,
reasonably uniform horizontal flow over the fluid depth, and others re-
sult in the classical, vertically integrated long-wave equations of
motion and mass conservation. Energy is supplied at the free surface,
in general, through the action of the wind and dissipated at the sea-
bed through friction. The system of equations is time~dependent, tiwo-
dimensional in terms of the horizontal coordinates, and readily in-
Tegrable through numerical technigques. These eguations are applicable
Z¢ the study of storm surge generaﬁionl on the continental shelf and
To the degree that the assumpltions are valid, nearshore astronomical
tide simulation.

2. 1In the past, numerical integration of the two-dimensional as
well as the three-dimensional equations of motion have been performed
using rectilinear grids. Recently, curvilinear coordina’cesg’3:’)‘L have
Teen enmployed in two~dimensional models, with particular applications
To free and forced long-wave simulations for large (hundreds of mileg®)
oast stretches of the continental shelf.

3. Open-coast curvilinear models are considered superior to
~ectilinear models because rectilinear models must represent the coast

boundary as a series of stralght-line segments connected at right angles.

table of factors for converting metric (SI) units of measurement to
U. 5. customary units and U. S. customary units to metric (SI) units
is presented on page 3.

L



Spurious oscillations are injected into the caleulation by the boundary.
Furthermore, the stair-step boundary must retain more water over that
natural coastal configuration where water is free to move artificialls
unobstructed and in accord with the forces.

b, The use of any of the previously menticned open-coast models
in simulating circulation and water level conditions is made difficuls
because of the requirement of specifying appropriate boundary conditions.
This Is especially the case in the nearshore region where these models

imulate the coast boundary as an infinitely high, continuous wall.

0

-

This boundary condition neglects overtopping of lov=lying land and bay
communication with the open sea. These coasstal Processes have a con-
siderable effect on the nearshore water levels and fluild velocities.
Furthermore, it is precisely this zone where much environmental interest
is focused and the use of numerical models should prove beneficial,

>. This report describes a more appropriate open-coast boundary

1

condition and presents results from four historical hurricane surges

n

which affected the Louisiana coast from Atchafalaya Bay to the Missis-
sippi River. The boundary conditions is termed the Finite Height Barrier
Coast (FHBC) and is incorporated into s two-dimensional model thst
employs an orthogonal curvilinear coordinate system with telescoping
computing cells. This hydrodynamic model with Lthe FHBC is named

SSURGE III. In a companion report,5 results from other verification

studies of SSURGE ITI are presented.

e
b

6. Three numerical programs'aré fequired for staging the
production of surge or tide computations. The first numerical progran
determines the conformal mapping coefficients for the particular study
region of the continental shelf. The actual coastline, as seen on
National Ocean Survey (NOS) nautical charts, is smoothed relative to
portraying small-scale features. This continuous coastline and a deep-
sea boundary curve (perhaps, following the 300- or 600-ft isobath) are
the input to the conformal mapping program. The coefficients are de-
termined and input to the second numerical program which determines the
computing grid data relative to a particular design by the user. The

grid data are, in part, the input to the SSURGE TTT program. Other




input includes the shelf bathymetry, FHBC data, hydrogravh and velocity
output locations, and other readily determinsble parameters. In actual

practice, the entire process 1s not time-consuminz or expensive.



PART TI: CONFORMAL MAPPING

T. It is desired to conformally map a spatiazl region of prototype

space of the continental shelf into a rectangle in g mathematical image

LI

plane in which the coastline and deep-ses boundary curves are specifi-

I
£

cally transformed into the image plane as constan® values of n.% Fig-
ure 1 shows the details of the transformation.
3
> o , - o . .
8. It can be shown~ that a conformal transformation satisfying

the gbove constraints is

N
T
x(&,n) = £ + &id (Bn sinh nkn -+ Cn cosh nkn) sin nkg (1)
n=1 '
and
N
'ﬂ{‘;\'—"\
y(&,m) =3 +n+ » (B cosh nkn + C  simn nkn) cos nkg (2)
o " 4 ' n n
n=1
where

The N wvalues of Bn and Cn and BO constitute the bi-curve fitting

conformal mapping coefficients. These coelficients are determined by
matching the prototype coastline and ses boundary curves at n = + B,
respectively, B also being a parsmeter to be determined. An iterative
procedure is required for determining 8 and the coefficients.3
Essentially, the procedure is terminated after convergence of B  and
the coefficients or after the transform-generated coastline and ses
toundary curves are in good portrayal of those specified (versonal view
of the user). Typical standard deviation between trans

and prototype (slightly smoothed version) over the 1 ngth of the curve

D

e
is of the order of 2000 ft, This is achieved with ho iterations,

For convenience, symbols and unusual abbreviations are listed and de-
fined in the Notation (Appendix A).
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4. PROTOTYPE SPACE

b, IMAGE SPACE

Figure 1. Conformal transformation mapping prototype space into
image space




=100 and at 4 cost of 9 min of CDC 6600 central pfdééésing time,
furthermore, the conformsl mapping procedure need only te accomplished
once for any large stretch of continental shelf. The computing grids
appropriate to areas within that region are generated dervending on the

o

nature of the particular study, using the mapping coefficients previously

debtermined, The computer cost in generating the grid is inconsequential
t0 the persounnel time required in the grid makeup or assigning the cell—

averaged Tluid depth., The cost in generating a grid covering a rela-

S

tively small extent of coast must be welghed ag
similar high resolution over a long reach of coa
per prototype hour and even more so when numerous simulations are

required.



. - - . PART TTT: MATHEMATICAL

Stretched Shelf Coordinate Sistem
Q. Consider the transform-generated coastline and sea boundary

curves shown in Figure 2. The orthogonal curvilinear mesh associated

with the (&,n) coordinates in prototype space is designated the shelf

coordinate system. The display of that systemr In prototype space is
shown in Figure Z2a and its image in Figure 2b. Ilotice that only a

portion of the entire shelf mapped area 1sg subseguently emplcyed for

long-wave computations. Furthermore, the calcu
performed in the image space because the cells are wnevenly spaced.

te differercing of

bt

Centered computations are a prerequisite for fin
partial differential equations. To provide an evenly spaced compubing
grid end, at the same time, to obtain the desired spatial resolution
with the fewvest possible computational points resuire a second trans-
formation. This transformation preserves the orihogonal property and

allows for the independent stretching of & and o n . The grid re-

computing

sulting from the second transformation is the
grid, Figure 2c. The coordinate system is termed the stretched shelfl
coordinate system (SgT),
10. The stretched shelf coordinate system is generated by in-
dependently transforming the & and n axes in the following manner:
a. Given the nearshore region of principa’ interest, the values of
¥ along the coastline are determined which will produce a con-
stant relatively Tine increment of cozstliine arc length, Sp .
Tn this area of prime interest, the iize BC in Figure 2a,
the constant increment of arc length equal to AS . IHow-
ever, regions AB and CD show that for the same AE as above,
there is a relative expansion of the izer
arc length. The functional relation betveeh & &

Ry

ment of the coastline
5 is

*3'

s = s(s_(g)) (4)

where the expansion of ©§ with restect to 5§ is ified

by an (arbitrary) expression of the Torm

[
"‘o'
o
)_

10
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11.

s =2+ "B (s) " (5)
jo)
wvhere A , B, and C =are constants for each expansion
region (k). TFor the example e 2, there are three ex-—
pansion regions., The ensemble function, k = 1, 2, and
3 , is determined such that at interface points the function
ig continuous and has continuous first derivatives.

Along a particular isoline of & , & , the values of n sare
determined which will vield a constant change in the time,

AT , required for & long wave traveling at the local free
wave celerity to proceed from the sea boundary (-8) to the
oast (B). The long-wave travel time, T , is calculated

by o

where O is the dista
due to gravity, and D
sea level for a standa:
fine grid spacing in t
the deep sea boundary. The relation betw
is given by

nece slong & , g 1is the acceleration
h pth relative to mean
dure provides a
arse grid near
nn 1 and T

7 =27 (s _(n))) ()

The incremental value

s 0of T are determined from Equation 6

subject to the (arbitrary) expansion relat
rt of :
11

n of *\T )
1

which 1s the counterpa:z ly, bhe rela~

tion T(Tn) is a convenlence (seldom usad in applica-
tions) which permits an additional degree of freedom in ad-
Justing the relative spacing beuveen isolines of n . In
most applications, T = Tn and the wvalue of AT is that
which divides the total long-wave travel tlte by an integer
number of lines of n . The selection of AT relative to

the coarse deep sea spacing is based upon a compromise for
providing adequate resolution of the hurricane winds and the
deepwater surge with & minimum number of points., At first
glance, it would appea the T axis for hydrodynamic long-
wave calculations is time; wever, this i1s not the case,
Scale Ffactors relati the tra Doforretlom of n to T are

a
involved in the eguatiocns resulting in dimensions of length
for the T indepe ﬁdent variable.

