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CONVERSION FACTORS , I~~TRIC (sI) TO U. S. CUSTOMARY AND
U. S. CUSTOMARY TO ~ETRIC (SI) UNITS OF MEASUREMENT

Units of measurement used in this report can ‘be converted as fcllows:

Multiply By To Obtain

Metric (SI) to U. S. Customary

metres 3.280839 feet

kilometres 0.539956 8 miles (U. S. nautical)

metres per second 3.280839 feet per second

square centimetres 0.1550 square inches ~~r secondper second

millibars 0.011450377 pounds per s~iuare ~~ch

U. S. Customary to Metric (SI)

inches 25 . 14 millimetres

feet 0.30148 metres

miles (U. S. nautical) 1.852 kilometres

miles (u. S. statute) 1.60931414 kilometres

square feet 0.092903014 square metres

cubic feet 0.02831685 cubic metres

pounds (force) per 68914.757 pascals
square inch

feet per second 0.30148 metres per second.

miles per hour 1.60931414 kilometres per hour
(U. S. statute)

degrees (angle) 0.017)45329 

radians3



AN OPEN-COAST MATHEMATICAL STORM SURGE MODEL WITH

COASTAL FLOODING FOR LOUISIANA

THEORY A I D  APPLICATION

PART I: INTRODUCTION

1. Three—dimensional partial differential equations govern the

motion of an infinitesimal fluid element. These equations result from

basic considerations of mass conservation and Newton’s second law of

motion. The assumptions invol-ring the incompressibility and homogeneity

of the water, negligible vertical accelerations of the fluid parcel,
reasonably uniform horizontal flow over the fluid depth, and. others re—

suit 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, two—

dimensional in terms of the horizontal coordinates, and readily in—

tegrable through numerical techniques. These equations are applicable

to the study of storm surge generation’ on the continental shelf and

to the degree that the assumptions are valid, nearshore astronomical

tide simulation.

2. In the past, numerical integration of the two—dimensional as

well as the three-dimensional equations of motion have been performed

using reotilinear grids. Recently, curvilinear coor dinates2~3~
)4 

have

been employed in two—dimensional models, with particular applications

to free and forced long—wave simulations for large (hundreds of miles*)
open—coast stretches of the continental shelf.

3. Open—coast curvilinear models are considered superior to

rectilinear models because rectilinear models must represent the coast

boundary as a series of straight—line segments connected at right angles.

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

L _  ~~~~~~~~~~~~~~~~~~~~ 



Spurious oscillations are injected into the calculation by the boundary.

Furthermore , the stair—step boundary must retain more water over that
natural coastal configuration where water is free to move artificially

unobstructed and in accord with the forces.

14. The use of any of the previously mentioned open-coast models

in simulating circulation and water level conditions is made difficult

‘because of the requirement of’ specifying appropriate boundary conditions.

This is especially the case in the nearshore region where these models

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

This boundary condition neglects overtopping of low—lying land and bay

communication with the open sea. These coastal processes have a con-

siderable effect on the nearshore water levels and fluid velocities.

Furthermore, it is precisely this zone where much environmental interest

is focused and the use of numerical models should prove beneficial.

5. This report describes a more appropriate open—coast boundary

condition and presents results from four historical hurricane surges

whi&’i affected the Louisiana coast from Atchafalaya Bay to the Missis-

sippi River. The boundary conditions is termed the Finite Height Barrier

Coast (FHEC) and is incorporated into a two—dimensional model that

employs an orthogonal curvilinear coordinate system with telescoping

computing cells. This hydrodynamic model with the FHBC is named

SS(JTRGE III. In a companion report,5 results from other verification

studies of SSURGE III are presented.

6. Three numerical programs are required for staging the

production of surge or tide computations. The first numerical program

determines the conformal mapping coefficients for the particular study

rec~ion of the continental shelf. The actual coastline, as seen on

~ational Ocean curirey (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 d.e—

terriined and input to the second numerical program which determines the

computing grid data relative to a particular design by the user. The

c~rid data are, in tart, the input to the SSURGE III program. Ot.her

5
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input includes the shelf bathymetry, FHBC data, hydrograph and velocity
output locations , and. other readily determinable parameters . In actual
practice, the entire process is not time—consuming or expensive.
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PART II: CONFjRMAL MAPPING

7. It is desired to conformally map a spatial region of prototype

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

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

cally transformed into the image plane as constant values of ~ .~~~ Fig-

ure 1 shows the details of the transformation.

6. It can be shown3 that a conformal transformation satisfying

the above constraints is
N

= ~ + (B sinh nk~ + C cosh nk~) sin nk~ (1)
n=l

and

= B~ + n + (B~ cosh nkfl + C~ sinh nk~) cos n1c~ (2)

where

O < x ~~~X ; O < ~~~< X  (3)

— 8 < r < 8

The ii values of B and C and B constitute the bi—curve f i t t ingn n o
conformal mapping coefficients. These coefficients are determined by

matching the protot~rpe coastline and sea boundary curves at ~ 
= + ~

respectively , 8 also being a parameter to ‘be determined. An iterative

procedure is required for determining 8 and the coeff ic ients .

Essentially, the procedure is terminated after convergence of 8 and

the coefficients or after the transform—generated coastline and sea

boundary curves are in good portrayal of those specified. (personal view

~f the user). Typical standard deviation between transform—generated

and prototype (slightly smoothed version ) over the length of t;he curve

i s  of the order of 2000 ft. This is achieved with 140 iterations,

~ For convenience , symbols and unusual abbreviations are listed and de-
fined in the Hotati.on (Appendix A).

7
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N 100 and at a cost of 9 mm of CDC 6600 central processing time.
Furthermore, the conformal mapping procedure need only be accomplished
once for any large stretch of continental shelf. The computing grids

appropriate to areas within that region are generated depending on the

nature of the part icular study , using the mapping coefficients previously

determined. The computer cost in generating the grid is inconsequential

to the personnel time required in the grid makeur or assigning the cell—

averaged fluid depth. The cost in generating a grid covering a rela—

tively small extent of coast must be weighed against a large ~,rid of

similar high resolution over a long reach of coastline which costs more

per prototype hour and even more so when numerous simulations are

required.

9



PART III: MATH~ VIATICAL MODEL .

Stretched Shelf Coordinate System

9. Consider the transform-generated coastline and sea boundary
curves shown in Figure 2. The orthogonal curvilinear mesh associated

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

coordinate system. The display of that system in prototype space is

shown in Figure 2a and its image in Figure 2’o. :otice that only a

portion of’ the entire shelf mapped area is subsecuently employed for

long—wave computations. Furthermore, the calculations cannot readily be

performed in the image space because the cells are unevenly spaced.

Centered computations are a prerequisite for finite differencing of

partial differential equations. To provide an evenly spaced computing

grid and, at the same time, to obtain the desired spatial resolution

with the fewest possible computational points recuire a second trans-

formation. This transformation preserves the orthogonal property and

allows for the independent stretching of ~ and of i~ . The grid re-

suiting from the second transformation is the evenly spaced computing

grid, Figure 2c. The coordinate system is termed the stretched shelf

coordinate system (S,T).

10. The stretched shelf coordinate system is generated by in-

dependently transforming the ~ and ~ 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 fine increment of coastline arc length, S
In this area of prime interest, the line BC in Figure 2a, ~
the constant increment of arc length is equal to i~S . How-
ever, regions AB and CD show that for the same ~S as above,
there is a relative expansion of the increment of the coastline
arc length. The functional relation between ~ and S is

s = s(s (~ ))  ( 14)

where the expansion of S~ with respect to S is specified
by an (arbitrary ) expression of the form

10
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C (5)p

where A , B , and C are constants for each expansion
region (k). For the example in Figure 2, there are three ex-
pansion regions. The ensemble function, k = 1, 2, and
3 , is determined such that at interface points the function
is continuous and has continuous first derivatives.

b. Along a particular isoline of ~ , , the values of Ti are
determined which will yield a constan t change in the time,

required for a long wave traveling at the local free
wave celerity to proceed from the sea boundary (—13) to the
coast (8). The long—wave travel time, T , is calculated
by

T =  f  ds (6)

where S is the distance along ~ , g is the acceleration
due to gravity, and D is the local depth relative to mean
sea level for a standa~d basin. This procedure provides a
fine grid spacing in the riearshore and a coarse grid near
the deep sea boundary. The relation ‘between ~ and T
is given by

T = T(T (S (i1))) (7)

The incremental values of T are detI~rmined from Equation 6
subject to the (arbitrary) expansion relation of T(T~)
which is the counterpart of Equation 5. Actually, the rela-
tion T(T~ ) is a convenience (seldom used in applica-
tions) which permits an additional degree of freedom in ad-
justing the relative spacing between isolines of r~ . In
most applications, T = T and the value of t~T is that
which divides the total lang—wave travel time by an integer
number of lines of r~ . The selection of ~T relative to
the coarse deep sea spacing is based upon a compromi se for
providing adequate resolution of the hurricane winds and the
deepwater surge with a minimum number of points. At first
glance, it would appear that the T axis for hydrodynamic long—

• wave calculations is t ime ; however , this is not the case.
Scale factors relating the transformation of r~ to T are
involved in the equati ons resulting in dimensions of length
for the T independent variable.

11. The stretched shelf cc’ordinate system provides a grid system

12
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with a finer resolution near the coast than at the deep sea boundary.

The expansion curve, s(s)~ stretches the alongshore reach of the grid
while maintaining a finer grid in the area of principal interest. In

this manner, an economy is achieved in terms of the number of grid points
required for long—wave simulation. 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 functions.

Governing Equations •

12. The vertically integrated form of the quasi—linear long—wave

equations in a Cartesian system is well known) The appropriate forms

of these equations in the stretched shelf coordinate system are

Transport (r.amentum) equations

(8)

t
+fQ

S +kaT
(} }f

B) T T OT 
(9 )

• and

Continuity equation

~~~~
+ 

~•[ ~- •i~ 
(FQ5) + ~~~~~~~~~~ (FQ.~)] 

= (lo )

where Q is the volum e trensport per unit width (units of length2/time),

• t is the wind stress divided by water density , 0 is the bottom

frictional resistance stress divided by water density , I is the

Coriolis parameter, g is the acceleration due to gravity, H is the
sea surface elevation relative to mean sea level, I) is the total

13
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instantaneous depth of water (H — D), - D0 the water depth relative
to mean sea level, and H

B is the hydrostatic elevation of the sea

surface corresponding to the atmospheric pressure anomaly. The in-

dependent variables are time Ct) and the coordinates (S,T). The terms

F , p and V are variable scale factors associated with the trans-

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

r 2 213~
’2

F = LC~ 
+ (
~

) j C” )

The p and v scale factors are

—~~~~~~~ ID
U 

~s ~s 
12

and 

p

~S ~T
~r1 n n

(‘3)

It can be shown that p(6S) and v(~T) have the dimensions of length.

• Furthermore, F
2pv corresponds to the Jacobian cf the transformation

in the sense that

A = ff~
2 dS dr (114)

• where A is the area of a closed region in prototype space whose

• corresponding area in the computing space is R (see Fi gure 2 for

• details). This relation assures that all area enclosed by the limits

of 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 T
5 

and TT are re—

lated to their x,y component counterparts (T
i
, ~~

) at a given point in
prototype space by

114



T T c o s O + t  sin O (15)S x y

and

T = —T sin 0 + t cos e (16)T x y

where 
. . • -

o tan ’(~~~~~) 

- (17)

The relation between the wind stress and wind speed at a reference

anemometer level (usually taken near the water surface) is taken as

T K ~~~~~
0 
, K

~~~~~~
Ca 

(18)

where 
~a 

is air density and p is water density, Cd is a non—

dimensional drag coefficient, and is the wind speed at an eleva—

tion of 10 meters above the water surface. The value cf K is taken as

1.1 x ,~
_6 

, if < 13.58 knots

K =  (19)

+ 2.5 (~ — l3.58/Wl0)2~l0
6 

, if > 13.58 knots

This form for K was used in previous studies.3~
0 

Recent compilation7

of various results relating C
d 

to the wind speed at 10 meters is shown

in Figure 3. As reference, the dashed line in Figure 3 shows the Cd
• :‘elation based on Equation 19 with = 0.0012 . In the r’iddle

to low wind speed range (say, less than 60 knots), Equation 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 ~ur~es in

Galveston Bay. Wanstrath3, on the other hand, in studying three his-

torical storm surges, each in different coastal regions, cornouted.

coastal water levels in good agreement with observed ccnJitions using

15
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Equation 19 and estimates of the wind furnished by the Hydrometeorologi—

cal Section (Hydromet) of the ::ational Weather Service (NWS), National

Cceanic and Atmospheric Administration (NOAA). Those maximum winds

ranged from 95 to 120 knots. ~iowever, the current understanding of

the surface winds from hurricanes obtained by aerial reconnaissance,

anemometer records from oil rlatforms, and sophisticated numerical

marine boundary layer models
8’~ is that the surface winds at 10 meters

are not as severe as thought. C’cmsequently , with liberal estimates for

the maximum winds, a conserv~itive drag coefficient at high wind. speeds

is necessary. The procedure does provide good surge results as evi—

denced by these and. pre’iious studies . Actually , all previously reported

open—coast surge models are subj ect to recalibration given the recent

~indings of hurricane surface ‘winds.

i14. The forms of the seabed fr:ictional resistance terms are

K Q
(20)

D~and

(21)
- D

where

/ 2\l/2- Q = ( Q 2 +Q j  - (22)

and K is a variable nondimensiorial drag coefficient that depends on

the seabed condition and water depth. For typical seabed conditions ,

2
g (O.027) (D W r1-’3 (23)

°

where

= 0.25 , if I) < 0.5

D* = 1.0 , if o . 5 < D < 1 .5  (214)

= 2.0 , if 1.5 < D < 2 .5

~o i  all depths D and D~ are in feet.

17 
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Recursion Equations

15. The numerical analogs of Equations 8—io are based on centered
difference approximations of all terms. The algorithm treats the time

dependency explicitly and employs computing lutti2es as shown in Fig-.

ure 14. The recursion equations require two time levels to complete the

cycle. H values as well as H
B and t are computed on the lattice at

time level n . This lattice also contains the permanent storage data

of D , 0 , X , and ‘1 where X and Y are the x and y gridg g g g
coordinates of H points. For a reference index (I,J), the transports

and Q~ are computed at AS/2 and ~T/2 , respectively , from

the H point in the positive axes direction. The transports are con-

ciited on the lattice at time level n+1 . For small time steps, ~t ,

it is inconsequential that t is computed at n and applied at n+i~
Furthermore, ‘t is computed at H point locations and averaged with its

neighbor in the S and T directions, respectively, for determination

of T S and TT - These approximations for T are a result of efficient

utilization of computer time and memory considerations and can be shown

thro’~~b numerical experiments to be accurate.