1

[
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with a finer resolution near the coast than at the deep se
The expansion curve, S(Sp)3 stretches the alongshore reac
while maintaining a finer grid in the area of principal interest.

this manner, an economy is achiewv

o
&

d in terms of the nurber

uired for long-wave simulation.

a boundary.

N

n of the grid

In

il
J4

grid points

eq However, because the preferred ex—
pansion curves dictate the locations (in prototype space) of the fluid
depths required for the long-wave calculations, the depth field must be
redefined for different combinations of stretching functiocns.
Governing Ecuations
12. The vertically integrated form of the guasi-linear long-wave
o . . , . A .
equations in a Cartesian system is well known. The appropriate forms
of these equations in the stretched shelf coordinate system are
Trang e martiim 9 't" =)
Transport (momentum) equations
BQq gD 3
i S .
e QL A B e (H - H) =T - g 8)
ot QT Fuo8s ( B 5 S (
s P R I (9)
T Lt o T i e I - 1 =~ U
ot S v a7 B T T sl
and
Continuity equation
T N C I e )1““ (10)
et = KA - B -y -
at 241 u as s v T T
T - R
2
where & 1is the volume transport per unit width (units of length™ /time),
v 1s the wind stress divided by water density, ¢ is the bottom
frictional resistance stress divided by water density, is the
Coriolis parameter, g is the acceleration due to gravi H s the
sea surface elevation relative to mezn sea level, D is the total



instantaneous depth of water (=H - DO),» Do the water depth relative
o mean sea level, and HB is the hydrostatic elevation of the sea
surface corresponding to the atmospheric pressure anomaly. The in-
dependent variables are time (t) and the Qoordiﬁate (S,T). The terms

., ¥ and Vv are variable scale factors associated with the trans-

)

formations. It can be shown that F is nondimensional and given by

1/2
ox\ (o)’
.o 3 N 2 Y . )
i3 5% T (11)
Tne u and v scale factors are
35
95 " p i
T8 38 (12)
P
and
on asp arPn
V< Rs 3 aw (13)
n 7

It can be shown that u(88) and v(8T) have the dimensions of length.

2 . . - .
urthermere, F Uv corresponds to the Jacoblan of the transformation
h

A = jf/Fgw as 4ar7 {1k)
R

<
oy
o))
3
g
>
l_‘
[63]
o
=

e area of a closed region in prototype space whose
corresponding area in the computing space is R (see Figure 2 for
details). This relation assures that all area enclosed by the limits
ot the curvilinear grid in prototype space is accounted for in
the computing space by use of the scale factors.

13. The kinematic wind-stress components Tq and Tp are re-
lated to their x,y component counterparts (Ty, Ty) at a given point in

rrototype space by



T, = T_ cos & + 7 gin 0 (15)
S -
and
T, = ~T_ 5in 0 + T cos 0 167
0L x v S ( ;
where
-1 {93y/3 .
8 = tan ,_:L/__._g_ ( 17 )
9x/9¢
The relation between the wind stress and wind speed at a reference
anemometer level (usually taken near the water surface) is taken as
i ) p
. a
T=KW o, K= —(. (18)
o d
W
where o is air density and op is water density, C is a non-
a W d
dimensional drag coefficient, and WlO is the wind speed at an eleva-

’

tion of 10 meters above the water surface. The value of X 1is taken ag

6

1.1 x 107 , if Vg < 13.58 knots

O —
. (29)

j o]

) -6 . N
\ 1.1+ 2.5 (l - 13,58/W10).J10 , if WlO > 13.58 knots

This form for X was usged in previous studies.”’

of various results relating Cd to the wind speed at 10 meters is shown
sure 3. As reference, the dashed line in Figure 3 shows the C(3
relation based on Bquation 19 with pa/pW = 00,0012 . In the middle

in i

o]

to low wind speed range (say, less than 60 knots), Fouetion 19 is
representative of the data. It is this range of wind speeds that were
used by Reid and Bodine6 in studies of historical storm surges in
Galveston Bay. Wanstrathg, on the other hand, in studying three higs-
torical storm surges, each in different coastal regions, computed
coastal water levels in good agreement with observed conditions using

v
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Eguation 19 and estimates of tThe wind furnished by the Hydrom

cal Section (Hydromet) of the llatiocnal Veather Sei

Oceanic and Atmospheric Administration (NOAA). Th

ranged from 95 to 120 knots. Zowever, the current und

s
eoe

ing of

orol

nal

~

the surface winds from hurricanes cbtained by aerial reconnaissance,

iz ns, and sophisticated v
marine boundary layer m(‘c&eb}(ﬁy is that the surface winds
are not as severe as sequently, with liberal
the maximum winds, a drag coefficient at high

et

3 necessary. The procedure does provide good surge
denced by these and previous siudies. Actually, all

yal

Tindings of hurricane surface winds.

1. The forms of the szesbed frictional res istance ©

) T\a )
il
and
X Q
o
g.om o= Q
ik h? T
D
where

1/2

and KO is a

the seabed condition and water depth. For typical seabed condi
I VT

1

2

o . el8.025)" (D%)_l/B
o a2
(2. 49)

wnere

3

s
)
o}
A
O
o

= 0.25 ,
= 1.0 , if 0.5 <D < 1.5

2.0, if 1.5 <D < 2.5

g d

<
i

and all depths D and D¥ szre in feetb.

coefficient

numericael

resulits

Sgd-

previously reported

that

en-coast surge models are subject to recalibration given the recent

erms are

(20)

(21)

(22)
depends on
tions,

(23)

(24)
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I

Recursio guations

15. The numerical analogs of Eguations 8-10 are based on centered
difference approximations of all terms. The algorithm treats the time
dependency explicitly and employs compubing lattices as shown in Fig-
ure 4, The recursion equations require two tinme leVels to complete the
cyele. H values as well as HB and 1T are computed on the lattice at
time level n . This lattice also contains the permanent storage data
of D , 06, X , and Y vhere X and Y are the x and y grid

o g . g g g
re L

coordinates of H points. TFor a reference index (I,J), the

The

QS and QT are computed at AS/2 and AT/2 , respectively, from

he H point in the positive axes direction. t

ovuted on the lattice at time level =n+l . For smsll time steps, At ,

it is dinconsequential that 1T dis computed at n and spolied at n+l .
furthermore, T 1is computed at H wpoint locations and averaged with its
neighbor in the S and T directions, respectively, for determination
and T, . These approximations for © are a result of efficient
stilization of computer time and memory considerations and can be shown
through numerical experiments to be accurate,

16. Consider that the transports are known at time level n-1

and the H field is known at time level n-2 . The recursion formula

Tor interior grid H points is

H(T,J,n-2)

..
[
<
[
N
il

?_A'tEF A1,3)04(T,3,0-1) = 7 (1-1,5)0,(T-1,3,n-1) |
U o o) i

MfASuH(I)i: (1 J)—gP

H

where T , J , and n indices express the S8, T , and tinme

18
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u e Ty o

and F.. are the point values of F from Equaticn 11 determined at Qg

" [l
QT , and H points, respectively, My is the point value of u from
Equation 12 at SI (typical H grid points in S direction), Vg ig

the point value of Vv from Fquatlon 13 at TJ {typical H grid points

in T direction),‘and Mf is the map Tactor relating prototype length

coordinates, respectively, At 1is the numerical time step, F

i
Y

(feet) to x,y units. The simulation is initiated at n = 1 with all
transports and previous H field equal to zero.
17. Given the H field just computed at jevel n  and the previ-

ous transports, the recursion formulas for interior grid transports are.

Q. (1,5,n+1) = +

U
[ ]

&1(1+1,J,n) - H(1,J,n) - EB(I+1,J)n) + HB(I,J,n)]

2Atgﬁé
- e
M ABGOUU( )F L\L,J)
+ éﬁ“[TE(IﬁJ,n) + TE(I+1,J,n% (26)
G S o
S I R
and
Q. (T,J,n-1) OANLFQ,
i T S
Q <£9J3n+1) = a — o
T T
EAtgﬁi{ﬁ(I,J+l,n) - H(I,J,n) - EP(I J+1l,n) + HB(I,J,n)]
- M ATGLV (a}-v\z J)
+ (ﬁ} [T}g(z,g,n) + T[u JH1 n)] (27)
III -
where
65: QSENLavun)~DOU{LJ)+IMIW,n>m1%CgJﬂ (28)

20



D= O.5[H(19J+i3n) - DO(I,J+1) + H(I,J,n) - DO(I,J)] (29)

Qg :[0.25 QS(I,J+l,n~l) + Q. (1,T,n-1)

4 0 (T-1,3-0,m-1) + (1-1,0,0-1]] : (30)

J

{

)
i

H
(@]
N
\J7

k

sil NERNE Y 1/2/&~— 2
G, =1+ K Qq(I,J,n—l)1 +\ G D

fwl O .
{

[}
i
i__l
+
.
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u in a similar manner, 1s the point value of u from Equation 12 at
U 5 5 & =
S, + as/2  (typical Qy erid points in the 8 direction), v, is the
point value of v from Equation 13 at Ty -+ AT/2  (typical QT grid
. . . . . H q H . .
points in the T direction), T, and TT are the wind stresses in
)
the S , T directions, respectively, which are computed at H points,
a m
ol X
and X £
o

N KO are the seabed drag coefficients compubted from Foustion 23

with D in Equation 2U given by Do and DT , respectively.
P .

Boundary Condition

N

18, TFor closure of the system of

3

o
o
3
o

xquations, the open se

lateral boundaries require specification appropriate to the hurricsne-

induced surge computation. Many different continuum type boundary

conditions are reported in the literature. In principle, it should

21




not metter which of these is used. If the compubing grid is of suf-
ficiently large extent, the soluticn in the central part of the grid

near the coast should be insensitive to the particular one used. A

! -

o

beral boundary condition which is also used in SSURGE IIT

is
BQS
== 0 (3L)
9

The sea boundary condition is that the water-surface elevation 1s placed

1ibrium with the atmospheric pressure anomaly

H(T,1,n) = #_(T,1,n) (35)

2long the lateral and sea boundaries, the transports are computed using
medified forms of Equations 30 and 31. The modification is to compute
en average value using only the two adjacent interior points.

19. It has long been recognized that the coast boundary condition
plays 2 major role in the nearshore hydrodynamic solution of the govern-
ecuations. Most open-coast shelf models (whether curvilinear,
rectilinear, finite element, implicit, or explicit) treat the coast as
finitely high, continuous wall. The use of numerical modelg in
simulsating circulabtion and water level conditions is made difficult be-

cause of application of such a condition. The coast boundary condition

develoned and incorporated into SSURGE IIT is the Finite Height Barrier
Coast ¥BC). The FHBC provides for the overtopping of low-lying land

2 communication with the open sea.

20. The FHBC condition ig to allow for potential ponding areas

273 of the shoreline. Figure 5 shows the concepltual design of the
and adjacent bay. The bay is shown to be of several incre-
nments of AS  din length., The coast flooding routine permits a volume of
water To be transported across the nominal shoreline which is dependent
uron bzrrier heights, predicted water level at the coast, channel en-
trance characteristics, and the water level in the ponding area, H,_ .

b

T

ine is applied at the H time levels as shown in Figure .
& o

MPh o et
e rouv
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1. A prediction/correction method is used to compute H(I,JM,n) .
P g s M,

The vhilosophy is taken that the coast barrier as viewed by the long wave
¢ I N g

is essentially a wall over much of the time of surge developnent, re-
flecting the majority of the long-wave energy. This results from the

consideration that long-wave reflection occurs when the wave experiences

a significant change in fluid depth over distances that are small rels-
. L 10,11 .- \ .
tive to the wavelength. ° The typical nearshore bathymetry combined

with coastal barrier elevations assures that the ccast is essentially
a wall which leaks water.

22. +The pr“QAleOn/COKICCb¢OH method is to first assume total
reflection at the boundary and then to correct trat predict
based on a finite height coast. In this manner, the method provides a
smooth transition from the time-dependent circurstances where the
boundary is not flooded and no corrections are rsquired to the cata-

strophic flooding coast., Other relations for predicting H at the

pas
O

s

ot

coasgst than tha otal reflection were considered, In particular,

a water-surface slope projection method was testzd. Resulbts of these
tests show the method to be inappropriate for surge simula‘tions.b Other
tests lmply that the slope projection method is zpplicable to tidal
(free wave) simulations.

. , + R
23. At time level n , the water level a2t the coast, H , is

- L ; oo ! -+ a + L3
predicted, If the water levels, 0 and h% , exceed the minimum
[
P

height of the coast, then a volume of water is transported across the

nominal coast for the time interval, n-1l to n+l ,

i Bubmerged barrier

P e .

vi = QCSDhAtAle,A\ngDhI (35)
wher
D, = Ho- " (36)
prE = rE oL i (37)
C C



Cg is a nondimensional submerged barrier coefficient taken as 0.
& . k+1 L ok SRl
LC and L are lengths of the ccast at elevations Ab and Zb ,

respe tLlevg and the direction of +i ermined by the sign

L

he flow is de
off D (positive means wvater is removed from the coastal cell and
placed in the ponding area). Barrier heights per AS section centered

t

[

U}

on H poin are discretized into unit elevations (k). The length of

the coast at each elevation is obtained from topegraphic maps, beach

&
surveys, etc. The total volume of water crogsing the submerged coast
is the summation of Eguation 35 for ¥ = 0O s 1...X where X ig the
integer of the lesser of H+ o7 Hb .7 Considering large ponding areas
and high minimum cosstal heights, this volume is gzenerally small

compared with that which is transported through channels or whi

section of the barrier, These

topped the exposed (on one side

-

barrier equations reilect the assumption that frictional e

i LOCbb ar e

)

lominant in the bottom layer which is continuous azcross the boundary.
2l. For the overtopped barrier, the volume of water crossing

the cecast is

kK %
\[B e \/FJDA ALJ Q!

Y ©

isdl

where
; At k ;
— Hb ., 1T H < Zb < Hb
Df = (39)
b
K P k -
qiH - Zg s Af db < %b < H
Ytl\
Cn  is a nondimensional exposed barrier coelficient token as 0.2 and the
Girection of flow is determined by the sign of . The total volume

of water overtopping the coast is the summation of Eauation 338 for

ey -
k= 0,1,... ] where M is the integer of the greater of H or H, .

S
\J1



25. The volume of water associzted with channel communication is

+
gli’ - H | +WD gD (40)

where

i
e al
e

<
|3
[}
4
e

\
)
jans
3
Q
fomped

o

A\

(@

(h1)