16. Consider that the transports are known at time level n—l

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

for interior grid H points is

E ( I ,J ,c)  = H(I,J,n—2)

— 

2At[F
~

(I ,J)Q3(I,J,n_i) — F
~
(I_ 1,J)Q3

(I_l ,J,n_l )]

~
4f~

SU F ( 1) [L’J~
(l ,J)]

2t~t [F (I ,J ) Q~~(1 ,J ,n-.l) — Fv
(I ,J_1)QT(I ,J_1,n_1 )] -

Mf
ATvp(.T)EFH (I ,J)

~

where I , J , and n indices express the S , T , and time

18
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coordii~ates, respectively, ~t is the numerical time ste~ , , F~
and F1~ are the point values of F from Equation 11 determined at

and H points, respectively, 11H is the ~~int value of p from

Equation 12 at S~ (typical H grid points in S direction), VH is

the point value of v from Equation 13 at T~ (typical H grid points

in T direction), and Mf is the map facto~ relating protot:roe length

(feet) to x,y units. The simulation is initiated at n = 1 with all

transrnrts and previous H field equal to zero.

17. Given the H field just computed at evel n and the orevi—

ous transports, the recursion formulas for interior grid tr.ar.storns are

Q,(I,-i ,n—1) 2
~
tfQ

T(i,J ,n+l) = 
b 

____ 

+

s G~.

2~tg~o [II(I+1,J,n) — H ( I ,J ,n) — T:
3

(:+ 1,J ,n )  + H~ (I ,J ,n)]
— 

Mf /~~G5~~~( I )~~~ . I,J)

+ ~~ ~~ 
+ T

~
(I+1,J ,fl) 1 (26)

and

~T 
(I,J,n—l) 2AtfQ~,Q~ (I,J,n+l) = 
G 

— 

GT T

2~tgD~~[H(I,J+l,n) — H(I,J,n) — :~~(I ,J+1,n)  + !~~(I~J,n)]
— 

M
fATGT\v(J)Fv (I ,J)

+ ~~~~~
. ~~~ + T~ (I~J+1~n)] (27)

where

P
S 

= 0.5[H(I+1,J,n) — D (I+i ,J) + H(I,J,n) — D0(I ,J ) 1  ( 28)

20
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= 0.5{H(I~J+l~n) — D (I,J÷l ) + H(I,J,n) - D(I~J)] (29)

~ =[o.~~ Q5
(I,J+l,n1)  + c-

~
(I ,J,n—l )

- 
+ Q5cI—l ;J—: ,~ — 1) + Q~ (I_1 ,J~n_l)] 

- 

- (30)

= 0.25~O~ (I+l,J,n—l) + Q~ (I,J,n—l)

+ ~~(f,J—l ,n-l) + ~ (I÷l ,J~l,n—l)~ (31)

G5 = 1 + K ~Q5(I~ J ,n_ 1~]~ + (
~~~~2 /2/(~~~~2 

- 

(32)

G
T 

= 1 + 
K1EQT

(I ,J,n_l
~~

2 ÷ (
~~ ) 2 / 2/ (~~~~2 (3 3)

in a similar manner, is the point value of p from Equation 12 at

S1 
+ ~S/2 (typical Qc. grid r oints  in the S direct ion) ,  v~ is the

roint value of v from Equation 13 at + AT/2 (typical Q~ grid

points in the T direction), T~, and T~~ are the wind stresses in

the S , T directions, resDert !-reJy, which are computed. at H points,
S T - - -.. .

and K 0 , K are the seabed -~ra~ coe::icients computed from Equa~ion 23

with D in Equation 214 given h:r T9 . and 
~T respectively .

Eoundaz r Condition

lB. For closure of the ~yot~n of equations , the open sea and

lat eral boundari es require s~-e~ ification appropriate to the hurricane—

induced surge computation. L- ny different continuum type boundary

conditi~cvis are reported in Lhe 1foer atu rc .  In principle , it should 



not matter which of these is used. If the computing grid is of suf-

ficiently large extent, the solution in the central part of the grid

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

popular lateral boundary condition which is also used in SStThGE III

is

0 (3~4)

The sea boundary condition is that the water—surface elevation is placed

in equilibrium with the atmospheric pressure anomaly

H(I,l,n) H
B
(I,l,n) (35)

Along the lateral and sea boundaries , the transports are computed using

modified forms of Equations 30 and 31. The modification is to compute

an average value using only the two adjacent interior points.

19. It has long been recognized that the coast boundary condition

plays a major role in the nearshore hydrodynainic solution of the govern-

ing equations. Most open—coast shelf models (wtiether curvilinear,

rectilinear , finite element, imolicit, or explicit) treat the coast as

an infinitely high, continuous wall. The use of numerical models in

simulating circulation and water level conditions is made difficult be-

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

developed and incorporated into SSURGE III is the Finite Height Barrier

Coast (FHBc). The FHBC provides for the overtopping of low—lying land

and bay communication with the open sea.

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

landward of the shoreline. Figure 5 shows the conceptual design or  the

barrier coast and adjacent bay. The bay is sh~on to be of several m ere—

i~~ nt~ : o~ AS in length. The coa~;t flooding routine permits a volume of

wator to be transported across -the nominal sho~-eline which is dependent

upon barrier heights, predicted water level at the coast, channel en—

trance characteristics , and the water level in the ponding area, Hb
The routJne is applied at the H time levelc as shown in Figure 14.

22
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21. A prediction/correction method is u sed to compute H (I ,Jt .~,n) -

The philosophy is taken that the coast barrier ns viewed by the long w~~’e

is essentially a wall over much of the time of s-.~rge development, x-e—

fleeting the majority of the long—wave energy. This results from the

consideration that long—wave reflection occurs ~:hen the wave experiences

a significant change in fluid depth over distances that are small rela-

tive to the wavelength.’°’~~ The typical nearohore bathynietry combined

with coastal barrier elevations assures that the coast is essentially

a wall which leaks water.

22. The prediction/correction method. ~~ t~ first assume total

reflection at the boundary and then to correct that prediction of H

based on a finite height coast. In this manner, the siethod provides a

smooth transition from the time—dependent circ~ ostances where the

boundary is not flooded and no corrections are required to the cata— 
-

strophic flooding coast. Other relations for predicting H at the

coast than that of total reflection were considered. In particular,

a water—surface slope projection method was tested. Results of these

tests show the method. to be inappropriate for surge simulations.5 Other

tests imply that the slope projection method is applicable to tidal

(free wave) simulations.

23. At time level n , the water level at the coast, 11
+ 

, is

predicted. If the water levels, and. H
b , exceed the minimum

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

nominal coast for the time interval, n—i to n~1 ,

Submerged barrier

V~ = 2C
3D~

AtAL~~,Jg!D~ ! (35)

where

Dh = H ~~
_ I I

b (36)

AT)’ = I L~ — Lk+u I (37)
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C5 is a nondimensional submerged. barrier coefficient taken as 0.14
k k+1 . k k+lL and L are lengths of ~-he coast at elevations Z and Z ,c c b b
respectively, and the direction of the flow is determined. by the sign

of D1 ~.positive means water is re-moved from the coastal cell and

placed in the ponding area) . Barrier heights per AS section centered

on H points are discretized ir.~ o unit elevations ( k ) .  The length of

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

surveys, etc. The total volume of water crossing the submerged coast

is the summation of Equation 35 for k 0 , 1.-. .~~~ where K is the

•i nteger of the lesser of H+ 
or Hb - C ns idering large pondi ng areas

and high minimum coastal hei ght s , this volume is generally small

compared with that which is transported through channels or which over— -

• topped the exposed (on one side) section of the barrier. These submerged

barrier equations reflect the assumption that frictional effects are 
-

dominant in the bottom layer which is cont inuous across the boundary .

214. For the overtopped ‘carrier, the volume of water crossing

the coast is
Exposed (on one side) ‘o~rrier

V~ = 2C~ D~ At dI~~ J gt D~~I (38 )

where

Z~~— H . , if

= (39)

1I~ — Z~ , if ii
~ 

< <

C~, i~ a nond:j mensj onal exposel barrier coeff ic ient  taken u s 0.2 un d the

d I rect~ on of flow is determined by the sign of - The total vol’~me

~)r wa1
~~r overtopping the coas~ is the summation of Equation 38 1cr

k 0 ,1,.. .fl where I-i is the int -ger of the greater of H~ or Rb

25
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25. The volume of water associated with channel communication is

= + 2At CDA ~~~ - Rb I + W D  gD (140)

where

— Rb I , if H~ > 0 and. Hb > 0

H~ , if H~ > 0 and 11b < ~

D =  - ( 14i)
, if H < 0  and

0. , if 1I~~< 3  and

is the channel width, CD is a nondiniensional channel discharge
coefficient determined for each entrance , A is the channel cross—

C

sectional area at mean sea level, and the sense of the flow is taken

toward the low head side . An estima e of CDAC is possible ii’ tidal

observations are available inside and. outside a bay with a constricted
opening to the sea

- 

32rH
CD

A
c 

= T 3gB ( 142)

where A is the surface area of the bay at mean sea level , T is

the tidal period , H is the tidal range outside the bay , and B~ is
a nondimensional bay parameter that is dependent on the response (H /H.)

or phase lag. H. is the tidal range inside the bay. The bay parameter

as a function of response or phase lag is shown in Figure 6.12

26. Consider -that H
+ 

values along the coast (uncorrected for

flooding) are known at time level n and Rb and Ab are known at
level n—2 where is the ‘cay storage area . The volum e uf water

entering (or leaving) the ponding area is determined for each segment

by ~he appropriat e sum of V~ , , and . The ratio of that

volume to the surface area of z~ c grid. block representative of H ,

, provides the incremental correction to -the predicted coastal water

- level to conserve mass. This value is stored in H(I,J14,n) for use in

26
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the transport computations at level n+1. The r~e~ value of I-La at

time level n is Rb at n—2 plus the increcen~al water—level change

from the instantaneous and even distribution of the entering volume

(the sum for all appropriate AS se~ nents) on at level n—2

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

repeated for each ponding area and. its designaned coastal segments

Hurricane Wind and Atmospheric Press~ure ~4ode1s

27. The hurricane wind and atmospheric Drossure models as given -

by JelesnianskT)3 are employed in the surge studies with some minor ad—

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

points are

w
~ 

=~~~~
[_ (X

g 
— X

e
) sin ~ — (Y

g ~~~ 
ccs 

~
]F(rH)

and

= ~~~~~~ [(X g — X )  cos ~ — (Y
g 

— 

~~~ 
sin 

~~
F(rH)

where

,
~ 
1/2 -

r
H 

= [ (X
g 

- Xe)
2 

+ (Y
g 

- 1
e)~~

I (
~~

) -

- 3/2

(
~~~~~

-) 
, if rH

< R
H

F(r
H
) = (145)

/ ,
~ 

\112
f _ H

) , if

is the stationary storm maximum wind, ~ is the wind ingress angle

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

isovel , F.11 is the distance from the storni center (X
~~

Ye
) to region of

maximum winds, and X and Yg 
are the (x ,y) coordinates of 11 grid

28



-~ -- ~~ 
—

points. The translation of the storm provides an alteration in. the wind
field. The x,y supplemental wind components clue to storm t run -

~~~~~~ ~o
C

t~ (T~ c~~ ~,5 + Ty 310 ~))C(r~ ) ( 146)

and

t = (—T s~ n y~ + T cos ~i)G(r.) (~ 7)

~:here

( 148)

( ~ 1 , if r
11 < H1.

+ :d

G(r11) 
(149)

if r11
> P ~

T and T are x,y ccrnpo~~-~-nt. of the forward cpeed ~ f’ the storr- and
• a is a rotation angle used , r:-~.ft.ar1iy, to fine tune the alignment of

:~ex I1n-j n winds. For standard ooeratiorj of the wind model, a is set
equal to 900 + ~ . The x ,y—wind stress components for a mov~ng storm
o.r e

‘2 ,.) \ 1/ 2
-
~ ~: ( 

~~~ + ~~ 
) w (50)

X \ X  Y/ X

I~~ ,)\l/ 2
T = + w~~) w (5 1 )y x y

=~~~~ + t  (52)x x x

= V + t (53)
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and K is given by Equation 19. The stress cc::p-~ncnts in the st:retched

shelf coordinate system are determined by applying Equations 50 and 51

in Equations 15 and 16. In an alternate manner ,

W = W cos 0 + W sin e (514)S x y

and

- 
W
T W

X s i n O + W
Y

cos O (55)

where 0 is given by Equation 17 and. W
5 

and ~~ are the ~rind compo-

nents in the (S,T) system. The stress componer.ts are

2 1/2
= K +

and

2 2 1/2
(
~~

) -

•

28. The surface atmospheric pressure field associated (but not

dynamically coupled.) with -the hurricane wind is

p = p  + ( p  — P ) e 
H (58)

0 ~ 0

where P is the central pressure and P~ is the far—field pressure.

It is often observed that relatively high winds remain along the coast

after the storm has proceeded inland. Through numerical experiments,

it is found that reasonably good comparison betVeen observed (Hydromet)

and computed winds is obtained by setting FE to be the distance the

storm center is from the coast, specifying W~ to be desired winds at

the coast and setting c~ (measured clockwise from the storm movement)

such that the maximum wind region is along the coast. This procedure

allows slightly longer simulations to be performed after landfall than

would be permitted otherwise due to poor wind—field portrayal. However,

in the pressure expression (Equation 58) is not allowed to increase.

30
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If this procedure is followed in the numerical program (it is optionaL),

RH is held constant at a value EHIT in nautical miles (n.mi.) after the

time of storm landfall (TIIIT) which is input in hours af ter  the start of

the simulation.