¢
L
, 1f H < 0 and Hb >0
ot .
, 1 H < 0 and ﬂb <0 i
WC is the channel width, C_ is = nondimensional channel discharge
i

coefficient determined for ezch entrance, A is the channel cross-—

sectional area at mean sea level, znd the s

observations are avallable

opening to the zes

where AS is the surface area of the bay at mean sea level, T is
the tidal period, HO is the tidel range outside the bay, and B
a nondimensional bay parameter tThat is dependent on the response (HO
Oor phase lag. H_.L is the tidel range inside the bay. The bay parameter
as a function of regponse or
26. Consider that 1
flooding) are knoﬁn at time

level n-2 vwhere A ig the

of that
1 . Yal N}’
representative of H

The

by the appropriate sum of V,

volume to the surface area of the

AI , Provides the incremental tion to the predicted coastal water

level to conserve mass. This is stored in H(I,JM,n) for use in
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the transport computations at level n+l. The new value of Hb at

level n is ﬂb at n-2 plus the incremental water-level change

s
Tam

)

al
f

from the instantaneous and even distribution of the entering volume

evel n-2 ,

fort

(the sum for all eppropriate AS segments) on L. at

From Hb at n , a new bay storage area is obtained. The above is

repeated for each ponding area and its designated coastal segments,

Hurricane Wind and Atwmospheric

27. The hurricane wind and atmospheric pressure models as given

1 . . . . .\
by Jelesnianski 3 are employved in the surge studies with some minor ad-

ditions. The x,y-wind components for a stationary storm at the H grid

W
R ) . ;
w  om o [ sin ¢ - Y - o Fir. L
Yx rq[(g X) sin ¢ = (Y, - ¥,) cos ¢lrlay) )
and
Vi
— __,,_\_ —_ @ D . - Y \ %i I
Yy T [<Xg Xg) cos ¢ (Yg el T ql)]_(rﬁ)
wvhere
5 5 1/2 -
= - + - ] Lk
ry [(Xg X)) (Yg Y )"l (hh)
- 3/2
E..}l 7 £ <
Ry » M Ty Sy
(45)
{R 1/2
R, ’ . . ,
N s AF T i'RH
Ty

the wind ingress angle

n

WR ig the stationary storm maximum wind, o 1

reflecting the inward flow relative to that wind vector tangent to the

a
isovel, RH is the distance from the storm cente (X , ¥ ) to region of

e
naximum winds, and x and Y are the (x,y) coordinates of H grid
g > - .

>

28



points. The translation of the storm provides an alteration in the wind

field. The x,v supplemental wind components due to storm translstion

are
== ! o3 U+ T i ! \r._ L
tx (fx cos U Ty gin p)C(rﬂ) (L6)
and
t o= (o in W+ s U)G(~
, ( T osin ¥ Ty co v)((,ﬂ) (L7)
Vhere
(48)
(L9)

TX and Ty are X,y components of the forward speed of the storm ard
o is a rotation angle used, primarily, to fine tune the aligmment of
maximm winds. For standard operation of the wind model, o is set

equal to 90° + ¢ . The X,y~-wind stress components for a roving storm

are
N\ 1/2
2
T :K< + w) W (50)
b4 x v
and

1/2
. = K (Wi + W2> W (51)

where

= - 50
Moo=+t (52)
Vo o=w +t (53

Ng v Ng 53)




and X 1is given by Equation 19. The stress

shelf coordinate sysbem are

in Eguations 15 and 16, In an alternate manner

W T

W ~W

%

sin O + W cos
y

where 8 ig given by Equation 1T and W, and
o

nents in the (8,T) system. The

1/2

OIS

T

and

r

< -
N

li

W

T Wy

[92]

28.

dynanically coupled) with the hurricane wind

The surface stmospheric pressure fie

3

where P is the central pressure and P_  1s

Tt is often observed that relatively high winds

after the storm has proceeded inland. Through

o+

it is found that reasonably good comparison bet

93]

Py

W,
4

and computed winds is obtained by setting
storm center is from the coast, specifying
the coast and setting o
such that the maximum wind region is along the
allows slightly longer simulations to be
would be permitted otherwise due to poor

R in the pressure expression (Equation

H

30

components

determined by applying Equations 50 and

{measured clockwise 7

wind-7ield portrayal.

in

2

<

T
v
i

stress components are

(@)Y

ST
-]

d associated (but not

]

o

(58)

the far-field pressure.
remain along the coast
numerical experiments,
ween observed (Hydromet)
to be the distance the
to be desired winds st
rom the storm movement)

coast. This procedure

perforred after landfall than

However,

58) is not allowed to increase.



If this procedure is followed in the numerical program (it is optional),
b is held constant at a value RETT in nautical miles (n‘mi.) after the
time of storm landfall (THIT) which is input in hours after the start of

the simulation.

29. The various program parameters that are used to generate the
IR I
lda,

wind and atmospheric pressure fields for Hurricanes Flossy, Hild
e

Betsyjl and Carmen are given in Tables 1-L.
winds from Hurricanes Hilda, Betsy, and Carmen were the normal roubines
modified in the above manner. This is seen by noting the number for
THIT. TFor comparison, the compubed and observed (Hydromet) wind field
at selected times are presented in Plates 1-3 for Hurricane Hilda and in
Plates L-6 for Hurricane Betsy.

30. The term HB in Bguations 8, 9, 26, 27, and 35 is computed
in feet of water by

H, = 0.0328(P_ - P) (59)

&)
w0
=
[
M
m
o]
iy

where P named PIT in Tables 1-L, and P are in vress
oo 5 o X

nillibars.

parameters can he

following

the same procedures. This procedure probably results in a liberal esSi-

mate for W, . BStorm surge simulations for forecasting purposes typi-

R
cally involve storm parameters of track, P_ , PO » and RH . The
only other necessary input for this wind model is Wﬁ . This can be
determined from the correlation of a few severe historical storms where
Hydromet has estimate Wﬁ and that value which is predicted by the
Standard Project Hurricane (SPH) me'thodl7 using only the required fore-
cast storm parameters. A cursory examination shows that the ratio Wp
to wmaX(SPH> is probably in the range 1,2 to 1.3. This approach is
sugges&ed only as a temporary solution. Actually, & dynemic marine
boundary layer hurricane model is needed that is independently cali-
brated to several storms of record and verified against even more
historical storms. This wind model is comparable to the treatment of

the physics of the atmosphere as SSURGE IIT is to the hydrodynamics.

3L



PART IV: HURRICANWDLS FLOSHY, HILDA, BzT5Y, AND CARMEN
SURGE STUDY

32. Hurricanes Flossy, Hilda, Betsy, =

Louisiana coast from Atchafalaye Bay to the llississippil River.

Hurricane Flossy is the only storm in thig stud

that paraslleled this
coastal reglon with subsequent landfsll near Penzacola, Fla. Plate T

shows the location map, the four storm tracks, end the computing grid.

ssigsippl River delta region and the levees are ginulated

as nonovertopping barriers protruding from the cosst in the manner shown

in Plate 7. TFor three of these hurricanes, raromet has estimated

the surface wind fields at various storm locaticns 1h,15,16 Information
about Hurricane Carmen is from perso Joe
Pellissier, National Hurricane Cent Tt is
noted that the storm tracks as observ other weather

burezu offices as noted in poststorm damage survey reports of the U. S,
Army Engineer District, New Orleans (NOD), and from the NHC in-house
historical storm track record are, in most cases, somewhat different—-

particular, the track of Hurricane Flossy as 1T crossed the

o

[ d

e

i
k/‘

ssigsippi River delta and Hurricane Carmen as it approached Lake
Charles, La., in which the storm was decaying (£:11ing) rapidly. The

NHC record except

H
O
fald
1y
[

rm tracks presented in this report are

chk

sto
hat the track of Hurricane Hilda prior to landfell is moved 6 n.mi.

to the east and the track of Hurricane Flossy in the Mississippi

River reglon is a compromise between the NOD report and. BHC.

e area information and

33, Six discrete ponding areas with

ta

HBC data are presented in Table 5. Flood Region I is from Marsh Is.

ot

o Point Au Fer Is. and bounded inland by elevatzd railroads or highweys,

spoil banks of canals, bayous, or other waterwsys. Flood Region IT

is from the terminal point of Flood Region I to wine Is. and bounded
inland by the spoil banks of the Houma Navigation Canal to the east and
Bayou Chene to the west and highway U.S. 90 to tze north. Flood
Region ITT is from Wine Is. to Belle Pass and bounded inland by the

Houma Havigation Canal, Bayou Lafourche to the east, and Bayou Blue and

=3
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om Belle Pasg

e portion of U.3. 90 to the
to Barataria Pass and bounded inland by Bayou Lafourche, Barataria Bay

— °

Plood Region V is from Barabarie

Waterway, and U.3. 90 Lo the

River levee and Dbounded inland

Waterwsy which closes with the levee near New

Orleans, La. Tlood Region VI is from the east bank of the Missisgippi
Rlver levee to the entrance of Lake Borgne following the seaward extent
ad U.S. 90. Al
or natural alluvial
banks associated with nave the ter TO {lows

Trom one flecod region

P .
coastal

tiong is

a
‘[.J

envelope and observed high-water conditions is vresented in

veak value of H and

Tabie 6 for coastal areas.

the observed conditions for esch Tlood “ngo“a The observed conditions

are taken from the HOD poststorn which is presented in Plate 9.

“he comparison of computed and conditions is not as good as

should be expected.

!

envelope" refers to peak surge

35. The term

water elevations along the coast regard to the

currence. Whereas, the computed ccastal waber-level enve
peak water level from the time-reccrd made by the supervosition of the

at a particular location without

expach tide and the

regard to the time of its occurrence. It is more difficult +o compare

e

- - [ T,
computed H

S AL, T P 1 3o
7ater ievels because the tide

L

b

cannot be sim

model would compute barrier elevations

and surge levels (rel »sl)., The result is an crroneouns

coastal

Y oy . o - S
8 Jeszer degree, also for

tation for H,




surge. However, for small tide ranges such as exist in the Gulf of
Mexico, the computstions T the open-coast water level are rapresenta-~
tive of the superposition of tide and surge. This problem can be, in
general, avolded 1f the tide function is input at the sea bvoundary and
dynamically computed along with the surge. It ig recommended that this

should be pursued when a generalized predictive tide function appropri-

~

he water—-sur:

ace topography together with the depth-averaged
veloecity field for a wall and flcooding coast boundary in O-hr intervals
over a 30-hr period. The role of the lMississippl River delts in limit-

free transport in the continental shelf waters is clearly seen

series of the above snapshots. The effect of a floc

1 L

relative to a wall is seen to enhance the onshore-directed
water in the nearshore and not-so-nearshore region. This

in more sea sediment and suspended material transported to (end over)

the coast than that computed in nonflocding open-—coast models. The

principal surge area occurs at Caillou Bay as seen in Plefes 12 and 16,

which show the surge envelopes. The coastal barrier in this area is
typically a beach berm, generally less than 3 ft in height (msl). Con-~
sequently, significant flooding occurred from 180 (Z referring to

Greenwich Mean Time), 3 October, to approximately 0300Z the next day.
e . [N ; - ~ .
ihe winds at 0300Z, 4 October, are directed more slongshore, forcing
vhe inland surge to the east. The highest observed water level of

9.8 ft occurred inland, to the east of Caillou Ray along the Houns
2 o

Favigation Canal. It is

f
2 wall and flooding coast conditicns (Plate 16

3 ft. This difference, although seeningly small, reflects a significant
d

ing the coast is inconsequential to that volume entrained in the near-
shore open-sea clrculation. Consequently, water can be removed from
the coast and be almost instantzneously replaced without significant
effect on the nearshore water level, The circulation pattern, however,

is greatly changed due to the flcoding.



for coasval

water~level record and thalt computed (Superposition of

d tide the National Ocean Survey tids table)

egentaed in Plates 17-10. in oscilla-
the computed hydrogracn et Biloxi,

scillation is characteristic of. an

rom the trapping of batween
et RBiver levee

levels in this region do not exhibit such

shown in Plates 18 and 20. Plate 17T showvs

in open~coast surge computations--t} >F prover wind

5;

fl

Before storm landfall, the analytic

11y ¢>routed winds

o
Il

Is. are glwzys directed

o the water. MHoreover,

good agreement with the observed; however, improvement

pected with a betbter wind model. Plate 21 presents

wvater levels as reported in the poststorm SULVEY .

surface topography end velocity field comparing a wall and flooding
0 boundary are shown in Plates 22-26. The effects of the flooding

boundary on the nearshore water levels snd currents are most dramati-

3. Without overtopring, the wall condition

ki

N ok
)

I

aily demonstrated in Plate
in excess of 18 £t at the corner betwesn the east

corsh area,

wall, The velocity fields are cons

again, the enhancement of the onshore velocity



boundary. Plate 23 also shows that eginning to

levee. Plate 2L,

develop on the western side of the Migsis
3 hr later than that snapshot in Plate 23, shows the developed surge in
this area while to the east, sustained relatively high water is con-
tinuing. Plates 25 and 26 show the decreasing surge and the reentrance
of the water from the ponding areas.

39. Tables 10 and 1l compare the computed and observed high-water
levels for coastal and inlend regions, respectively. Furthermore, ob-
served and computed hydrographs at two coastal locations are presented
in Plates 28 and 29. The hydrograph locstion in Plate 28 is to the left
of landfall. The problems associsted with the computed large drawdown
~have been -discussed previously. No presurge water-level anomaly is
added to amy of the computwd results in any study reported herein,
although after viewing the observed hydrograph at Biloxi, it may seem
appropriate, The vesults from this surge simulaiion, more than in any
other presented in this report, show the necessity in treating the coast

as a finite barrier. The comparison of the computed and observed water-—

level conditions are in excellent accord. Plate 30 presents the observed

. 21
high-water levels as reported in the poststorm survey.
40. Hurricane Carmen occurred in September 197k, Snapsnots. of

the water-surface topography, together with the depth-averaged velocity
field for a wall and flooding coast, are shown 1z Plates 31-33. The
principal surge developed between Caillou Bay and the entrance to
Terrebonne Bay, as shown in the surge envelope (Plate 34), at approxi-
mately 09007, 8 September (between the time of Plates 31 and 32). The
surge does not develop in Atchafalaya Bay until 1800Z. After this
time, the forward motion and location of the storm are in question due
to its rapid decay. Since the surge developed in East Cote Blanche
Bay during the decay stage of the storm, it is viewed as fortuitous
that the pesak computed and observed water levels are in good ag reement
(Plate 35). The phasing of the peak water levels at Luke's Landing, |
La., is in poor agreement probably due to the storm proceeding faster
on the track than that used in the simulation.

L1, Plates 36-38 present computed and cbserved hydrographs at

36
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PART V:

43, The development of
linear, open-coast storm surgs mod
reats the coast boundary

broken with bay entrances The

ment of submerged and exposed

L. Results of four storm surge simulations are presanted in

wiich observed and computed conditions are. compared. del results

nost favorably with thoss obhserved. T height barrier

,‘J
e
)
}_i-
[}
I_l
ot
(1

4
@]
o
eg}
o
D

wch does indeed improve the hydrodynawmic 7 havior in the
nearshore regilon of the open coast bub does nol prove an accurate pre-

tation of

sen f inland flooding levels where local wind setup is
Other techniques are rzcguired utilizing the resul

the open~coast model for accurate inland flooding

avallable dataz, a tively low value for the wind drag

high wind speeds is used. This is necessary to compen-

sate for the liberal estimate for the maximum winds. In hindcasting

dions, it 1s not guarantesed that the same procedure 1s used for

estimating the maximum wind. The wind model employed in these surge

simulations from historical storms regulres Jﬂo"c of thc maximum wind.
The problem can be resolved ty using & wind model based on the physics

of the marine boundary layer that will provide a wind field as a result
of dynamic meteorological comoutations. It is recommended that such
model be obtained (as they do exist) and incorporated into the hydro-
dynamic flooding coast model. The resulting composite mos
woild be appropriate for both forecesting and hindecasting ead involve g

drag coefficient reflective of the currently available data.

L5. The following recoms

porating a dynamic wind model It can be shown that the
astronomical ti do distort i predicted cozstal and iniand flood-

>r levels when it is not incorporated into the dynamic computations;

that is, equivalent results are not obtained by the superposition of



and tide and that simulation where the tide is

sea boundary forcing condition. For the east coast

th large tildal

be Included in the computation. . The results of

they cccurred in Calf
of Mexico waters

predicti

shelf be incorporat

clents are reported or can be develop

These should bs invest
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6

6.1 n.mi. East of
“aast Timbaliler 1.

Bay Champagne

Southwest Pass Ent.

Quarantine Bay

Pointe A La Hache, LA to

Point Pleasant, LA

Breton L.

2.0

9.6

[o)
.
<

3.7

10.8, 11.9, 12.1

L._‘!__l
O D
PR
~ W
v e
H]._.\
|
[N
O W
e ey

e

.
s

b2

Adjusted for astronomical tide.
#%  Furnished by various oil companies and by the Freeport Sulphur Co,




Table 7

Comparison of Computed and Observed Inland

Jigh Water Levels for Hurricane Flossvy

o
=
[
e
e
>
[

et

csissippi
ood RBegion 5
000 Regl

6w9£ks 7“3kk) 8. 0#&%

§
§
s

Flood Regions 1 - 4 not f

* Not adjusted for astronomical tide, %
%% Observations were | along ndward side of coastal é
barrier. i

T Observatlons were located along sourhwest side of Lake Borene g
- v L oAl - A NEE R o Lkt e E




Table 8

Compaxison cof Computed and Observed Coastal
High Water Tevels for Hurricane Hild
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Location
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at Euagene I,
(sw7/o floodi

2.