29. The various program parameters -that are used to generate the

wind and atmospheric pressure fields for Hurricanes Flcssy ,1 Hilda,~~
Betsy,

l6 and. Carmen are given in Tables 1—14. Only for the postlandfaLl

winds from Hurricanes Hilda, Betsy, and Carmen were the normal routii~es

modified in the above manner. This is seen by noting the number for

THIT. For comparison , the computed and observed (Hydrcmet.) wind field

at selected times are presented in Plates 1—3 for Hurricane Hild.a and in

Plates 14—6 for Hurricane Bct~y.

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

Rb = 0.0328(P~ — (~
_
9)

where P , named PINF in Tables i—14, and P are in pressures of
0

millibars .

31. For historical storms , all necessary input parameters can le

determined if Hydrorcet has assessed the maximum winds W1, following

the some- procedures. This procedure probably results in a liberal esoi—

mtthe for W~ - Storm surge simulations for forecasting purposes typi—

ca] ly involve storm parameters of track , 
~~ 

, P0 , and RH . The

only other necessary input for -this wind model is WR - This can be

det ermi n ed from the correlation of a few severe historical storms where

iT ydromet has est imated WR and that value which is predicted by -the

Standa~-d Project Hurricane ( SPH) method 11 using only the requh-ed fore—

cu:;t sterm parameters. A cursory examination shows -that the ratio \-~~,

to w~~~(sPH ) is probably in the range 1.2 to 1.3. This approach I n

~~w e s t e r~ only as a temporary solution. Actually, a dyncc~ic marine

~- -v ~~ Hr -y layer hurriccne modei is needed that is independently cal l—

t~r~ ~- -~-d to severa] stn~’us of’ record and verified against even more
h i sto r ica l  storms . This wind model is comparable to the treatment of

t-ht- pi rs cs of the a~aosphere as SSURGE III is to -the hydrodynamics.
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PART IV : HURRICANES FLOSSY , HILDA, ~~~~~ AND CPJ~-L~~-i
SURGE STUDY

32. Hurricanes F.Lossy, Hilda, Betsy, and Carmen affected the

Louisiana coast from Atchafalaya Bay to the 1-4ississippi River.

Hurricane Flossy is the only storm in this study that paralleled this
coastal region with subsequent landfall near Pensacola, Fla. Plate 7
shows the location map , the four storm tracks , and. the computing grid..
The Mississippi River delta region and the adj acent levees are simulated
as nonovertopping barriers protruding from the coast in the ~.o~nner shown

in Plate 7. For three of these hurricanes, Hydromet has estimated

the surface wind fields at various storm iocations.114~
15
~
1G 

Information

about Hurricane Carmen is from personal communication with Dr. Joe

Pellissier , National Hurricane Center ( N H C ) ,  L-:~~~ , ~ iwni , Fin . It is

noted that the storm tracks as observed from ilydrome t , other weather

bureau offices as noted in poststorm damage survey reports of the U. ~~~.

Army Engineer Distr ict , New Orleans (NOD) ,  and from the NHC in—house

historical storm track record are, in most cases , somewhat different——

in particular , the track of Hurricane Flossy as it crossed the

Mississippi River del-ta and Hurricane Carmen as it approached Lake

Charles, La., in which the storm was decay ing (f i l l ing ) rapidly. The

storm tracks presented in this report are from the NEC record except

that the track of Hurricane Hilda prior to landfall is moved 6 n.mi .

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

River region is a compromise between the NOD report and NHC.

33 Six discrete ponding areas with storage area information and

FHBC data are presented in Table 5. Flood Region I is from i-~arsh Is.

to r
~~~j flt Au Fer Is. and bounded inland by elevated railroads or highways ,

3poil banks of canals , bayous , or other waterways. Flood Fegion II

is from the terminal point of Flood Region I to -~ine Is. and. bounded

in~ oad by the spoil banks of the Houma Navigatioo Canal to the east and

Bayou Chene to the west and highway U.S. 90 to the north. Flood

Region III is from Wine Is. to Belie Pass and bounded inland by the

Houma i uvit;ution Canal , Bayou Lafourche to the east , and Bayou Blue and

32



a portion of U .S .  90 to the nor~~ . Flood Region 1T is from Belle Pas s

to Barataria Pass and hounded inland uy Bayou Lafourche , Barataria Bay

~uterway , and U.S.  90 to the nor~l. Flood Region V is from Barataria

I~~j s to the west honk of the ~ississippi River levee and bounded inland

by the Bu rataria Bay Waterway tTh i -c b closes with the levee near New

CL -leans , La. Flood Region VI is from the east bank of the Mississippi

~i- -er levee to the entrance of L ike Borgne following the seaward extent

of’ tho marsh area and bounded inland by Ilew Orleans and. U.S.  90. fJl

the above—mentioned bayous , canaLs , et c . ,  have spoil or natural ailu-rial

banks associated wi th them th an ;~-oold have the tendency to l imi t  flows

~rom one floo a region to ar T - nan .

314 For Hurricane Flossy vhich occurred in September 1956 , the

coa3 tal surge envelope for a vall and flooding coast boundary condi—

t~on~ is presented in Plat e b. h~e comparison of computed water -

l evel envelope and observed h h—valor conditions is  presented in

Table 6 for coastal areas . Thble 7 shows the peak value of Jib arid

~he oboec~ ed conditions for c:-.~h f1001 region. T~ e observed condi t ions

are taken from the NOD poststarm survey1 which is presented in Plate 9.
The comparison of computed ~-aL oho-t r;-:d condi tions is not as good ~s

should h-c expected.

35 The tex-rn “coas tal  r-orge 1x~p-c ” refers t o the peak surge

wa ter elevaticns along the coast wiaLoa L regard to the time of its oc-

currence. Whereas , the ccira uted a ~tal water-’evel envelope i s  the

r -oal-~ vater level from the t me—t - coird made by the superposition of the

c:-:p-ected tide and the surge ~~~~~~~~~~~~~~~ z-s t a paiL cuitar l oca t i o n  without

~‘e~ ard to the tiaa- e~’ : iLs oc ::a - ’r crce. it is r o ~-r- ~~ff ic uit ~o coupire

aiiu obo~ r-~~d h-land h~~;e_v utr~r levels because the tide

ca nno t be simpl y aThi ed to the  cc:-a utod. surge. ~c~ :hernore , IL loses

0 - ) : l can iLL ~ in siu-~ e S i ut] a~-1 ::::-; -
~~ :~~‘

- ‘ for j rj an location: ; , the in-ta. L
a l n i  s -~titp io  o~’ i - i j  c c  import- -

~~~~. (coo  ~der a nur~e of 5 f t  occurr ing

at  a t i m e  o ° low i - i ~h- which in  ex~~:-:: t c-l to be —5 ft r e lot ive  to msl.

Lie s i t t ’~ ;-i mode]. W i - I A  d comou i~ - :i~ -t oi i-~~ re:Lative to barrier elevations

on msl and : m ’~;a ieve J ( - - -cii. ::ci ) .  The result is an erroneo us

i o n fc-r 1 b a , to  ~in ~~- cc , also for the coastal

- -~~~~~~~ - - - - -~~~~~~~~~~---~~ -~
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surge. However , for small tide ranges such as exi~~ in the Gulf of

kexico, the computations for the open—coast water level are representa-

tive - of the superposition of tide and surge . This problem can be , in

general, avoided if the tide function is input at the sea boundary and

dynamically computed along with the surge. It is reco~ iiended that this

should be pursued when a generalized predictive tide function appropri-
at e to the edge of he continental shelf becomes available.