Lake

Pelto, 2.4 n.mi. Landward
from Ent. to Terrebonns Bay
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(w/o floodin

fast Side Bavataria Bav near
Gulf Ent,

Southwest Pass,
River

Quarantine Bay at Ostrica, LA

(w/o floodi

River - Guif

(w/o
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{(w/o f£loodi

N
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{92
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(ot

coast,

4
o

6.8

o Ny ey (i
ng coast,
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5.0
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ng coast,
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floodiang coast,

w
(WS

4.3)

7.4

4,4

U
o
~

o~
N
o

bo4)

4,47

4.6
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Table 9

Locatrion
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Atchafal
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to Barataria Ray,

lood Region IV
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Levee,
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Table 10

Computed® Observed

Coastal High W High Water

_ Loca Level (fr) Level (fi)
-

hast Cote Blanc
Lukes Landing, LA

o
= D
e
b
<
o
rt
~
A
w
B
Co

Grand 1, 7.2 8.8
(w/o flooding 7.4)
Bast Side Barataria Bay 8.5 7.6
Gulf Ent, (w/o flooding coast, 9.8)

West Side Mississippi 6.2 to 12.2 5.7, 7.4, 7.7,
River Levee; Empire, LA, (w/o floodi 0 8.8, 9.2, 10.4
to Venice, LA 6.2 to 146.,1)

Fast Side Mississippi 12.4 to 15.2 13.6, 13.7,
River Leves; Pointe A la (w/o flooding coast, 14,4, 14,5, 15,

12.8 to 23.1)

che, LA, to Ostry

R
B b M
(@]
by

FasinN
=3
"
o
=
bl
o]
3
o2
o]
-
o]
(=%

Z

v

Gulfport, MS 9.0 (Approx.) 106.7

s,
ot
"3
[

-

Biloxi, MS 7.6 8.6

% Adjusted for astronomical tide,



Table 11

Computed? Obsie
Inland High Water High
Location Level ¢

Archafalaya Bay, 0. 2.9, 3.9

rlood Region I

Houma Canal)

;
rrebonne~Timbal 1.8 2.8, 3.0, 4.3 |
H
¥lood Region 1IT
i
Bayou Lafourche C.5 3.4, 5.4
2

ke Borgne, 7.1 6.4

5.3, 8.8, 9.1,
Flood Region VI 9.3, 9.1, 10.7,

11.0, 11.7, 14.4

o
{
(=

3

o
[0]
-

:
i
i




Table 12

Comparison of Computed and Observed Coastal

High Water Tevels for Hurricane Carmen

Com
Coastal High 3 ar
Location Level (ft Level (ft)
East Cote Blanche Bay at 4, 3% 4.5

Lukes Landing, LA

Atchafalaya Bay at » L 5w 4.9

Lower Atchafalaya Rivar

Atchafalaya Bay ar 3.8 3.7

Yugene I, (w/o flooding coast, 4.0)

Grand I. 4.7 4.2
(w/o flooding coast, 4.,8)

nt. - 5.1 5.7

Gulf (w/o flooding coast, 5.4)

Biloxi, MS 4.0 4.5

(w/o flooding coast, no change)

Caillou Bay 9.2 Mone
(w/o flooding coast, 11.6)

fnt. Terrebonne Bay 8.7 Hone
(w/o flooding coast, 11.1)

#* Adjusted for astyonomical tide.

time of high water occurred after 120(
water level is approximate because the stru
1200 €8T is uncertain due to its rapid deca
at 1800 CST 8 Sept.

CST 8 Sept 1974, The
icture of the storm after
7. Computations en

’\\
©
~
D



Table 13

and Observed Inlaad

Hurricane Carm

Computed?
Inland High W
Location Level

3 Ly

. 3

4.0, 4,8
. 3 3 .
o 3.8 3.3

LRI NG

N

oAND

[CR

LD

L s

k

. oo

O™ e
e
B
[w)
«

0.5 None

1.4 3.1
Leves,
Lake Borgne, 3.4 5.0, 6.0

flood Region VI

o

% Not adjusted for astronomical tide.
#%  Computed bay level rising at end of computation.
Table 18.

ooinote *%







e 8 1200

20 M M
=)

£ CHARLES

\V}/(;/.’,:,"E/UM
£

=

1)}3,.-4 rcfus:r.? ;

SIANA COAST SURCG
ALL TIWME REFERTNCES ARE 1 GMT.
URFACE WIND CONTOURS A HURRICAN L

ARROWS SHOW WiND DIRECTION |

URFACE WIND F

200 MRS, 3 OCT 1854

i i e e




BATH OF sy2dCANE HILDA FROM
1200 FP, 3TCT (354 TC /800 HR, 4 OCT (954
\i e 1300

SASLAKE CHARLES

u{

. \K‘ SAJ/M ; GRAND LAAE
ATy <) ) RS SY o N
g - _J/L\ o A NIW ORLEARS
; R A \/}/\ 5 LAKE SALVADCR K /
_— RN i
<R (e
¢ f i — / L&IKJ AT CHAFAL AV m/
/ i/
i \ ] \ /
; | \
; \
5 | ;
i . ;
i \ S \\\
3
\\ R .
+ ~ +

\\i ‘L\i VNE f‘:r\gm

10 ) 15 208 M
= o =y

NEW \)"U ANS

LAYE SALVARC: \mm ) (

o

LOUISIANA COAST SURGE STUDY
NOTE: ALL TIME REFERENCES ARE IN GMT e A
SURFACE WIND CONTOURS ARE IN KNOTS, HURRICANE HILDA

ARROWS SHOW WIND DIRECTION. ANALY TICAL /\ND OBIERVED
SURFACE WIND
AT 1300 HRS, 3 0CT 1984

/
in
3




e

S GRANT L AKE
K +

*7

T

AN

LAz 54 Lg.zzo;: ,»;:/ \:
‘ o

FAoLASE CHARLES

NOTE:

ALL TIME REFERENCES ARE IN GMT,
SURFACE WIND CONTOURS ARE IN KNOTS.
ARROWS SHOW WIND DIRECTION.

LOUISIAMA COAST SURGE STUDY
HURRICANE HILDA
ANALY TICAL AND OBSES
SURFACE WIND FIELLD

AT 0800 HRS, 4 OCT {94




§OBEAUMINT

e et e

f\\é A\L,( { EL, Al

PATH OF HUR2ICA
DODI H? TO 1250 M

AKE CHARLES

GRAND LAXT
/p:é
T

SAZINE }
PO"_H ) ’ Laxe ?B
a7 sy
b

LOUISIANA COAST SUR

GE 3TUDY

NOTE: ALL TIME REFERENCES ARE IN GMT.
SURFACE WIND CONTOURS ARE IN KNOTS. HURRICANE BETSY
ARROWS SHOW WIND DIRECTION . ANALY TICAL AND OBSERVED
SURFACE WIND FIELLD
AT 0000 HRS, 10 SEPT 1985
PLATE 4|




UMM

35
A

<

YinD DIREC

PATH
0vGY £

AMD L AXE

!
H
t
8




[ e e e

H

ZON M
: PATIH C
: 0020 #2

. SARNE L CRANL
Frosgrd fans C2yA
A w

FORT
ARTHURS

&

- <
/A“_‘B/’ kN })Q LA
-
N
i -
{ = , //' N
i
i
i
? .
| b~ +
|

LOUISTANA COAST SURGE 5TUDY
NOTE: ALL TIME REFE o e
SURFACE WiND TOURS AR Ts. HURRICANE BETSY
ARROWS SHOW WIND DIRECTION . ANALYTICAL AND OBSERVED
SURFACE WIND FIELD
AT 0400 HRS, 10 SERPT 1085

PLATE 6



g o e g o e g O g e 0

oo
3%

Gruvoa &

1L eiBren e

0T GHYME

N \\1
.\‘\ L6/ Lo 4
AN § D
.C HivesT N

AN \,COvE
N, p#ESE! LTS O W 052 04 ¥ 0500
/.. #1057 ASLIE Fiwd




;- BILOX]

(/ s
. < LANE
Y, S PONTCHA

"
NEW ORLEANS

A f”?é/ C D
\ A7 O
el s WA
O 20 40 50 P

DISTANCE ALONG MiS5)
DELTA, A-D, t

e FLOOD COA
s WALL COAST

12
NOTE: COMPUTED SURGE MOT ADJUSTED
FOR ASTRONOMICAL TIDE

-

) L.