36. Hurricane Hilda occurred in October 196k. Plates 10—15

show -the wat er—surface topography together with the depth—averaged
veloci ty field for a wall and flooding coast boundary in 6-hr interval s
over a 30—hr period. The role of the hississippi River rdelta in limit-
ing the free transport in -the continental shelf waters is clearly seen
in the series of the above snanshots. The effect of a flooding boundary

relative to a wall is seen to enhance the onshore-directed transport of
water in -the nearshore and not—so—near shore regi on . This would result
in caere sea sediment and suspended material  transported to ( and over )
the coast than that computed in nonflooding open—coast models. The

rrinciral surge area occurs at Cn-illou Bay as seen in Plates 12 and 16 ,
which show the surge envelopes. The coastal harrier in this area is
t yraLcall y a beach be rm , generally less than 3 ft in height (m ol ) .  Con-

sequently,  significant flooding occurred from l800Z (Z referring to
Greenwich Mean Tim e) ,  3 October , to approximately 0300Z the next day.

The winds at 0300Z, I~ October , are directed more along~hore , forcing

the inland surge to the east . The hi ghest observed wa~er level of

9.8 ft occurred inland , to the east o± Caillou Bay along the Houma

vigat L o n  Canal . TI i s  seen that the difference in surge envelopes

for a wall and flooding coast condit ions (Plate 16) is at most 2 to

3 f t .  T h i s  difference , al though seemi ngly small , reflects a sagneficant

floodi r c~ condition . In proper i er soective , the volume of water flood—
j ug ti;e coest is inconsequential to that volume entrained l.a the nose—

chore o ”en—sea circulation. Consequentl y,  water can be removed ~iir cm

the  coast and be almost instantaneousl y replaced wi thout s ign if icant

effect on the nearshore water level . The circulation pattern , however ,
is greatly changed due -to the flooding.

3)4 
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37. Tabien 8 and 9 compare the computed and observed high—water
levels for coastal and inland regions, respectively . The observed 

~ter—le- :ei record and that computed ( superposition of surge and cx—

- t a d t i -t e  as determined from the National Ocean Survey t ide  table)

a t various coastal locations are presented in Plates 17— 19 . i-.n oscill a—

t iro of 8 hr in p arL od is shown in the computed hydrograph E l  Bi loxi ,

~ii~~s. (Plate 19). The period of oscillation is c-haracl-cr ist ic of an

edge wave. hiiultioscillations occur from the t rorniny of energy between

the rigi~t lateral boundary and the protruding ~-iississirni Hiv-- -- levee.

Hu~-e~r ec , other con~ u ted waLer levels i.n this r e g i o n  do oat  c:-:hibit such

oscil lat ions as shoun in Pla-tes 18 and 20. Plate 17 show: ~- -no ther
t :-rnicui problem in open—coast surge computations——that of’ proper wind

specii’icat ion.  Before storm landfall , the analytically c-e-mruoed win ds

at Eugene Is. are always directed offshore , result ing in  the enhanced

dra~-idovri of’ the water. Moreover , the island is on the leeward s ide of

the coast and land -frictional influence on the wind is not cc-nsidered

in -the hurricane model . Further complication occurs in l i gh t  of recent

developments which shows that the surface winds in the forwa~ d sect ion

of -tu e s torm may be out fiowing (a negative ingress angle) . 19 The re-

sults presented in the comparison tables and in Platcs 11—19 are in

good agreement with the observed ; however , improvement should be cx—

pec ted with a better wind model . Plate 21 presents the observed hi gh—

water levels as reported in the poststorm survey .20

38. Hurricane Betsy occurred in September 1965. The water—

~acrface topography and velocity field comparing a wall and flooding

en act  boundary are shown in Plates 22—26. The effects  of the flooding

boundary on the ncurshore water levels and currents are most iramati—

cal ly  domons tr al -e-i  in P].ate 23. Without overtopDing , th e wall condit ion

s tra ’:-pirl g water in excess of 18 ft at the corner between the eas t

hi n s A  :;sLppi levee and. coastal wall . With flooding of the marsh area ,

on ly 12 f t of water i s c-ompute i along -the levee. The coast-al surge

envelope (Plate 27) clearly shows the effect of a flooding boundary

versus that with a wall. The velocity fields are con siderably d i f f erent

w i th , again , the er.l - :-~ncement of the onshore velocity for the f’] ooding

35
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boundary . Plate 23 also shows that~the surge is just ‘r~eginning to

develop on the western side of the t-tississippi ~i rer levee. Plate 21’,

3 hr later than that snapshot in Plate 23, shows the developed surge in

thi~ area while to the east , sustained relati~ ely high ~:ater 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 11 compare -the computed 2nd observed high—water

levels for coastal and inland regions , respectively . Furthermore , ob-

served and computed hydrographs at two coastal locations are presented

in Plates 28 and 29. The hydrograph location in P1-ate 28 is to the left

of landfall. The problems associated with the computed large drawdown

have been discussed previously. No presurge water—level anomaly is

added to any of the co~aputed results in any study reported herein ,

although after viewing the obs erved hydrograph at Bilox i , it may seem

appropriate. The results from this surge simulation , 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. Plat e 30 presents the observed

high—water levels as reported in the poststorra survey .2’

)4o. Hurricane Carmen occurred in Septe:’foer l97)-~. Snapshots of

the water—surface topography , together with the depth-averaged velocity

field for a wall and f looding coast , are shown in Plates 31—33. The

principal surge developed between Caillon Bay and the entrance to

Terrebonne Bay, as shown in the surge envelope (Plate 314), at approxi—

mately 0900Z, 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 loeation of the storm are in question due

to its rapid decay . Since the surge developed in East Cot e Blanche

Bay during the decay stage of the storm, it is viewed as fortuitous

that -the peak computed and observed water levels are in good agreement

(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.
14k . Plates 36—38 present computed and observed hydrographs at

36
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~~~ coastal locations. The observed hydrographs in the region to

:h-c east of the hississippi Bluer (.[‘.LRtes 37 and 38) ahaw a consider-

able initial water elevation at -the s t a r t  of computations . This eleva—

t~ o~ is not totally a. presurge condition because the ac t ion of the

‘ m d  is seen -to r ef lect  the observed peak levels some 20 hr later . On
other hand , this initial condition , especially at the Gulf Outlet

is not duo to the hurricane sin -a -
~ the win d :  on the c-ont!r,ento.l

r - ~ are very weak at the sti~rt- of’ c- ,- - O u~ - LL i n n s ;  Lhaa  is , if the surge

c’ul-.-.tion had begun at 1200Z, 6 ~ t-ara t~er ( Inc in advan ce of the

~ca i a g  r ime in  PJ-at.e 76), - the s o ~~~l would aoL hn- :e s o ~~ over 14 ft of’

~-i ter a-L the canal e nt r an c e  at 1200Z , 7 Sept-eral i .ar. O~hei- pruc~sses

a - -c occurring , prenio .~ably not saci gnable to the s t orm cur~~~, for what— -

o--:~~r caused the transient -waLec— L~ ve1 Lump at 11001’, 1

~~1ate 37) is probably r-osponsib le for a similar , -roii—co:r-nelated bu mp

an 2200Z , 7 ~ept ember , at Biloxi (Plo te  38).
h2 .  Tables 12 and 13 compare the computed aud choervod li gh—

nater  levels for coastal and iniacd regions, respectively. There are

T:O observations along the coast in the principal surge area for  corn—

~an i soo  with the computed value. In other places and subject to the

~~ avc  discussion, the comparison between computed sad ob oerved water

levelLo is in good agreement . Plat e 39 presents tho observed high—water
- 22

~~~~ lc  as r~ po rted in  the po.ststorm survey . - - -
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PART V: COHCLU : :O.;d ;~~D R~ C O - ’-~L JA?IO:;~$

143. The development of a aw-c— dim en sional , t i m e — d ep en d en t , curvi-

linear , open—coa st ~ tori~t s-sc~;-~- ’-m-!el is presen t ~~. In partir-alar , the

model treats the coast boun.d.u- -- as a f  ~ni t n I~e L ~ dd 1-ar -r i ar  wh ich  is

broken with bay er,t.t-anc~ s. doe r!-:oJ i i i ~ c.~~ . ; L  : C J t i~~.- iC S  t r -eaa —

ment of submerged o:i:l expo~~-~d (on  one a! Ic)  barriers is o - ssider’ ed

conservat ive.

1414 . Results o: four sn-arm a- Ln.~ i-~n a - :e p~ r~Otc r - ~ i n

which observed and co:upute-~ conni n~~ ns are cc-~ a- -:ed. i-! : to i .  t-~ su l t s
compa re most favorably with nh-~~e Cns~-rri-ri . 1h~ :‘i a i t - e a ’L- ht ; b-u -r i o - :

- 
approach does ipdeed improve the hyd .rc- lyn:co -i c  ::- “.e i’ s b-~ - ia ~~L o~- ~n the

nearshore region of’ the opC:i cccr3t b~m dot -s n~a ore --a an accurate pre-

sentation of inland flooding ev~ 7 a wher e local w~nJ cc tap is of r -aj or

importance. Other tochnique: ore required Li zing the results fro~u

the open—coas t model for  a c c ; c r n o  an -Le l i r ig  o~ b land fio-a~ibng processes.

From currently available dat a, a i-ela tively t c v  value for the wi nd drag
coeffic ient at high wind speeds is used . This i-s necessary to compen-

sate for the liberal estimate for  non m axim a-:~ wiaais. In hindcasting

situations, it is not guaranteci t hat the some procedure is used ic r

estimating the maximru:I wind. r± h r ~ wind model employed in these surge

~imu1at ions f rom historical storms requires inp~t of the maximum wind.

The problem can be resolved by using  a wind model based on the physics

of the marine boundary layer’ that will provide a wind field as a result

of dynamic meteorological contutations . It is recommended that such a

moned be obtained (as they do ex is t ) and incorporated int o the hydro—

dynamic flooding coast model . The resul t ing composite model , therefore ,
would be appropriate for b- nab r ececas ting and h!ndcasting aol involve a
(irny coefficien t reflective of the currently available data.

145. The following recommendations are secondary to that of tncor—

— porat ing a dynamic wi nd model i n SSIJ1~GE I I I .  It can be shown tha-t the

as tronomical tide does d i s tort  toe predicted coastaL and. inland  flood—

dater levels when it IS riot- incorporated into the dynamic r aoapu tat ’. ons ;

that- is, equivalent results an-c not obtained by the superposition of

33
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5-a rge and tide and that simulation where the tide tn - ~-c in

sea. boundary forcing condition. J’or the east coast cf ~~
:-
~~

-
~~ Jn tt -a d ~ :ate- ;

where there are some locations with large tici-i.l ranges , the t i ne  Ld

‘cc included in the-. computation. The results of the ft-na- m- -e

simulations performed for this study are considered a : ! - 1-:nc Ly o r :  ~
—

rate using superposition of surge and tide since nhej e : - cnc ; -ed in

of hex~ co waters ;iLer ’e the tidal range is small. It in are ~-:n ~ha:

a generalized i ide rrediction function which is aDp ronr  ace no th-~ a ige
u: the continentall chelt be incorporated into the sur~ e com:nna ;ion c .

1~6. It in recognized that other approaches , e n n ~ .1cm: and

d e nts are reported or can be developed for the treat -me-a c a
- 

~‘inite height barrier  coast. r f1’c~e~ e should be ixv-ecti cate-d and i cre

promising approach tested against the one report-ed h er r -  an

39
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Table 6

Comparison of Computed and Observed Coastal

High Water Levels for Hurricane Flonsy

Computed* Observed
Coastal High Water High Water
Location Level (ft) Level (ft)

6.1 n.mi. East of 2.3 3•7 (EST**)
East Timbalier I.
at Bay Champagne

Southwest Pass Eat. 2.0 3.7

Quarantine Bay 9.6 10.8, 11.9, 12.1

Pointe A La 1-lache, LA to 8.9 10.3, l0•5 (EST)
Point Pleasant, LA 10.7, 11.0 (EST)

Breton L 6.0 7 to 8 (EST)

~ Adjusted for astronomical tide.
** Furnished by various oil companies and by the Freeport Sulphur Co.
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Table 7

c~~~~~~ rison of Computed and Observed Inland —

Hi g~ Water Levels fo r Hu r ricane Flossy

ComDu C ed* Observed
Inland H.L~ h water Hi gh Water

Location Level (ft) Level (F t )

Barataria Bay to 0.4 3.6**, 3.6**, 5.2**, 5•5**,
Mt~ st ssiop i River Levee, 6.9**, 7•3**, 8.0**
Flood Region 5

Lake Borgne , 2 5  4 . 0 , 5.2 , 6.3 , 8.5 , 6 .2t , 6.4t ,
flood Region 6 6 9 t , 7 .7t , 8.i~~, ~~ 6t , 9.4t,

l0.9t

~:()rE: Flood Regions 1 — 4 r -ct  affected.
Not adjusted for astronocsi.cal tide.
Observations were located along landward side of coastal
harrier.
Observatiuna were located along southwest side of Lake 13o:gne.

____ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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Table 8

Comparison of C~ ted and Observed Coast al

High Wate r Levels for  Hurricane Hilda

- 

Cornputed * Obse rved
Coastal High Water High Water
Location Level ( f t )  L@vel ( f t )

Gu lf Eat. , Freshwater Bayou 1.5 2 3

East Cote Blanche Bay at 2 5  4.4
Lukes Landing, IA

Atchafalaya Bay at Eugene I. 3.8 3.3
(w/o f looding coast , 4.3)

Lake Pelto , 2.4 n .mi . Landward 6.8 7.4
from Eat ,  to Terrebonne Bay (w/o flooding coast, 7. 2)

Grand I. . . 2 4.0
(~/o flooding coast, 3.2)

East Side Barataria Bay near 5.0 5.5
Gulf Eat.

Southwest Pass, Mississippi 1.5 3.2, 3.5
River

Quarantine Bay at Ostrica, IA 4.0 4.6
(w/o flooding coast, 4.4)

Eat. Mississippi River — Gulf - 4 . 0  4 . 6

Out let Cat-sal (w/o flooding coast , 4 .4 )

Biloxi., MS 5.2 4.6
(w/o flooding coast, 5.2)

-
~ A-~justed for astronomical tide.

- - ____ 
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Table 9
Compa r ison of Computed and Ob served Inland

~~~ h Water Levels for  Hurricane Hilda

Computed* Observed
Inland High Water High Water
Location 

- 
Level (ft) Level (ft)

Atchafalaya Bay, 0. 3.8, 5.1
Flood Reg ion I

Ar.chafalaya River 3.8 None
to Hourna Canal ,
Flood Region II

Terrebonne— ’ ba iler Bay , 3.4 3.0 , 3.8 , 4.0 , 4.7 ,
Flood Region III 5.4 , 6 .6 , 6 .9 , 6.9 ,

7.0 , 7.4, 9.8

Bayou Latourche 0.5 None
to Ba rata ria Bay,
Flood Region IV

Ba rataria Bay to 1.6 4.0
Mississippi River Levee,
Flood Region V

Lake Borgne, 3.3 3.8, 4.5, 4.7, 5.0,
Flood Region VI 5.2, 5.3

* Not adjusted f or astronomical tide.