290

P

Lt

o

- O

[

S sr

=

S

o4l

Ll

1.

O

o

2 2r I

0 I
L=t g Yi=a3 1=52

o N I 1 ] T« L oA it t Il ) o
00 120 140 150 200 220 240 28 300 320 340 330
DISTANCE ALONG COAST, N.Mi.

NOTE! %X HEAVY LINE REPRESENTS MISSISSIPPY LOUISIANA COAST SURGE STUDY
RIVER DELTA LEVEES, NUMERICALLY I, R
SIMULATED BY TRANSPORT = 0. MURRICANE FLLOSSY

IR Qiad I rgtetN
SURGE SIMULLATION
STORM SURGE ENVELOPE
FLATE 8|




“lumte St

|
|
|




ALIZOTIA CEOVU3AY HL

L2 “8NOLNDD 32V4HNS ¥3.

ONZEO3T

—— RS

~

Y O

3 AVE S /
v S s - T y
S \ 5 \_\,.\,\w\\ea n...v .
i TS
Lo £ . S
{ eoavavs 2y Sy J,\\w,d\,.a
S gt Jusm G
TTUAIAEY, Rl
- T aN e -

P T
WNOS Ol [+] ol

ERA A

10



i

WETICR N T ey o iy o3 0
HIEGLO0 €8 " COoEt bl
e
<L
—d

Y SHILLIC TV

SINGD 3DV

i
i
i

% Lo
T sy Tr Iy Ly

-

—
—

—
—

-

——5T
fﬂme\ LS50 # et OL FGSI (D0 0% D021
HOdS ¥T TNV SISSTIH 42




lddiSSiS!

LIDOTEA QIOVUEAY HidE O,

12 “8N0LNOD IOV4UNS YILV Tm/xou oMo — -

ACNLS ZOHENRS LSVED WNVISINOT aNZOFT

Sdd 01 §

§

)
i
i

t
i
i
{
i
'
i

o
s
I
1 e B
\

|
/

/-
/
/
!

\ — — — — - -
\
T ———
: ~g/~. /
e
/
Tt e - ™
Y e O e T e e e
& e e

A T _\\ Jn\v \ﬂ

e

r\.\,\,l\/f YT onvdd

-
i Aoy 7 \ m e
N 3 \\ SIMWYHD ¥ 1a

TWT
el (,J//

2
\\
\\\
——
™
e L emsssTmmmomn
o8t o »f wnoz ol e e
FEEL LO0 F UK 003 0L FIE! LIC £ YK GO aATVoS

OIS FTUH INVIUGYNH 40 HIvd




ALIDOIIA GIOVEIAY HLg3g EEVOD ONIGOOTS  ~-—

ASYOD 1TV e
A8VOD ONIGOCTS — =2 =~
15v0D 77
BER
£
i
i
o
- N
e
. ——
; -
v \\\\l\\l\\
— b
— —
e
b,
_ g
T P

o
INIGY S

i FIYSLEHILNOS | =y
/»J 2T ;)

v <

SITYHD v




e JOVHIAY HigagtEVOD ONIGO0T S
ALIDCTI3A GROVYN ECES Ry
s TurOL s o JASYOD SNIGOOT
L: “WNOLNOD 3OVSUNS HILYM T 1Sy S

[NERER

AQNLS 328N

%
N
y ,\\WU&GB& 795 Brv7
4 .y

INYT GNVUS

SIRVHD TNV L

—
—
b
e ) A T T
v\\-l\\\\n\\.M. inNG2 [l o) o1
ool & 96/ 150 # G 0081 OL 7951 100 € "6t 008 3Tvo
o/ 0L 1 ERL20

AOHS YATH INVIYENH 2O HIVS

J2Y WL TTIY
P
v
N
SWOH LV SH1id2

£ 14

PLAT



b S D WD Y
ERSTRER IR

NS e

2ioN
L5vED —
ALIDOTIA Q3OVEIAY Hig3aPEYED D

L4 TMNOLNOD 3WVAUNS ¥3

RECTE el \\J
vy i
N

SITEVHD

MNOZ

#96;

9091 G1




6+

{

0

DISTANCE Al,,()NG [%H

REL MSL

FT

DELTA, A-D,

S——

LAKE
ONTCTHAR 7

ST.L HIGH WATER MARK

LAY

FLO0OD COAST

wALL CCAST

”'W‘JDL) £D
OR ASTRON

SURGE NOT ADJUSTED
M (xC/\L TIDE

NOTE: ¥ HEAVY LINE R

RIVER DELTA LEVEES

s
180

22 O
TANCE AL

bes
200
Dis

NTS MISSIS
. NUME PICALLY

SiPPY

SIMULATED BY TRA\IJPOQX =0.

.
240
LONG COA

SIANA COAST SURGE STUDY

ANE HILDA

LOULS

FURRIC

SURGE SIMULATION
STORM SURGE ENVELOPE

PLATE

16




o

v/

£l AT

£

WATER

!
[

NOTE:

o

PROSRAM

TIME OF 0 HRS

20
TIME, HR

LOUISIANA

4

o]




e
o
Q.
"y

=
3

g

REYA

1Y

14 “NONLYAZTIE HILVAM

EY \,\
g,
o
\ -
\
] Y L N [
- ol o) o
1]

[
5

|9

3

30

3
o

o

W)

Lo
=
V]
O
(@]
<
ol

1S =

¢ HR

CF

PRCOGRAM TIME

NOTE:

PLATE 18




YOSl L20 2 LWS 00T = QUM O 40 IWIL WYEO0Ed  3U0N

T INL

o
i

ALY

3
B

14

-,
YA

5o
A5

A Y
i)
3
§
i
¥
3,
%
‘s
l\l\)

\3
\\ “

!

o

S

P e

. e, & g
77 —— e .w»raayaﬁ.x& “a yw,f s o
e = i\a\\\k

oo
T
—

A s
s, T
Ny o~ = -
% ST G100

E 19

PLATE




WYEO0Ed

78] 130 € LD CO¥PZ =SuH 0 30 3N
e gl Gt g ]
{ [ { I i
L4 9p =HILVYM HOIM I9VSH G3AMISH0 ILON
e, \
N
™~ ;
. /
- /
CN /
S —
™ o,
g, —
e,
o
™
~ v
. \c.gl.siexv. TN L -
GILNGIOS - pd
N—

P

od

A1

HILVM

ENY

1S 1EY L4 CNOLLYA

20

oy
L

PLATE



tugape duipens

L

o3 Buigeiny

VEHBAIIE crqam gl

ebnd waisa

2

0o

-~

-

LYNGY wDLIxe

preted

cunds

i
i

Ct~
AT

W

R ERRTER R

FRR I SR




S
Xomg™

Fvers oo o f
- P \ w

$96¢ LIS 0 "4H 0037 OL ¥H 5000
MOHS ASLIE INVIYENIH JO HLYS

/ \J/

/
AN
OONY/

AWD N FYY SIONIHISIE I
O HF:)LMY(\Q\. A9 CELY
33A3T /ﬁ_.JuD

<30 TV I3LON

SWOH LV NI MY SHL
ALIDOTIA QIOVHIAY IE-@ELSU SHIAOOTS e
TEveD Sy e
?m<ou SHIGOOTE ——& —~—

L18YED TIVM e e
NEGER

L4 “YNOLNOD IDVAUNS mmrxs,\._M




ERT—.

SO

WA

EWLL TV

ALISOTIIA GIOVHBAY Hid3gHSYO
15

o 30vauns yaLv] SV

Ll G o

§$961 LdI5 0 ‘yr sot O
VOHS ASLIG INYIILY

DI
o]

-
[

PLAT



ALIZOTIZA CIDVYEZRAY Hid3Q

L4 “YNOLNGD 3DV4UNS VELVMY

£96/ LJIS O ‘g 00Z1 0L YH 0000
HOYS ASLIZ FNVIIYLNH JO Hivd.

\

T onvuoe ®

(LEVOD SNIGOOTA
l LSVOD TTivm
:
{

LEW0D ONIGOO0TY
8 LEVOD VM

[Shixiok
e e e O e T
0
TSI e T T T T s e e ST
-
A
! \&\\MM./
o -

SITYYHD Iy nss

Rt i

WNOZ Ol o]

ERCAS

A
+

PLATE 24




ALIZCTE

A CG3IDVU3

SR

85/ L3S 0 ‘W 0081 CL wit ,\(LQ‘\\/
HWOUS ASLFE INVIISINH 4O HL Vel /




OO}[

T - d
Sdd 01 3 o 5
ERA2oN

\AMJ

T summ

+ IHVT ONYED

3(&.\ »\F,\,\)\\‘

m.mﬁ\h.m\\u%.\u\ﬁx\_\\.gw\p\.&»\ QQQU\ /
POYS ASLIG INVIIHENH J0 Hivd

‘

,n

ozl

N O.N i

NG

2

i

AT

L
i



kl
L
[
15
-
'R

LEVATION,

URGE &

NOTE:

w

¢}

DISTANCE ALGNG w1

DELTA, A~

SPGRH

o,

PONTCHARTR,

£ ALONG COAST, N

Mt

ATIONS




(o)

b
¢7]

S

)
]

i
co

SIANA

)

it

O

3

0y
o

O

of

: —d

k - 593

b [te)
&

IRES

-
H

(@]

RAM

(%]
IS TN L4 TNOILYAETE HALVA o

0.

.
P

NO

PLATE 28,



&0
ot

L3
v}

]
of

Gl

iy

(e

3

S -

O

PLATE 29




kA VA {e i

S
VIV

9B Lg 28 $v-8 ALLEE ENVIIdEn

asan
YL VI I

vy

FRLA

[T )

LT
sfuufcuvﬁ

RS TE PR TR P |

oy

Ceana Buisixs

[P IR EE S R Y A ATV P T

Burgaiu

ey radvmin

anaon




AT

R R Y

TSINOH LY !

(LSVOD ONISOOTS  ~e—
{ ASVCD M [
! 33 e ASYOD DNICOOTS = Z e
CLNOD 3OVAUNS ¥ILvM| Loven v ooerT

ONIOIET

ALIDOTIA QIDVEIAY Hid3

3

:

/

i e
: ¢ o ¢
i

FIDANDS [ o
O

NS

0030 nV/
JO HLZS \eCovz




LNo

ATV
1dIS SIS SN

GILSYOD ONIGOOTA  ——

ALIDOMEA QIDVHIAY HLLEG

I isvod - —
. e
ENOLNOD IDV4ENS nurquFm/mw<ou A

GNE93T

e o e e ()G o

o
-

d / BHYT CHYID
F V ~N
" AN

LR

$L8] LSFS & 'Y 00FT GL HH 0090
OGS WNINSYD FNYIIGYNIH SO HiVs

PLATE 32




o

Fa g

i s

ALIZOTIA CHOVUIAY RiJ2

14 WUNOLNGD ITVEUNS u

e e s i

e

ol o o G

e e O e e

o-—""

B

)
0iNDS
b g ;
vy )

(o3

e

“TE 33

PLA




RONTCHAR

f/_/,:

TER ar L',"/,',/51,4/_ IER
BAY

[y

1
~T

FLOOD COABT
WALL COAST

2

COMPUTED RGE NOT ADJUSTED
l A FOR ASTRONDMICAL TIDE
T

o

N

URGE ELEVATION,

N

I:”\j

N ) ey S

IS
100 120 140 150

ROTED 3% b Y LiHE REPRESEN LOUISIANA COAST SURGE STUDY
RIVER DLLTA VELES, NUM

SHAULATED BY TRAMSPORT = 0.




PLBY LdTS L UWD 00 = SHH O 40 ENIL WVHSOHd 310N

i
o g os cz oz g o1 g o
! ; i i { | i 7 8-
— -
T TN
i i —— Ay
/ R
w ; % —t -
7

LY

=
o

!
1 e

4 'NOLLYAITE o

1

13

T
(4]




YNVISIN

vist L

d3S L 'LWD 0021 = SuH |

ve oy
oy se oe sz ce St i g
i ] ; i ] H T i
P

: AN

i Y

w A}

§

H //

m Y

: 4

) 3

y

i 3

n 3

.

H
: ——
: ™
; h
: ~ \
El Ii/ /f o B,

S s y I N ™~
GILNGWOD —>] ~ - A
R /

" oo

!
!

w,
.%7/ GIASZSE0

§
;
H

;
{

L4 CNOILYATTIT HILAvA

1Y

ISH

3%

OLATE

F



(@]

Mib
5T [ as) o) Ga ! =
Wt L w ol o - <
m 7 H i H H H
i i 3 i H -
H i i i i

LYWRA

P
e ~

e
o sty im0,
s,




ACMLS ZoWNS LSVWOD vNYISINGT

o
¥
i)
1)
3
3}
I¢}
oJ
<
o
iy
[
!f}
Lo

-

£
S, e

. .
. . e,

Iy / & . -~ ‘//,fof,

i,

A
Y

ULV

RE

e

ANV
NOTLVA

A

w3

1

o,

I

& 38

A

.

{1

H



i o

39

\TE







3
o
|13

ares

pressur

Predicted
for floodir

at the coast

id points




3’13

N

Vvolume transport per unit width in the 8 and T directions or,
iv ‘ in the local direction of & and 1 in Proto-

pe space

hurricane center to H

points

Distance from the storm center to the region of maximum winds
Ordinate axis of the strotched shelf coordinate system
Distance normal to the sesward boundary and along bhe coost

Abscigsa axis of the stretch shelf coordinate sysbem

Long-we Travel time

i J - S N B R T Y " o ' B R
The z and y components of the forward speed of this hurricone
center

The x and vy wind-gspe for a moving hurricane

The maxivum wind speed for the statlonary hurricane

WYind speed at an elevation 10 meters above the water surface
Rectilinear rotoltype space

Lne X Coocr

wrricene center in probotype space

The x coordinate of the H grid points in prototype space

in prototype space

The v coordinate of the H grid points in prototype space

Unit elevavions of coastal barrier as denoted by k = 0,1,2...
The extent of m (+) in the image space of (&,n)

Censtant spaced computing grid increment between dependent
variables in the S direction

Algorithm time increment between compuling lattices

nt spaced computing grid increment bebween dependent

variable in the T di-

The offshore curvilinear coordinate din prototype space and lhe
i he in (g,n)

- o N A M Lo
£ and x axis in probotype space

ihe positive horizontal ezt the region
g rovotype sgpsce and consitroined to equal the

n the in

-

Functions transforming

(3

coordinate system (S5,T)

& and 1n to the stretched shelf



o

stanc

e bions







In accordance with letter from DAEN-RDC, DAEN-ASI dated
22 July 1977, Subject: Facsimile Catalog Cards for
Laboratory Technical Publications, a facsimile catalog
card in Library of Congress MARC format is reproduced
below.

Wanstrath, John J

An open-coast mathematical storm surge model with coastal
flooding for Louisiana; Report 1: Theory and application /
by John J. Wanstrath. Vicksburg, Miss. : U. S. Waterways
Experiment Station ; Springfield, Va. : available from
National Technical Information Service, 1978.

41, 553 p., 39 leaves of plates : i11. ; 27 em. (Mis-
cellaneous paper - U. S. Army Engineer Waterways Experiment
Station ; H-78-5, Report 1)

Prepared for U. S. Army Engineer District, New Orleans,
New Orleans, Louisiana.

References: p. 40-41.

1. Computer programs. 2. Conformal mapping. 3. Hydrodynamics.
4. Long waves. 5. Mathematical models. 6. Storm surges.

7. Water waves. 1I. United States. Army. Corps of Engineers.
New Orleans District. II. Series: United States. Waterways
Experiment Station, Vicksburg, Miss. Miscellaneous paper ;
H-78-5, Report 1.
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