_ _ _  
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Table 10

c~~~arison of Computed and Observed Coastal
High Water Levels for  Hurr icane Betsy

Computed~ Observed
Coastal }1i~ h Water High WaterLocatio n Level ( f r )  I.evel (ft)

East Cote Blanche Bay at - 4.5 38
Lukes Landing, LA -

Grand I. 7 .2  8.8
(w/o flooding 7 .4)

East Side Ba ra ta r ia Bay 8.5 7.6
near Gulf Ent. (w/o floodi ng coast , 9.8)

West Side N :.;L~~ ippi 6 .2  to 12.2 5.7 , 7 .4 , 7 .7 ,River Lev~~~; Emp ire , LA , (w fo flooding coast , 8.8 , 9 .2 , 10.4to Vonice , L~ 6.2 to 16.1)

East Side ~-IissLssippi 12.4 to 15.2 13.6 , 13.7 ,River Levee; Pointe A La (w/o flooding coast , 14.4, 14.5, 15.7
Hache, LA , to Ostrica 12.8 to 23. 1)
(Brenton Sound), LX

Gulf port , MS 9.0 (Approx.) 10.7

Biloxi, MS 7.6 8.6

* Adjusted for astronomical tide.

L - - . - 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~
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TablI~ 11

Co1iiparison of Computed and Observed Ia land

High Water Levels for Hurricane_Betsy

Compitted~ Observed
Inland High Water High h’at~ r

Location Level (ft) Lev4 ( f c )

Atchafalaya Bay, 0. 2.9, 3.9
Flood Reg ion I

Atchafalaya River 0.9 3.0, 4.3
to Houma Canal, (along Houma Canal)
Flood Region [1

Terrebonne-Tiutbaliar Bay , 1.8 2.8 , 3.0 , 4.3
Flood Region III

Bayou Lafourche 0.5 3.4, 5.4
to Barataria Bay.
Flood Region IV

Barataria Bay to 2.1 3.4, 5.0, 5.3
Mississippi River Levee,
Flood Region V

Lake Borgne, 7.1 6.4, 8.3, 8.8, 9.1,
Flood Region VI 9.3 , 9.8, 10.1, 10.7,

11.0 , 11.7 , 14.4

* Not ad justed for astrononic-~l tide.
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Table 12

Co~p~~tson of Computed and Observed CoastaL

High Water Lavels for Hurricane Carmen

Computed * Obser ved
Coastal High Water High Water
Location Level ( f t )  Level ( f r )

East Cote Blanche Bay at 4~3~* 4.5
Lukes Landing , LA

At c h a f a laya Bay at 4~ 5** 4 .9
Lcver Atchafalaya River

Atchafalaya Bay at 3.8 3,,
Eugene I. (wlo flooding coast, 4.0)

Grand I. 4 .7  4 .2
(w/o flooding coast, 4.8)

Eat .  Mississipp i River — 5.1 5.7
Gulf Outlet Canal (w/o flooding coast, 5.4)

Biloxi, MS 4.0 4.5
(w/o flooding coast, no change)

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

Znt .  Terrebonne Bay 8.7 None
(w/ o f looding coast , 11.1)

Adjusted for  astronomical t ide.
** The time of high water occurred after 1200 CST 8 Sept 1974. The

water level is approximate because the structure of the storm a f t e r
1200 CST is uncertain due to its rapid decay. Computations ended
a t  1800 CST 8 Sept.

-~~~~~—~~~~~~~~ ~~~—-- -—



Table 13
Coniparison ‘f Computed and Observed _ Inlmd

gh Wat~~r Levels for  Hurr icane  Carr .~~n

Comp u ted~ Obse rv ed
Inland High Wato r  Hi gh eater

Location Level ~~~t)  Level ( It )

Atchafalaya }~~y, ~~~~~ 2 .8 , 3.2 , 3.8,
Fl ood Regio n 1 4 .0 , 4 .8

Atchafalaya River to 3.8 3.3
Itouma Canal,
Flood Re~-~Lon TI

Te rrebonn e—T irnba 1it~r Bay, 4.4 2.9, 3.8, 4.6,
Flood Region ilL 5.9, 11.6

Bayou Lafourche to 0.5 None
Barataria Bay,
Flood Region IV

Barataria Bay to 1.4 3.1
Mississippi River Levee,
Flood Region V

Lake Borgne, 3.4 5.0, 6.0
Flood Region Vt

* Not adjusted for ;e-tronomical tide.

** Computed bay level rising at end of computation. Se~ footnote **,
Table 18. 
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Volume transport per uait with-h in the ~ ar .d T di rections c r ,
equivalently , in the la~E~l di rection o(’ ~ ne-I ii in proto-
type space

Distance from hurrie:u e center to H gci~ points

R~. Distance from the st-o:-ri ccnter to the r ::ien of r:iax~rnum win ’in

t~ Ordinat e axis of the st.reUoi: e~: shel f c. -J Lua te  system
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T Long—wave travel ti~-;o
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x Rectilinear coordinaLe in in-otzitype O j I n e c

Xe 
The x coordinate of the hlIrC-Icane center in prototype space

Xg The x coordinate of the H grid, points in urototype space

y Rectilinear coordinate in prototype space

The y coordinate of the hurricane center in prototype s~n~”c

Y The y coordinate of th~ H gr-icl points in orototyre njnc c e

7~ Unit elevations of coastal barrier as decoted by k 0 ,1 ,2 ...
B The extent of ~i (±)  in the image space of (~~,n )

AS Constant spaced compubing grid increment between dependenU
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In accordance with letter from DAEN-RDC , DAEN-ASI dated
22 July 1977. Subject : Facsimi le Catalog Cards for
Laboratory Technical Publicatio ns, a facsimile catalog
card in Library of Congress MARC format is reproduced
below .

Wanstra th , John J
An open—coas t mathematical storm surge model with coastal

f looding for Louisiana ; Report 1: Theory and application I
by John J. Wanstrath. Vick sburg, Miss. : U. S. Waterways
Experimen t Station ; Springfield , Va. : available from
National Technical Information Service , 1918.

41, ~55~ p., 39 leaves of pla tes : ill. ; 27 cm. (Mis-
cellaneous paper — U. S. Army Engineer Waterways Experiment
Station ; H—78—5 , Repor t 1)

Prepared for U. S. Army Engineer Distric t , New Orleans ,
New Orleans, Louisiana.
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